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Thesis Abstract 

Can Aytekin, “Value of Information in Vendor Managed Supply Chains” 

Parallel to the advances in information technologies and growing awareness of 

information sharing in supply chains, vendor managed inventory systems have 

become an opportunity in supply chain management. In this study we analyze the 

value of information sharing in a vendor managed supply chain with three suppliers 

and one retailer. These three suppliers sell different but substitutable items to the 

retailer.  With this motivation an agent based simulation model is generated to 

analyze the value of information sharing, by comparing a Retailer Managed 

Inventory system in which there is no information sharing with a Vendor Managed 

Inventory system with information sharing.  

The generated models are used in the sensitivity analysis with the intention of 

observing the effect of holding cost, stock out cost, end item demand variability, lead 

times and order frequency on the value of information sharing. Finally, the models 

are embedded into a decision support system to be used for practical purposes by the 

supply chain managers. 
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Tez Özeti 

Can Aytekin, “Tedarikçi Kontrollü Tedarik Zincirlerinde Enformasyonun Değeri” 

Bilişim teknolojisindeki ilerlemeler ve tedarik zincirlendike enformasyon 

paylaşımının farkındalığının artması, tedarikçi kontrollü envanter yönetimi 

sistemlerinin tedarik zinciri yönetiminde bir fırsat olarak ön plana çıkmasını 

sağlamıştır. Bu çalışmada biz tedarikçi kontrollü, üç tedarikçi ve bir perakendeciden 

oluşan bir tedarik zincirince enformasyon paylaşımının değerini analiz ediyoruz. Bu 

üç tedarikçi farklı ancak birbirine ikame ürünleri perakendeciye tedarik ediyorlar. Bu 

amaçla, bir ajan tabanlı simülasyon modeli geliştirilmiştir ve bu model kullanılarak 

enformasyon paylaşımının değeri, parakendeci kontrollü envanter yönetiminin 

kullanıldığı ve enformasyon paylaşımı olmayan bir sistem ile tedarikçi kontrollü 

envanter yönetiminin kullanıldığı ve enformasyon paylaşımı olan bir sistemin 

karşılaştırılması yoluyla ölçülmektedir.  

 Oluşturulan modeler duyarlık analizinde kullanılarak, stokta tutma maliyeti, 

stokta bulunmama maliyeti, nihai ürün talep değişkenliği, teslimat süresi ve sipariş 

verme sıklığının enformasyon paylaşımının değeri üzerindeki etkileri ölçülmektedir. 

Son olarak, modeller bir karar destek sisteminin içine yerleştirilmiş ve tedarik inciri 

yöneticilerinin uygulamada kullanabilmesi için hazırlanmıştır. 
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CHAPTER 1: INTRODUCTION 

 

In today’s competitive business environment, supply chains and their management 

are very critical issues for organizations. Organizations try to increase their profit in 

every way possible, and supply chain management is one of the most significant 

areas in which organizations can differentiate themselves from their peers. Thus they 

keep examining and applying various structures and arrangements to find out which 

type of coordination fits better to their specific supply chain. 

There are numerous business models to choose from regarding supply chain 

management. In this study the focus will be on Retailer Managed Inventory (RMI) 

and Vendor Managed Inventory (VMI) systems. 

RMI is a rather traditional approach compared to VMI. In RMI retailer has 

the responsibility of his own inventory and orders. However in VMI, the supplier 

makes the decisions regarding the orders of the retailer, and also carries the liability 

of inventory costs of the retailer. VMI system requires the retailer to cooperate by 

sharing demand information in order to succeed.    

Information sharing consists of every possible piece of data being shared by 

the supply chains partners. The extent of this information can range from a simple 

order notice to sharing the Point of Sale (POS) data with the upstream members of 

the supply chain. 

Although the sole purpose of information sharing is to add value to the supply 

chain it does not always lead to increased profits. Thus the value of the information 
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sharing has been of interest to both the researchers and practitioners. As one can 

imagine, measuring the value of information is not a simple task in the real world. 

Supply chains are too complex to observe every little bit of detail and the effect of 

every single decision. Researchers attempt to see the impact of information sharing 

on supply chains by making assumptions and extrapolating through the data gained 

from working on less complicated supply chains. 

The primary aim of this thesis is to measure the value of information in a 

supply chain in which there is competition among different brands, and to decide 

upon the strategic appropriateness of an RMI or a VMI system. There are three 

suppliers, each supplying a different brand of an item and one retailer that sells items 

of all these suppliers in our supply chain. Without loss of generality, we might 

assume that these items are different brands of printers that can be used as partial 

substitutes to each other in an IT store. A customer willing to purchase a certain 

brand of a printer might choose to buy a different brand if the preferred one is out of 

stock. Comprehending how value of information is conceived in a VMI system in 

which competition exists among different brands is an intriguing issue, since the 

sales quantities depend on the inventory positions of the competitor brands. The 

primary idea of this study is to measure the contribution of a VMI system where the 

demand information is shared with competing suppliers. 

We propose a simulation tool which utilizes Agent-Based Methodology. We 

treat each of the parties of the supply chain as agents who can decide and react 

according to their predefined behavioral models. They can respond to environmental 

changes and adapt accordingly. By using Agent-Based Modeling, we expect to see 

the value of information sharing more accurately.  
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This simulation tool is designed to serve as a Decision Support System (DSS) 

for both practical and academical use. The tool will help users to compare RMI to 

VMI and observe which one would be a better fit for their own supply chain in 

question. Users of this tool can decide upon all the parameters, which will allow 

them to see the value of information with different initial conditions and make 

sensitivity analyses.  

The thesis is structured as follows: Chapter 2 presents the studies conducted in 

the literature. Chapter 3 briefly explains ABM, the methodology that is used in this 

study. In chapter 4 our model is explained in detail. Chapter 5 presents the sensitivity 

analysis part of our simulation and in chapter 6 the results of the sensitivity analysis 

are discussed. The final chapter concludes the study and discusses the possible 

further improvements. 
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CHAPTER 2: LITERATURE REVIEW 

 

Definition of Supply Chain and Supply Chain Collaboration 

 

Supply chains are defined as “Networks of manufacturing and distribution sites that 

procure raw materials, transform them into intermediate and finished products, and 

distribute the finished products to customers” (Lee & Billington, 1992). 

Administering and directing supply chains is called Supply Chain Management 

which is most commonly and thoroughly defined as “the efficient management of the 

end-to-end process, which starts with the design of the product or service and ends 

when it has been sold, consumed, and finally, discarded by the consumer” 

(Swaminthan & Tayur, 2003).  

 Supply chains are used to be considered as linear systems, in which raw 

material enters at one end and the finished good comes out at the other end 

(Keskinocak & Tayur, 2001). However, as Veermani, Joshi and Sharma claim, 

supply chains are nowadays dynamic and responsive networks, supporting different 

types of products such as standard, configurable or custom manufactured products 

(as cited in Keskinocak & Tayur ,2001). This dynamic structure of supply chains 

calls for different approaches, thus making the supply chain management a more 

crucial concern. 

 Collaboration of the supply chains keeps getting more and more important, 

leading to increased number of models for supply chain integration. These models 

mainly aim for efficient replenishment between all parties of the supply chain. A 
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common aspect of these models is that they intend to improve the material flow and 

supply chain performance, and they concentrate on information flow along the 

supply chain in order to accomplish these improvements (Vigtil, 2007). Angulo, 

Nachtmann and Waller (2004) argued that Automatic Replenishment Programs such 

as Continuous Replenishment Planning, Efficient Customer Response, Quick 

Response, and Vendor-Managed Inventory can be characterized as partnership 

schemes based on information sharing among the members of supply chain with the 

purpose of matching supply and demand effectively. 

Matching supply and demand is a major concern in supply chains because of 

the bullwhip effect. Bullwhip effect is defined as “the phenomenon where orders to 

the supplier tend to have larger variance than sales to the buyer, and distortion 

propagates upstream in an amplified form” (Lee, Padmanabhan & Whang, 1997). 

Bullwhip effect has grave consequences that disturb the operation of the supply 

chain. Higher variance causes the members of the supply chain to carry more safety 

stock thus making higher investment in stock, to increase their production capacity 

and to put up with augmented storage space. Bullwhip effect also causes very intense 

resource utilization in some periods and underutilization in subsequent periods 

(Croson & Donohue, 2003).  

 

Information Sharing in Supply Chains 

 

Information sharing is declared to be the most conventional solution for preventing 

bullwhip effect in the literature. Research by Chatfield, Kim, Harrison and Hayaa 
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(2004) supports that information sharing decelerates the bullwhip effect in the supply 

chain as we go up the supply chain since it allows the members in the upstream of 

the supply chain to plan according to the customer demands in advance . Croson and 

Donohue (2003) claim that Point of Sale (POS) data sharing can help members of the 

supply chain overcome the oscillation and its negative effects by letting them better 

understand the nature of the internal orders they receive. 

The main reason behind the increased focus on information sharing is the 

advancements in the information technologies. These advancements allow the supply 

chain members to collaborate with their suppliers and customers by sharing essential 

information quickly and inexpensively (Cachon & Fisher, 2000). The information 

sharing that happens in real time has helped the supply chains in many ways such as 

inventory reduction, increased service levels and quick response to the variation in 

market conditions (Simchi-Levi & Zhao, 2004). 

Along with the increased interest on information sharing, more and more 

business models have emerged for better management of supply chains as mentioned 

before. Different business models have different types of information sharing 

requirements in order to work efficiently. In the research of De Toni and Zamolo 

(2005), they have pointed out some of the information types that are shared in supply 

chains, some of these data are stock levels, incoming orders, POS data, delivery 

schedules, sales forecasts and promotions. 

When the literature is examined thoroughly, it is clear that information 

sharing has been of great interest to researchers. There are several papers in the 
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literature which approach information sharing from different perspectives and 

attempt to discover the value of information as seen in Table 1.  

Table 1 - Studies on Information Sharing in a Supply Chain 

Author Topic 

Mishra and Raghunathan (2004) Retailer- vs Vendor-Managed Inventory and 

Brand Competition  

Huang and Iravani (2005)  Production Control Policies in Supply Chains 

with Selective-Information Sharing 

Jain and Moinzadeh (2005)  A Supply Chain Model With Reverse 

Information Exchange 

Ye and Farley (2006)  Information Sharing and Control in 

Homogenous and Heterogeneous Supply 

Networks under Different Market Conditions 

Li, Lin, Wang and Yan (2006)  Enhancing Agility by Timely Sharing of Supply 

Information 

Abuhilal, Rabadi and Souza-

Poza (2006)  

Supply Chain Inventory Control: A Comparison 

Among JIT, MRP and MRP With Information 

Sharing Using Simulation 

Kim (2008)  Revisiting "Retailer- vs Vendor-Managed 

Inventory and Brand Competition" 

Choudhury, Agarwal, Singh  and 

Bandyopadhyay (2008)  

Value of Information in a Capacitated Supply 

Chain 
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In these papers value of information sharing is examined with different 

methodologies. Analytical models and different types of simulations are developed in 

order to recognize the value of information sharing in supply chains. The value of 

information is analyzed in different business models and constraints, such as the 

existence of brand competition, capacity constraints and different market conditions. 

Some of these papers on the other hand are focused on different types of information 

sharing and some information sharing specifications. The consequences of using 

selective information sharing, reverse information exchange and timely information 

sharing on the value of information sharing are investigated. 

 

Vendor Managed Inventory Systems 

 

One of the most studied model among the supply chain management models is 

Vendor Managed Inventory (VMI) system which emerged in the early 1980s. 

Although many definitions has been suggested for VMI, the broadest definition for 

VMI is “a continuous process in which the vendor assumes responsibility for the 

management of customer’s inventory” (Sarpola, 2007).  VMI is a system that 

requires information sharing between the members of the supply chain (Angulo, 

Nachtmann & Waller, 2004).  

VMI systems allow the suppliers to decide upon replenishment schedule and 

determine their own production plan as long as supply chain meets agreed upon 

customer service level. This freedom helps suppliers to have stabilized production 

levels and lower transportation costs (Claassen, Van Weele & Van Raaji, 2008). 



 

9 

 

These advancements in suppliers’ side allows the retailer to achieve a certain 

productivity level which is very difficult to attain on its own (Achabal, Mcintyre, 

Smith & Kalyanam, 2000). 

According to the literature benefits of the VMI can be summarized as 

(Angulo, Nachtmann & Waller, 2004; Waller, Johnson & Davis, 1999; Daugherty, 

Myers & Autry, 1999; Achabal, Mcintyre, Smith & Kalyanam, 2000): 

 Reduced transportation and set up costs, 

 Reduced lead times and increased inventory turnovers, 

 Reduced inventory stock outs, 

 A more responsive replenishment system, 

 Increased customer service levels, 

 Decreased bullwhip effect in the supply chain as one moves upstream. 

As attractive as these benefits may seem, they are not very easy to achieve. In 

an interview, carried out by Aichlmayr (2000), an executive in the supply chain 

management field has claimed that “out of 10 VMI implementations, three or four 

achieve great benefits. Three or four have some benefits, but not as much as 

anticipated, and two or three do not get any benefits.”. 

The low rate of success suggests that there are some downsides to the VMI 

implementation as well as the upsides. These downsides are discussed in a study by 

Gustafsson and Norrman (as cited in Disney & Towill, 2003). They state that 

although VMI concept is rather easy to understand, getting adapted to the change of 

working procedures is a long process. The shift of responsibility from the retailer to 

the supplier is another significant change that takes some time to become accustomed 
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to. Integration of enterprise resource planning (ERP) systems might create more 

work than expected. The last downside mentioned is that in a certain business with 

short-term supplier relations might have huge difficulties in implementing VMI. 

Since VMI requires close relations and trust among the partners of VMI, in short-

term supplier relations it is very challenging to establish this kind of relationship and 

confidence. 

Low rate of success in VMI implementations has led the researchers to 

concentrate on the underlying success factors of VMI. There are various studies in 

the literature that have their focus on understanding and depicting these factors. 

Barratt (2004) stresses the importance of the nature of the relation between the 

members of the supply chain and draw attention to several important points for the 

application of successful VMI systems. These points are: trust between members, 

common goals and objectives, openness, clear and frequent communication between 

parties, stable relationships, mutual interdependency, commitment and honesty.  

Besides the importance of the nature of the relationships all through the supply 

chain, the quality of information is very essential as well. As mentioned before 

information sharing is a necessity for VMI implementation, however information 

might not always be as beneficial as it can be due to low quality of information, i.e., 

information needs to have some specifications and meet certain requirements in order 

to be a valuable asset for the VMI implementation. 

First of all information should be shared in a timely manner, delays in the 

information can cause the supplier to have delays in analyzing the information and 

planning the replenishment, which would negate one of the most important benefits 



 

11 

 

of VMI, i.e., planning the replenishment ahead. Hence it is essential that retailers 

share the information with no or few delay. Information should also be accurate; 

inaccurate information will result in inaccurate forecasts leading to extra costs. 

Lastly information is expected to be reliable, adequate and complete, only then VMI 

can be successfully implemented by making good use of shared information 

(Claassen, Weele & Raajj, 2008; Angulo, Nachtmann & Waller, 2004). 

Sarpola (2007) proposes six main components for evaluating and differentiating 

VMI systems. It is claimed that different combinations of the six elements for 

inventory location, distribution model, inventory level monitoring and demand 

visibility, role of information systems, replenishment decisions and inventory 

ownership forms different VMI systems. It is also suggested that the first two 

elements have a relationship, as well as the second and third two components. 

First, the location of the inventory either being in a distributed manner in the 

customer’s premises or being in a centralized manner in vendor’s premises or third 

party location, requires the vendor to be more involved or not in the distribution 

process, because when the inventory is located close to the customer, vendor 

representatives and customer can have the kind of interaction that generates some 

benefits, but when there is no interaction between vendor representatives and 

customers due to the  centralized inventory location, outsourcing the distribution 

activities becomes a better option. 

 Second, the relation between the inventory the role of information systems and 

level monitoring and demand visibility is very clear, when the inventory level and 

the demand information of the customer are shared with the vendor in real time, it is 
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expected that the role of information systems will be more essential for the VMI 

system to succeed. 

Finally, the connection between the replenishment decisions and inventory 

ownership in VMI relation is shaped by the request of the vendor to be more 

independent in replenishment decisions as the inventory ownership is transferred 

from the customer to the vendor.  

Different methodologies have been used in the literature for measuring the 

value of information in supply chains. Sahin and Robinson (2002) classify these 

methodologies as analytical models, simulation, case study, mathematical 

programming, and empirical analysis. They also claim that the enlarged problem 

scope due to more complex network structures and more realistic demand structures 

set off the shift from analytical models to simulation-based research. 
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CHAPTER 3: METHODOLOGY 

 

Simulation models are widely used in the supply chain researches in order to analyze 

complex, dynamic and stochastic systems and to improve the quality of the decision 

making (Almeder, Preusser & Hart, 2009). A simulation based approach is better 

suited for evaluating the system performance in systems that operate under wide 

variety of conditions (Rosetti, Miman & Varghese, 2008). 

In this study we use Agent based modeling (ABM) for simulating the supply 

chain system. ABM is a new analytical tool which enables the researchers to build 

models where individual entities and their interactions are represented directly 

(Gilbert 2008). The basic components of  ABM there are the agents which interact 

with each other within an environment (Zhu, 2008). 

Here, the environment is a virtual world which can vary from being a market 

environment in which goods are bought and sold, to a geographical environment of a 

region or a country. Thus ABM can be compatible with many different fields of 

research. Environment is almost as important as agent itself in ABM. 

“An autonomous agent is a system situated within and a part of an 

environment that senses that environment and acts on it, over time, in pursuit of its 

own agenda and so as to effect what it senses in the future” (Franklin & Graesser, 

1996). In another definition an agent is defined as: autonomous or semi-autonomous 

components that interact with each other and the environment according to a series of 

rules that define their movement, actions, decisions and interactions (Chatfield, 

Hayya & Harrison, 2007).  
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According to Wooldridge and Jennings (1995), agents have four important 

properties which should be emphasized:  

 Autonomy: An agent is able to operate without direct interference. Thus both 

its actions and its internal state are in control of itself. 

 Reactivity: Agents can recognize the environment and reacts appropriately by 

taking the variations and alterations in the environment into consideration. 

 Pro-activity: An agent can act in such a way that, it can plan ahead and take 

actions directed by its own internal goals. 

 Sociability: Agents are able to interact with each other using predefined 

common sociability rules. 

 These properties have aroused the interest of supply chain researchers, 

especially in the last decade, and researchers have started to introduce more and 

more supply chain simulation studies by using ABM methodology. Thierry, Thomas 

and Bel (2008) argued that the reason for this increased interest in ABM is that the 

use of ABM in supply chain simulation enables the researchers to represent and 

assess both the existing interactions between the entities and their behaviors. 

 Yuan, Liang and Zhang (2001) state that the actors of the supply chain and 

agents have several similarities, and stressed the following analogies between actors 

and agents summarized in Table 2. 
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Table 2 - Comparison of Actors in a Supply Chain and Agents in an ABM 

Actors in a Supply Chain Agents in an ABM 

There are multiple actors in the supply 

chains, i.e., manufacturers, suppliers, 

distributors, retailers, customers. 

An ABM simulation consists of multiple 

agents. 

The actors have goals, means and 

abilities necessary for carrying out 

tasks and follow certain rules. 

Agents have goals, abilities, roles, and 

they can also take complex decisions 

through their reasoning abilities. 

The actors make their decisions by 

coordination and negotiation. 

Agents have social capabilities and they 

perceive the environment and act 

accordingly. 

Coordination between the actors is 

realized through informational and 

decisional interactions. 

Coordination between the agents is 

accomplished by informational 

interaction with other agents. 

An actor has access to incomplete 

information shared by the members of 

the supply chain. 

An agent has incomplete information 

shared by message exchanges. 

The actors can decompose their tasks 

and assign them to other actors. 

Agents can hand over some of the tasks 

to other agents. 

Actors can join or quit the supply chain 

due to  its dynamic structure. 

Agents can be added or removed from 

the simulation. 
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These analogies show that ABM can facilitate the simulation of supply chains not 

only by allowing the researchers to take into account the distributed nature of the 

supply chains and the non-linearity of the behavior, but also by letting them modify 

the environment, allow for the decision complexity and variety (Thierry et al., 2008), 

thus making ABM a good fit for supply chain researches. 
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CHAPTER 4: MODEL 

 

We build our model in order to examine the results of both RMI and VMI models. 

We try to measure the effect of different input parameters on the performance 

measures of our proposed supply chain.  

We consider a three-echelon supply chain with three manufacturers, three 

distributors and only one retailer. These three manufacturers produce different brands 

of a certain product, say printers, and these three brands are substitutes for each 

other. We assume that each manufacturer supplies a certain distributor and each 

distributor supplies the retailer with that particular product.  Consequently retailer 

has three different brands of product that it can offer to the customers. Here the 

retailer can be conceived as a store selling technological products, including 3 brands 

of printers. 

 Although we simulate a three-echelon supply chain, we are actually interested 

in the two-echelon system between the distributors and the retailer. The 

manufacturers are assumed to have large production capacity for implementation 

purposes. We ignore both the costs and the revenues that occur for the manufacturers 

and we use the manufacturer agents only for the orders that they send to the 

distributors. Therefore, we actually develop this simulation model with the intention 

of analyzing two-echelon supply chain with one retailer and three distributors of 

three different brands. 

The retailer experiences demands which are stationary and stochastic. The 

daily demand follows a normal distribution for each printer brand. The three 
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distributors are the only sources of inventory for the retailer and each supplies a 

certain printer brand. The retailer may or may not give orders depending on the 

management policy of the supply chain. As it was mentioned before, this thesis aims 

to compare the RMI system with VMI system in order to assess and comprehend the 

strategic appropriateness of both business models in different conditions. 

Both the manufacturers and the distributors experience certain lead times 

which are preset at the beginning of the simulation. They also have predetermined 

starting inventories, sales prices and order frequencies. All of these parameters can 

be modified so as to evaluate their effects on the resulting performances. 

In this study, we assume we have a technological product, say  printers to be 

specific, and set the parameters accordingly. However it should also be noted that the 

parameters can be adjusted and the simulation can be run with another set of 

parameters for different products of different natures.  

Consumer behavior is a major part of this model. Consumers that come to the 

retailer buy their preferred item if it is available in the retailer, however if the retailer 

cannot provide the customer with their preferred item, they decide upon their next 

move according to a preset consumer decision probability matrix given in Figure 1. 

 
Figure 1 – Customer decision matrix 
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The need for decision probability matrix in this model emerged as a result of the 

complex consumer behavior under the existence of brand competition. Customers 

have to make a decision when they cannot find their preferred items. They can 

choose to wait for their preferred item to arrive, and come and try to get it in certain 

number of days defined as a simulation parameter, or they can choose to buy a 

substitute item of their choice, or they can quit the retailer without buying anything at 

all.   

In a stock out situation, customers will not choose to wait more than once for 

the same product. In their second visit, if their preferred product is still not in the 

stock they choose between either quitting or asking for an alternative brand. The 

customer is satisfied if the alternative brand is already in stock, otherwise he quits or 

asks for the other alternative brand. If he cannot find the last alternative brand in the 

stock either, he has no option but to quit. 

Through this decision probability matrix, the user of the simulation is able to 

classify consumers into segments, each of which can be defined and adjusted in 

accordance with the expected consumer segments for each different market or 

product type. Consumer can be segmented according to being loyal to a brand or not, 

and being in need of buying that particular product or not. 

There can be up to 3 different consumer segments, the simulation also gives 

the user the chance to set the percentage of the each consumer segment among all 
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customers. Consequently the user is able to choose up to three different customer 

segments, define the characteristics of each segment by changing probability 

matrices and determine the percentage of each segment among all the potential 

customers. 

  As time steps go by, costs and revenues arise for each party of the supply 

chain. Costs include, purchasing costs, ordering costs, holding costs and stock out 

costs. These costs may belong to different parties of the supply chain according to 

the business model in effect. Stock out costs are different for each of the situations 

described above, that is quitting, waiting for the same product or replacing it with 

another brand. 

 In each time step following events occur: 

- Item replenishment for Distributors and Retailer is done. 

o Orders are given (depending on the order frequency) 

o Ordering costs occur. 

o Inventory of the distributors and manufacturers are decreased as much as 

orders. 

o Orders arrive at the end of the lead times. 

o Inventory of the related parties is increased. 

o Purchasing costs occur. 

- Customer – Retailer interactions. 

o Customers are created according to the number of the daily demand for 

each product. 
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o The customers who have chosen to wait in a previous time step are 

created. 

o Customers are sorted randomly to determine their order of arrival. 

o Customers arrive to the retailer one by one. 

o Customers buy their preferred product  if available. 

o If their preferred product is not available then, 

 Customers randomly decide their next action according to the 

predefined percentages.  

 Quit completely and do not buying anything. 

 Wait and come back again after a preset time interval. 

o However the customer cannot choose to wait one 

more time if he faces a stock out in his second trial 

as well. 

 Replace their item with one of the other two products. 

According to the the replace percentage matrix of that 

customer type. 

 Stock out costs occur. 

o Exit the system as a satisfied or an unsatisfied customer. 

- Holding costs occur. 

- End of the time step. 

These aspects of the model mentioned above are unchanged in both of the business 

models, namely RMI and VMI. In the next subsections RMI and VMI policies will 

be explained. 
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Retailer Managed Inventory Model 

 

RMI model is actually the traditional supply chain business model as given in Figure 

2. In the RMI model the distributors have no knowledge of the demand experienced 

by the retailer, retailer places orders every n
th

 time step, where n is preset by the user 

of the simulation. Retailer places the orders according to the actual demand that it is 

occurring. Retailer uses moving average of the last 30 time step while ordering, and 

multiplies the average order amount by n, in order to have enough stock for the next 

n time step. 

 As mentioned before the distributors do not recognize the actual demand in 

the retailer, therefore while ordering they employ the orders of the retailers in the last 

30 time steps instead of the demand itself. They also calculate the amount of their 

orders by using the moving average of the last 30 time steps.  

 Both the retailer and the distributors have their own storages that they keep 

their inventory in, and they share no information at all, except for the orders placed. 

If the distributor does not have enough stock in hand to fulfill an order, then they 

send all the products they have to the retailer, but the rest of the order is lost, in other 

words there is no backordering between the retailer and the distributor, which is 

meaningful in this scenario as it helps the brand competition to be further 

emphasized. 
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    Figure 2 - RMI model  

 

Vendor Managed Inventory Model 

 

In the VMI model describes in Figure 3, the retailer does not give any orders at all; 

the management of the entire order decisions is accomplished by the distributors. The 

VMI agreements between the retailer and each distributor are assumed to be intact 

when the simulation begins.  

Retailer shares the demand information with the distributors. It should be 

noted that each distributor can reach its own demand information, whereas the others 

are unreachable. Similar to the RMI model they again utilize a 30 time steps moving 

average method, but in this model distributors make use of the demand information 

shared by the retailer while placing their orders.  
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Distributors do not hold any inventory in their own storage, they send the 

orders they receive from the manufacturers directly to the retailer. In a way, they 

exploit the storage space of the retailer. However they also take charge of holding 

costs and ordering costs of the retailer concerning their own products along with the 

responsibility of the orders as well.   
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        Figure 3 - VMI model 

 

 

 

 

 

 

 

 

 



 

25 

 

CHAPTER 5: SENSITIVITY ANALYSIS 

 

In this study our primary aim is to analyze the value of information sharing in 

different scenarios through simulation experiments. We expect the value of 

information sharing to differ according to some input parameters, such as holding 

cost, stock out cost, demand variability, order frequency and lead times. With this 

motivation, we run the experiments for both our models, RMI and VMI, with 

different input parameters and compare them with our base case in order to analyze 

the change in the outputs hence the value of information sharing. 

Our experiments are run for 250 time steps, and they are replicated 15 times 

each. We have 3 different scenarios and 11 different cases one of which being the 

base case that we run in all 3 scenarios giving us a total of 33 distinct settings. All the 

settings that we examine and the explanation for each case are shown in Table 3. 
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Table 3 – Settings for Sensitivity Analysis 

 

In our first scenario, the distributors are completely identical, their products face the 

same end demand and they have the same purchase and sales prices. Both the retailer 

and the distributors order by calculating the moving average of the last 30 time steps. 

Retailer employs the last 30 time steps demand, and the distributors utilize the last 30 

time steps orders from retailers in the RMI model. In the VMI model the distributors 
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make use of the demand information and order in accordance with the last 30 time 

steps end demands, retailer does not give orders in VMI as mentioned before. 

Our second scenario has the same ordering scheme as the first scenario; 

however in this scenario we have dissimilar distributors. The purchase price and the 

sales price of the distributors are different, all three products are still substitutable, 

then again we assume them to have different prices as a consequence of marketing 

policies such as brand image. The end demands of all three items are modified 

according to their sales prices, we use a linear demand curve to calculate the end 

demands of the products. 

In the third scenario, we experiment with dissimilar distributors similar to the 

second scenario; however in this scenario the ordering policy is different than the 

first two scenarios. Instead of using moving average, fixed ordering policy is utilized. 

The retailer orders according to the mean of the demand without ever changing the 

order amount. Distributors still use the moving average in the RMI model since they 

have no access to the end product demand. In the VMI model the distributors use the 

fixed ordering policy as well as they can reach the demand information. 

 Input parameters for the base case of scenario 1, input parameters that are 

different in the base cases of scenario 2 and 3, and the input parameters that are 

modified for different cases are given in the Appendix-A.  

As mentioned before, these cases are run in all three scenarios to examine the 

effect of these parameters on the outputs for both RMI and VMI models in each 

scenario. Although the results of different scenarios cannot be easily compared for 

certain outcomes, the comparison is still beneficial for developing some intuitions. 



 

28 

 

CHAPTER 6: RESULTS 

 

The analysis and the comparison of the cases are mainly done according to the 

important performance measures of the supply chain. These performance measures 

are: the profit of the retailer, the profits of the distributors, the profit of the supply 

chain and the service level of the retailer; however we also examine some other 

performance measures such as various costs as well in order to better comprehend 

and explain the dynamics behind the main performance measures. 

After running each case for 15 times, besides the average values of the 

performance measures, we also present the percent relative errors under 95% 

confidence interval calculated by the formula, 

 

Where, n = 15, α = 0.05,  being the average value of the performance 

measures obtained after 15 runs and s being the standard deviation calculated by the 

formulas, 

 

 

With the intention of keeping the results simpler and easier to understand, the 

percent errors and standard deviations are presented in the Appendix-B along with 
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the values of outputs. It can be seen that all of the percent relative errors are below 

10% in order to reach this level of errors we have increased the replication numbers 

of some cases. Higher percent relative errors are anticipated while examining the 

profits in some cases because of the nature of the cases themselves, given that when 

a cost is increased greatly it results in higher variance in the outputs and since the 

revenue stays the same profits decrease and as a result of increased variance and 

lower profits, percent errors are expected to be higher.  

It should also be noted that we have two types of service levels, the service 

levels are calculated by the formula, 

 

Although the same formula is used in both types of service level calculations, 

in the first one we assume that in cases of customers asking for substitute products, 

customer is regarded as an unsatisfied customer for the product that he could not buy 

due to stock out and depending on whether he is satisfied or unsatisfied with the 

second product he asked for, he is regarded as a satisfied or an unsatisfied customer 

for the second product that he asked for as well.  

However while calculating the second type of service level that we define, we 

are only interested in the first product a customer asked for, and the customer is 

either considered as a satisfied or an unsatisfied for that product type, any actions 

after the first attempt of the customer to buy a product is ignored completely.  

The reasoning behind having two types of service levels is that in the first 

type of service levels, service levels are always very close to each other, since the 
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unsatisfied customers that buy the other products if available. This causes the 

satisfaction rates to get distributed among three products. The second type of service 

levels allows us to see the actual service levels for each product type. It should also 

be mentioned that these service level types are not in any means comparable with 

each other, they are two different definitions for the service level and each service 

level type is evaluated and analyzed within its own results. 

 The results for all scenarios are presented in Tables from 4 to 9, it should be 

noted that the results of the base cases are repeated in both tables for each scenario 

since most of the comparisons include the base scenarios. 

Table 4 – Results of Scenario 1 

 

 

Table 5 – Results of Scenario 1 Continued 

 



 

31 

 

Table 6 – Results of Scenario 2 

 

Table 7 – Results of Scenario 2 Continued 

 

Table 8 – Results of Scenario 3 
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Table 9 – Results of Scenario 3 Continued 

 

The interpretation of the results are categorized under five headings: general results, 

the effect of the holding cost and the stock out cost, the effect of the demand 

variability, the effect of ordering frequency and the effect of the lead times. 

 

General Results 

 

As a consequence of the VMI model that is proposed in this study, retailer profits 

increase in VMI model compared to the RMI model, and average distributor profits 

tend to decrease, this is because in the VMI model the holding costs and the ordering 

costs of the retailer belong to the distributors.  

Without doubt, this is just a certain type of VMI model, the agreement 

between the retailer and the distributor shapes the nature of the VMI model and 

various VMI models can be established. According to the VMI model in question, 

the results may be vastly different than the results of this VMI model. 

Service levels in RMI models are generally higher than the ones in VMI 

models with some exceptions. The details of these exceptions are given in the 
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relevant topics. The general tendency of RMI having higher service levels is a result 

of higher stocks in the RMI model in comparison with the VMI model.  

In addition, when total profit of the supply chain is examined in different 

cases, in most cases VMI is a better fit for a supply chain like the one proposed in 

this study. The main reason behind this outcome is that total holding costs of the 

supply chain is reduced, which leads to higher profits overall. There is only one case 

in which RMI is more profitable and a few other cases that RMI handles better, these 

cases is explained under the related headings. 

  

The Effect of the Holding Cost and the Stock out Cost 

 

The effect of the holding cost and the stock out cost are tested in the cases 1 and 2, 

and compared with the base case. It should be pointed out that the revenues are the 

same in all three cases of each scenario so although the profits are examined and 

analyzed, they are the exact indicator of the changing costs.  

Retailer profits for both RMI and VMI models of scenario 2 are plotted in the    

Figure 4.  
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Figure 4 – Retailer profits in cases 0, 1 and 2 of scenario 2 

Figure 4 shows a very specific case in which the RMI profit for the retailer is higher 

than the profits in VMI model. As the holding cost is decreased and the stock out 

cost is increased greatly as in case 2, RMI model becomes more profitable for the 

retailer than the VMI model. This can be explained by looking at the service levels in 

both models, it can be seen from the results that in general RMI cases have higher 

service levels than VMI cases, which suggests that in VMI cases stock outs occur 

more often, therefore VMI model is further affected by the changes in the stock out 

cost. 

 This result is reflected to the total supply chain profit as well making the 

whole supply chain more profitable by using the RMI model in the case 2 of scenario 

2. It should also be mentioned that in same case types of different scenarios 1 and 3 

the results are similar, although RMI model is never more profitable in those cases; it 

can handle the stock out cost increase better compared to the VMI model.  

  When case type 1 is compared with the base case, it is evident that VMI 

becomes a better fit for the supply chain, this is because in case type 1 the holding 

cost is increased while the stock out cost is decreased, and since the main cost type 

the RMI suffers is the holding cost because of the excessive inventory holding 
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required by the model itself, VMI is superior compared to the RMI considering the 

case in which holding costs are higher and the stock out cost is lower. Total supply 

chain profits for the same cases are presented in Figure 5. 

 
Figure 5 – Total supply chain profits in cases 0, 1 and 2 of scenario 2 

As for the distributors, average distributor profits are plotted in Figure 6. Average 

distributor profits for RMI are lower in the case type 1 as the holding costs are higher 

in that case and distributors mainly experience higher holding costs in the RMI case, 

however as the holding costs become lower and almost insignificant, the average 

profit of distributors in the RMI and the VMI models are almost the same, showing 

us that distributors are not greatly affected by the high stock out costs, but holding 

costs are a major type of cost for the distributors especially in the RMI model.  

 
Figure 6 – Average distributor profits in cases 0, 1 and 2 of scenario 2 
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It should be emphasized that same case types run in other scenarios reflect the same 

results as well but the scenario 2 is used as an illustrative example since it involves 

the most distinctive results. 

  

The Effect of Demand Variability 

 

Cases 3 and 4 are the cases in which the demand variability is tested, in the case 3 the 

standard deviation is zero for all demands and in the case 4 standard deviations are 

doubled creating a considerable variability in the end demand of the products. 

 As expected, when case 3 is in question for all three scenarios, the service 

levels become 100% since when the variability is taken to zero there is no space for 

mistakes in the replenishment processes, while this does not directly reflect to the 

profits of the supply chain. 

 Although the revenues are increased, the costs increase as well especially 

because of the unnecessary holding costs. When there is no variability in the demand 

at all, normally the members of the supply chain should be able to meet the end 

demand with very low stocks; however in our model since there are starting 

inventories which are not utilized during the simulation causes the profits to be lower 

than expected. 

The most remarkable result that we obtain in the case of zero demand 

variability is that in all three scenarios, the total supply chain profits of RMI and the 

VMI models are closer to each other than any other case as shown in Figure 7. In the 
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bases cases of all scenarios VMI model generates a higher profit than RMI model 

supply chain wise, so this result shows us that RMI model and VMI model has 

almost no difference supply chain wise in the absence of demand variability. 

 
Figure 7 – Total supply chain profits for both models in all scenarios in case 3 

In the first two scenarios where the replenishment model used is the moving average 

of the last thirty time steps, in the VMI model the average distributor profits are 

lower compared to the base cases as shown in Figure 8, the reason behind this 

counter intuitive situation is that the unnecessary inventory holding causes the 

distributors profit to decrease since all the holding costs belong to the distributors in 

the case of VMI. 

 
Figure 8 – Average distributor profits of VMI models for scenarios 1 and 2 for 

comparison of cases 0 and 3 

 



 

38 

 

In the third scenario, in which the fixed ordering policy is utilized, the average 

distributor profit increases unlike in the first two scenarios as shown in Figure 9. The 

reasoning behind this is that since fixed ordering policy does not work very well 

under the presence of demand variability, the holding costs of distributors in the base 

case are higher compared to the zero demand variation case. 

 
Figure 9 – Average distributor profit of VMI model of scenario 3  

In the case 4 when demand variability is doubled, the total supply chain profit for 

both the RMI and the VMI models decrease as expected as shown in Figure 10. The 

service levels of the supply chain decrease as well, especially in the third scenario as 

presented in Figure 11. 

 
Figure 10 – Total supply chain profit of scenario 3 for comparison of cases 0 and 4 
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Figure 11- Service levels (Type 1) of Scenario 3 for comparison of cases 0 and 4 

Even though the type 1 service level of scenario 3 is the only result illustrated in the 

figure, the results for other scenarios and the other service level type are also 

consistent with this structure. 

In the scenario 1 and 2, the decrease in the profit of the supply chain of the 

VMI models are less than the decrease in the RMI models, advising that the VMI 

model can handle the increased variance better than the RMI model when moving 

average replenishment policy is in effect. On the other hand in the third scenario, 

where fixed amounts are ordered every time, the VMI model suffers from a greater 

loss profit wise compared to the RMI model. This suggests that while deciding on the 

model, the replenishment policy is a key decision.  

The Effect of Ordering Frequency 

 

Case 5 is related to the ordering frequency of the retailer and in cases 6 and 7 

ordering frequency of the distributors are changed for trial. 
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 When the results of the case 5 are examined in which the retailer orders less 

frequently, total profit of the supply chain is lower in the RMI models when the 

ordering frequency of the retailer is increased as shown in Figure 12, for the VMI 

models the profit remains the same as illustrated in the Figure 13 since the retailer 

does not give any orders in the VMI model. 

 
Figure 12 – Total supply chain of profit in RMI models for all scenarios for 

comparison of cases 0 and 5 

 

 

 
Figure 13 – Total supply chain of profit in VMI models for all scenarios for 

comparison of cases 0 and 5 

 

The decrease in the total supply chain profits while comparing the base case and the 

case  5 can be easily explained by the lower service levels while comparing two 

cases as shown in Figure 14. 



 

41 

 

 

 
Figure 14 – Type 1 service levels of product 1 in RMI models for all scenarios for 

comparison of cases 0 and 5 

 

The service levels for only one product are introduced in the figure as the other 

results are also consistent with this one. It is not possible to observe the same ratio of 

change in the type 2 service levels, this is due to the fact that in service level type 1 

the effects of the brand competition is included as mentioned before, a customer can 

be an unsatisfied customer for more than one time in the first type of service level.  

 When type 2 service levels are examined, there are slight decreases when case 

5 is compared to the base cases for all scenarios. 

When ordering frequency of all products is increased, the stock outs occur 

more often causing the customers to try to satisfy their demands by substitute 

products, thus retailer runs out of all three product types even faster than it would 

normally do resulting in lower service levels for each product type.  

 As a consequence every manufacturer has a hard time meeting up with their 

own demand once the retailer runs out of a certain product. Given that the only input 

the manufacturers have is the order amounts from the retailer in the RMI model.  
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As the ordering frequency of the manufacturers are increased (case 6), so that 

they give orders less frequently in the RMI model the supply chain profits drop, 

however in the VMI model the profits almost stays the same, in the scenario with the 

fixed orders, profits stay almost the same in both RMI and VMI models (see Figures 

15 and 16). 

 
Figure 15 – Total supply chain profit of the RMI model for comparison of 

cases 0 and 6 

 

 

 

 
Figure 16 – Total supply chain profit of the VMI model for comparison of 

cases 0 and 6 

 

The decreased RMI profits in the first and second scenario are an expected result 

with the same reasoning mentioned in the case of increased retailer ordering 

frequency; however in the third scenario profits stay the same, the cause for this 
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result is most likely that higher order amounts work better with the fixed ordering 

since it fails to capture the changes in the demand, larger order lots can make up for 

the loss that is caused by the increased order frequency in the scenario with fixed 

ordering. 

When VMI results are examined, since VMI can handle the increased order 

frequency better due to its more flexible nature, as seen in all the scenarios, the 

profits are either the same or very slightly increased. Since there is fixed ordering 

cost no matter what the order size is, distributors profits increase because of ordering 

less frequently.  

In the case 7, where the manufacturer order more frequently in smaller lots, 

the service levels are increased for all scenarios (see Figure 17).  

 
Figure 17 – Type 1 service levels of the RMI model of Scenario 1 for 

comparison of cases 0 and 7  

 

 

While only type 1 service level of the RMI model of the scenario 1 is presented in 

the figure, all of the other results are consistent with this one, in all of the scenarios 

and all of the models service levels increase when the ordering frequency of the 



 

44 

 

manufacturers are lower which means that they order more frequently, which is an 

expected outcome. 

   When the total supply chain profits are examined, because of the fixed 

ordering cost mentioned above the profits tend to decrease especially in the VMI 

model as shown in Figure 18. Although an increase in profit is expected as lot sizes 

get smaller and orders are more frequent, fixed ordering cost in our model caused the 

results to be opposite of what is typically expected. 

 

 
Figure 18 – Total supply chain profit in the VMI model of all scenarios for 

comparison of base case and case type 7 

 

The Effect of Lead Times 

 

The effects of the lead times are not very significant in our model since we did not 

use stochastic lead times in our model, and with fixed lead times the only results are 

the ones that are expected. Higher lead times whether it is between the retailer and 

the distributor or the distributor and the manufacturer generally resulted in small 
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decreases in the total supply chain profit, and lower lead times between the 

distributor and the manufacturer increased the profits slightly.  

 Figure 19 shows the total supply chain profits of VMI models in all scenarios, 

for increased lead times (cases 8 and 10). Results of the RMI model are also coherent 

with results of the VMI results.  

 
Figure 19 – Total supply chain profits in the VMI model of all scenarios for 

comparison of cases 0, 8 and 10 

 

 

In Figure 20, base case is compared with the case 9 in which lead times are lower 

compared to the base case and minor increases in the results of the RMI model is 

presented in the figure this time; however the results of the VMI model are consistent 

with the illustrated results of the RMI model as well. 

 
Figure 20 - Total supply chain profits in the RMI model of all scenarios for 

comparison of cases 0 and 9 
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CHAPTER 7: CONCLUSION 

 

In this study we simulated a supply chain model in which competition exists among 

three different brands using agent based modeling and we assessed the suitability of 

RMI and VMI models in such a supply chain with the help of this simulation model. 

We also aimed to find the effects of different input parameters on the performance 

measures of the simulation. 

After examining and analyzing the outputs of our settings in sensitivity 

analysis, we found out that VMI model that we have proposed is in general a better 

fit for a supply chain of this kind, but it should be mentioned that the implementation 

part of the VMI model is also very significant element and we assumed to have an 

intact VMI relationship between the members of the supply chain. We also 

discovered that RMI model becomes more appropriate for our supply chain model, in 

the case of increased stock out costs.  

We concluded that a supply chain that is using VMI model has less troubles 

dealing with the variations in demand and high holding costs. Another result that we 

found out is that the ordering frequency is a major decision in both RMI and VMI 

models in the existence of fixed ordering costs like in our supply chain. We 

determined that variations in the lead times provided that lead times are stochastic 

like in our model, they have little to no effect in the performance measures. 

Our model is limited by having three manufacturers, three distributors and 

one retailer; also we used only one type of demand distribution. The replenishment 

methods utilized in our model relies on the orders and the demands. 



 

47 

 

As further studies, a generic model to compare the RMI and VMI systems can 

be developed. The addition of multiple demand distributions to the model can make 

the model more useful and lastly continuous review models for replenishment 

processes which take the current inventories into account can reveal other essential 

results. 

       

 

 

     

 

 

 

 

 

 

 

 

 

 

 

 



 

48 

 

APPENDIX A 

Input Parameters 

 

General Parameters for Base Case of Scenario 1 

Demand of the first product (units) 40 

Demand of the second product (units) 40 

Demand of the third product (units) 40 

Standard deviation of the demand of the first product (units) 10 

Standard deviation of the demand of the second product (units) 10 

Standard deviation of the demand of the third product (units) 10 

End of simulation (time steps) 250 

Replication number  15 

 

Parameters Related to Customers for Base Case of Scenario 1 

Number of customer segments 3 

Customer waiting time (time steps) 2 

Probability of customer being from the first segment 33% 

Probability of customer being from the second segment 33% 

Probability of customer being from the third segment 34% 

 

Customer Decision Matrix Values of First Customer Segment for Base Case of 

Scenario 1 

Probability of waiting for the product 70% 

Probability of asking for another product 20% 

Probability of quitting without buying any product 10% 

 

Customer Decision Matrix Values of Second Customer Segment for Base Case of 

Scenario 1 

Probability of waiting for the product 70% 

Probability of asking for another product 20% 

Probability of quitting without buying any product 10% 
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Customer Decision Matrix Values of Third Customer Segment for Base Case of 

Scenario 1 

Probability of waiting for the product 25% 

Probability of asking for another product 50% 

Probability of quitting without buying any product 25% 

 

 

Parameters Related to the Retailer for Base Case of Scenario 1 

Sales price of product 1 (per unit) 10 

Sales price of product 2 (per unit) 10 

Sales price of product 3 (per unit) 10 

Ordering cost (per order) 30 

Holding cost (per unit  per time step) 0.5 

Stock out cost of customer quitting (per each quitting 

customer) 0.5 

Stock out cost of customer waiting ( per each waiting 

customer) 0.5 

Stock out cost of customer replacing (for each replacing 

customer) 0.5 

Starting inventory of product 1 (units) 200 

Starting inventory of product 2 (units) 200 

Starting inventory of product 3 (units) 200 

Ordering frequency of product 1 (time steps) 1 

Ordering frequency of product 2 (time steps) 1 

Ordering frequency of product  3 (time steps) 1 

 

Parameters Related to the Distributor 1 for Base Case of Scenario 1      

Sales price (per unit) 7 

Ordering cost (per order) 20 

Holding cost (per unit  per time step) 0.5 

Stock out cost (per unit) 0.5 

Starting Inventory (units) 100 

Ordering frequency (time steps) 3 

Lead time (time steps) 1 
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Parameters Related to the Distributor 2 for Base Case of Scenario 1      

Sales price (per unit) 7 

Ordering cost (per order) 20 

Holding cost (per unit  per time step) 0.5 

Stock out cost (per unit) 0.5 

Starting Inventory (units) 100 

Ordering frequency (time steps) 3 

Lead time (time steps) 1 

 

 

Parameters Related to the Distributor 3 for Base Case of Scenario 1     

Sales price (per unit) 7 

Ordering cost (per order) 20 

Holding cost (per unit  per time step) 0.5 

Stock out cost (per unit) 0.5 

Starting Inventory (units) 100 

Ordering frequency (time steps) 3 

Lead time (time steps) 1 

 

Parameters Related to the Manufacturer 1 for Base Case of Scenario 1 

Sales price (per unit) 3 

Starting inventory (units) 100000 

Lead time (time steps) 2 

 

Parameters Related to the Manufacturer 1 for Base Case of Scenario 1 

Sales price (per unit) 3 

Starting inventory (units) 100000 

Lead time (time steps) 2 

 

Parameters Related to the Manufacturer 1 for Base Case of Scenario 1 

Sales price (per unit) 3 

Starting inventory (units) 100000 

Lead time (time steps) 2 
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Input Parameters Which Are Different in Base Cases of Scenario 2 and 3 

Demand of product 1 (units) 40 

Demand of product 2 (units) 50 

Demand of product 3 (units) 60 

Standard deviation of the demand of product 1 (units) 10 

Standard deviation of the demand of product 2 (units) 12.5 

Standard deviation of the demand of product 3(units) 15 

Sales price of product 1 in retailer (per unit) 15 

Sales price of product 2 in retailer (per unit) 12 

Sales price of product 3 in retailer (per unit) 10 

Sales price of product 1 in distributor (per unit) 10.5 

Sales price of product 2 in distributor (per unit) 8.4 

Sales price of product 3 in distributor (per unit) 7 

Sales price of product 1 in manufacturer(per unit) 4.5 

Sales price of product 2 in manufacturer (per unit) 3.6 

Sales price of product 3 in manufacturer (per unit) 3 

 

Adjusted Input Parameters in All Case Types 

Case 1 

Holding cost for retailer and distributors= 1, Stock out cost for 

retailer and distributors = 0.1 

Case 2 

Holding cost for retailer and distributors = 0.1, Stock out cost for 

retailer and distributors = 10 

Case 3 Standard deviation of all demands = 0 

Case 4 Standard deviation of all demands are doubled 

Case 5 Order frequency of retailer for all products = 2 

Case 6 Order frequency of all distributors = 4 

Case 7 Order frequency of all distributors = 1 

Case 8 Lead time of all distributors = 3 

Case 9 Lead time of all manufacturers = 1 

Case 10 Lead time of all manufacturers = 4 
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APPENDIX B 

 

Results of Experiments 

 

Case #1 
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Case #2 

 

 

Case #3 
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Case #4 

 

 

Case #5 
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Case #6 

 

 

Case #7 
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Case #8 

 

 

Case #9 
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Case #10  

 

 

Case #11 
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