
 

 

DYNAMIC BEHAVIOR OF SUPPLY CHAINS 
 

Hans-Peter Barbey 

University of Applied Sciences Bielefeld 

Wilhelm-Bertelsmann-Str. 10, 33602 Bielefeld, Germany 

Email: hans-peter.barbey@fh-bielefeld.de 

 

 

 

KEYWORDS 

Supply chain, bullwhip effect, closed-loop control, 

Smith-predictor, discrete event simulation. 

 

 

 

 
ABSTRACT 

The bullwhip effect has been well known since many 

years and often takes place  in supply chains. It is caused 

by wrong order policy in real systems. The bullwhip 

effect can be demonstrated easily through a discrete 

event simulation. It is possible with the application of a 

Smith-predictor and the limitation of the production rate 

to eliminate the bullwhip effect in simulations. The 

difference that it makes on nominal stock can be 

equalized in a rather short period. With a suitable set of 

parameters, the oscillation of the stocks of each 

company, upstream in the supply chain, is nothing more 

than a variation of the customer’s orders at the end of 

the supply chain. Anyhow, it takes a longer period to 

compensate the stock differences of the companies 

upstream. If we deal with a  total random order policy, 

the Smith-predictor can avoid the bullwhip effect, even 

the variation of stock in the upstream companies is 

lower than the variation at the end of the supply chain. 

With application of the Smith-predictor, the companies 

can equalize their stocks independently. 

 

 

 
1 INTRODUCTION 

Dynamic behavior of the material flow in a supply chain 

is influenced by the order policy of each particular 

company of a supply chain. The interaction of all 

companies creates the bullwhip effect, which has been 

described first by (Forrester 1958). It is the increasing of 

a small variation in the requirements of a customer to an 

enormous oscillation with the manufacturer at the 

beginning of a supply chain. In many articles, this 

phenomenon is only described in general terms without 

a mathematical definition (i.e. Erlach 2010 and 

Dickmann 2007). Without any mathematical description, 

the question is if the bullwhip effect can be avoided at 

all (Bretzke 2008). The main influences of the bullwhip 

effect are as follows (Gudehus 2005): 

 Independent orders of the particular companies 

in a supply chain 

 Synchronic orders (i.e. subsidiaries of one 

company) 

 Wrong order policy in an emergency case 

 Speculative order policy or sale actions 

To avoid the bullwhip effect, cooperation between all 

members in a supply chain is necessary. Basically, 

information about i.e. orders of customers have to be 

provided to all subsuppliers in the supply chain. This 

kind of cooperation is rather difficult in reality. The 

question is if the bullwhip effect can be avoided without 

any cooperation and providing of information to all 

members in a supply chain. 

 

Due to these many influences concerning the 

combination of the different companies in a supply 

chain, a mathematical description is rather difficult, even 

nearly impossible. Therefore, the discrete event 

simulation is a suitable tool to describe the bullwhip 

effect. It helps to understand the principle behavior of a 

supply chain.  

It has been shown (Barbey 2008) that production time 

and storage time are dead times in a closed-loop 

controlled system. These systems with dead times are 

nearly impossible to control if a short reaction time is 

required. If the controller has an unsuitable set of 

parameters, an oscillation can occur. The unsuitable set 

of parameters is the reason for the bullwhip effect 

(Barbey 2011). 

To get a short reaction time in a technical process, a 

Smith-predictor is often applied. The Smith-predictor is 

a controller, which can compensate the dead time in a 

system. The Smith-predictor provides a forecast of the 

control signal with a parallel model included in the 

controller. Therefore, the model is separated in a part 

with dead time and in a part without (fig. 1). The 

controller will be not adjusted at the control signal. It 

will be adjusted at the forecast without dead time. The 

forecast will be compared to the real signal and will 

adjust then the controller. If the model corresponds well 

to the controlled system, the Smith-controller provides a 

very good result, because the control variable is 

calculated without an existing dead time. If there are 

some changes in the process parameters, the Smith-

controller is very sensitive, because these changes are 

not included in the model. 
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Figure 1: Principle of a Smith-predictor 

 

The following describes the closed-loop control of 

stocks in a supply chain. Therefore, the production rate 

is calculated by an algorithm similar to a Smith-

predictor or a P-controller. This simulation is a 

theoretical study of the bullwhip effect and not the copy 

of a real system. 

 

 

 

 

2 CLOSED-LOOP CONTROL OF A STOCK 

To get some information of the quality of a closed-loop 

controlled stock, the following very simple production 

system will be calculated (Barbey 2008). It consists of a 

production unit, stock 1 with definite storage time, i.e. 

for a cooling process and  stock 2 for delivery (fig. 2). 

 

This system has following parameters:  

 The production time of one unit is adjustable 

 The production time is limited to a definite 

maximum and minimum 

 The storage time in stock 1 is 1 time unit 

 The quantity of stock 2 is closed-loop 

controlled to a nominal stock 

 

 

 

 

 
Figure 2: Production system as block model and 

simulation model designed with DOSIMIS 

 

This production system is closed-loop controlled with 

three different controllers: 

 P-controller with a gain of 1 (the difference of  

the stock will be produced within the next 

period) 

 P-controller with a gain of 0.5 (half of the 

difference in the stock will be produced within 

the next period) 

 Smith-predictor with compensation of zero-

point deviation 

 

All production parameters of this system are constant. 

The stock output is constant too. The only deviation is a 

difference of the nominal stock at the very beginning of 

the simulation. Additionally, there is an output at two 

definite times (fig.3). The stock is recorded one time per 

time unit. Then, the production time for one part is 

calculated for the next time unit. The controller is acting 

in a time discrete manner. 

 
The P-controller with the gain1 is controlling the stock 

of the nominal stock,  briefly after starting the 

simulation but behaves unstable. There is an oscillation 

around the nominal stock. The peaks in the stock output 

create a momentarily increase of the oscillation. The P-

controller with the gain 0.5 is controlling the nominal 

stock too. It obtains the nominal value with a damped 

oscillation after approx. 10 time units. The Smith-

predictor has improved behavior. The difference to the 

nominal stock is compensated much faster after approx. 

3 time units. An oscillation does not occur.  The time for 

the compensation depends only on the difference in the 

stock. Due to the limitation of the production rate, it 

takes a definite time to compensate the stock difference. 

This is the shortest possible time for compensation.  

 

 

 

 

3 SIMULATION OF THE BULLWHIP EFFECT 

 

For the simulation of the bullwhip-effect, the following 

simulation model of a supply chain will be used: 

 
Figure 3: Stock with an additional output 



 

 

 
 

The basic model is the single production unit (fig. 2). 

For the supply chain, it will be copied four times (fig. 4). 

Due to simplification, the parameters of all units are 

identical, and they are the same as in the first model. To 

get a small variation in the stock of the first factory, a P-

controller with a gain of 0.8 will be used. This small 

oscillation in the stock of factory 1 increases in the other 

stocks upstream (fig. 5). The bullwhip effect has been 

created only with a deviation of the stock at the 

beginning. Additional disturbances in the stock output 

are not needed. A P-controller with a large gain is not 

suitable as a controller in the model of a supply chain. 

 
 

 

 

 

4 APPLICATION OF A SMITH-PREDICTOR IN A 

SUPPLY CHAIN 

 

For all factories of the supply chain, a Smith-predictor 

will be applied to control the stock. The Smith-predictor 

calculates the amount of the corrective action, the 

production time in each factory. The production time is 

limited to maximum and minimum. This limitation helps 

to reduce the bullwhip effect due to a wrong order 

strategy in an emergency case (chap.1). As a 

disturbance, an additional output from the stock of 

factory1 is applied (fig. 6). The amplitude of this output 

increases with the time. This additional output simulates 

a speculative ordering strategy (chap. 1) and the 

increasing amplitude simulates a trend. 

 
 

The deviation from the nominal stock is controlled to 

zero in factory1. The duration for the control depends 

only from the difference to the nominal stock.  The 

higher the difference, the longer the period. The reason 

for this increased duration is the limitation of the 

production rate. This difference in stock takes place in 

the other factories too. They have  increasing stock 

output with a delay due to dead time. Caused by a newly 

calculated production rate of the Smith-predictor, an 

increased stock output takes place  in the factories 

upstream. At the beginning of the simulation, a small 

bullwhip effect occurs in a oscillation of the stocks. The 

difference in the stocks upstream is less than at the 

beginning of the supply chain. The difference in the 

stock of factory 1 caused by the customer’s order is 50 

units at the end of the simulation. The difference in the 

other stocks is 8 units. The reason is a limitation of the 

production time. On the other hand, this limitation 

increases the time to compensate this difference and 

reduces the oscillation of the stock nearly to zero. 

 

In this simulation,  the behavior of a supply chain has 

been shown when only one singular order takes place  in 

a time step of 30 units. This order could be completely 

controlled. In the following simulation, the order 

strategy is random as far as the quantity is concerned. 

The time of ordering is constant. Within an interval of 2 

time units, there is a random output between 0 and 13. 

This time step is not long enough to control the  

difference completely. In factory1, a high variation in 

the stock takes place (fig. 7). The variation in the stock 

take place  in the factories upstream too. By comparing 

the amplitudes in the stock, it will be clearly understood 

 
Figure 4: Simulation model of a supply chain 

designed with DOSI MIS 

 

 
Figure 5: Stock in all factories by application of a P-

controller with a gain of 0.8 

 

 
Figure 6: Stocks in a supply chain with additional 

outputs at definite times 

 



 

 

that they are less in factory1. The bullwhip-effect does 

not exist here, even if it is reduced.  The Smith-predictor 

is suitable to control stocks in supply chains. 

 
 

 

 

5 CONCLUSIONS AND FUTURE TASKS 

 

This study is a theoretical view of the bullwhip effect, 

applying the discrete event simulation. The supply chain 

model has quite a simple structure. The advantage is to 

see the main influences of the bullwhip effect. Due to 

dead times caused by production or storage,  it is 

difficult to get a constant stock through a closed-loop 

control. In a supply chain, the bullwhip effect is 

manageable if a Smith-predictor is applied, even if the 

companies handle their stock independently. Two 

different order policies for the customer at the end of the 

supply chain  have been studied. The first strategy was a 

single order, which could be closed-loop controlled in 

the nominal stock. The second strategy was a random 

order in a rather short time. In both strategies, with the 

application of a Smith-predictor and the limitation of the 

production time for one unit, the bullwhip effect does 

not exist. In the simulation, the limitation of the 

production time is a quite simple method to manage the 

bullwhip effect. Of course, the limitation of the 

production time can be done in a real system too, 

however, the knowledge from the orders in the past and 

the trends for the future define the limitation. This is the 

reason to create a self-learning model in the next step. 

Not included in this simulation was the examination of 

the behavior of a supply chain with a seasonal trend. A 

seasonal trend is comparable with an oscillation. These 

oscillations are often very difficult to control. The 

impact of a seasonal trend to the bullwhip effect has to 

be exanimated in a next simulation study. Subsequently, 

it has to be checked if this theoretical knowledge can be 

transferred to a real supply chain. A real supply chain 

has to be simulated then. 
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Figure 7: Stock with a random ordering strategy 

 

mailto:hans-peter.barbey@fh-bielefeld.de

