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Abstract. There are a lot of inventory management models. Some of them are 

extremely popular and analyzed by researchers quite often, some of them are left 

behind the topic. Some inventory management models focus on order planning 

techniques, others on responsibilities of order placement or stock allocation 

among warehouses. The traditional inventory management model between seller 

and buyer is called a two-tier model and is the simplest order placement way. It 

tells which party has the right to manage inventory and fulfil stock under agreed 

terms and conditions. Based on the roles, these methods are classified and help to 

improve the availability of the products, increase sales, and freshness with the 

lowest possible level of inventory throughout the supply chain and costs. A 

review of models will be presented seeking to extend the knowledge about 

inventory management in the supply chain. A revision is combined with the 

empirical part, under which by analyzing educational tool and its application in 

students’ classes some interesting results were gathered. Further, the methods 

covering the learning of the inventory management process is compared, and a 

new learning approach is proposed. Finally, findings, limitations, and future 

research directions are presented at the end of the paper. 
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1. Introduction 

There are many literature sources on inventory management as the role of inventory 

is becoming increasingly important in today’s competitive market. Efficient supply 

chains or networks compete successfully in the global market. Finally, the race for a 

lower price dictates reducing stocks as much as possible. On the other hand, such 

reduce service levels and increases the level of lost sales and costs. 

The best way to present the supply chain is to show students the effect of 

coordination and collaboration with chain partners, which can be suppliers, 

wholesalers, retailers, and customers. Such stimulates active learning process, and 

the knowledge is absorbed faster than using standard multimedia materials (slides, 

video, books, etc.). 

In summary, the complex inventory management process must be presented in 

the easiest way that gives students an understanding of how inventory management 

works in the supply chain and allows to learn from their mistakes during the 

practical training. 

2. Inventory Management Models in Supply Chain 

Four inventory management models define the roles of buyer and seller. In supply 

chain management the most often is used BMI model, according to which the buyer 

orders products from the seller. The buyer is placing an order to the seller following 

up-to-date sales information. By placing the order buyer must meet minimum order 

quantity requirements, which sometimes mean full loads but not always.  

The second inventory management model is VMI, according to which the seller 

(vendor) decides on order quantity by using sales data from the buyer and places the 

order on behalf of the buyer. 

As for the stock management models, the following four models can be 

considered: 

• BMI (Buyer Managed Inventory): model mostly used in the replenishment 

process, in which the customer has stock control and plans his purchases. 

• VMI (Vendor Managed Inventory): Orders are processed by suppliers without 

the customer having to approve the order, as is the case with VRI. The difference 

lies in the fact that in the (purely) VMI model, orders require more planning, 

namely for certain areas or seasonal periods. 

• CMI (Co-Managed Inventory): the supplier sends an order proposal with 

defined quantities for each of the products. The final decision is up to the customer 

as he will have to approve the order or not. 

• VRI (Vendor Replenished Inventory): orders are processed by suppliers, 

without the customer having to approve the order. 

Despite the existence of these models, it is common to designate the CMI and 

VRI models with the term VMI, since the supplier is responsible for the supply 

process. 
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In the VMI model case, the system focuses on a strategic decision in which the 

majority of departments in the organization (logistics, planning, sales, and 

marketing) is involved. It is, therefore, necessary to use a holistic approach to 

strategy, products, and communication. Cooperation is the main success factor for 

the usage of the VMI model. Buyers and sellers must enter the VMI for 

multidisciplinary work teams to collaborate, understand the needs and requirements 

of partners and search for “win-win” solutions together. 

In the case of VMI, buyers usually define products range and plan-o-grams and 

allow the sellers to be responsible for stock replenish. Some VMI scenarios are even 

running further: buyers allocate shelf space and allow manufacturers to plan the 

product range and fulfil shelves without additional quantities. This is the main 

outcome for VMI manufacturers to control all marketing decisions at the points of 

sale. 

During empirical research, the author will investigate the VMI model and present 

outcomes of what is covered under the Beer game simulation tool that is used for 

students active learning. 

3. Methods Used for Learning: Active and Passive 

Several methods are used during the learning process. Active learning techniques 

are based on a query-response mechanism. They interact iteratively with the 

operating system, sending inputs (requests) and monitoring outputs (responses) and 

concludes on hypothetical models based on interactions. Such a method guarantees 

the revision of the behaviour of supply chain partners which act according to the 

assumption that counterexamples distinguish a hypothetical model of the system 

can be found during the inventory management experiments. 

However, the number of test sequences required is growing exponentially 

depending on the number of supply chain partners. The performance of such a large 

set of tests sequences are very time consuming but reflects the full behaviour of the 

operating system. Hence, the application of active learning in practice leads to 

trade-offs effectiveness and coverage of behaviour. 

Passive learning methods conclude models from the set of execution logs. 

Because they meet the limited number of uses, learning outcomes are also available 

in a limited way. In addition, these methods introduce overestimation, making it 

difficult to learn complete system behaviour. 

The comparison of active and passive learning is provided in Table 1 below. 
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Table 1: Comparison of active and passive learning 

Learning type Analytical category 

Active 

Action-based The behaviour of supply chain partners 

The level of analysis Two-echelon function 

Process 
Demand management, Stock Management, 

Order placement, Order Delivery 

Process and supply 

chain modelling 
System Dynamics 

The modelling 

techniques 

Queuing modelling, Simulation of System 

Dynamics 

Passive 

The purpose of the 

method 
Descriptive 

The type of model 
An analytical or mathematical programming 

model 

 

Presented learning methods are adopted to cover supply chain modelling, which 

is investigated to include aspects of inventory management. For Table 1 active 

learning method is pre-dominant comparing to the passive learning method, as 

covers much more analytical categories which are presented for students in a more 

detailed way. 

4. Learning Approach  

A large gap exists between theory and practice talking about the complexity of 

inventory management. Due to that, it is good to present to students how the system 

works, and stock is managed by applying the classic ‘BeerGame’ simulation tool, 

which represents the BMI model. 

In Table 2 there are presented references that analyze stock management and 

delivery processes in the supply chain. 

Table 2: The application of supply chain processes  

Processes Stock management Order delivery  

Authors  Devika et al. 2016; Gao et al. 

2013; Jun et al. 2015; Kuo 2001; 

Lawrence et al. 2002; Zhang et al. 

2014   

Ahmadizar et al. 2015; Cai et al. 2015; 

Karakatic et al. 2015; Kumar et al. 2014; 

Liu et al. 2014; Mohr 2014; Pierre et al. 

2014; Psychas et al. 2015; Zhang et al. 

2014 

 

According to the papers, it is difficult to represent how the system works for 

beginning practitioners. The learning approach involves action-based learning 

through simulation. 

Simulation of events, processes, or pattern of things that are or may exist is 

presented by Feldman (1995). There are a lot of different models, which can be 

widely used. Visual models can give better graphical representation (Magee, 2006). 

A model is used for simulation that is different from those of other dynamics. By 

simulating the operation of the system model displays and allows to monitor 
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changes depending on various parameters at a single point of time (Magee, 2006), 

to construct a situation that reflects the everyday problems, constraints, and 

resources (Jiwa et al, 2004). 

Authors also use games and simulations to evaluate the effectiveness of different 

attempts (Taylor et al., 1972, Wolfe et al., 1998; Feinstein, 2001; Bagdonas, 2002). 

The mentioned authors indicate different attributes of the simulation, but most of 

them agree that imitation should reflect the real situation and to be active, dynamic. 

According to Magee (2006), the simulation demonstrates its benefits: 

•The risk-free environment. Solutions developed in a way that does not have 

consequences. Experimentation. Students involved in experimentation can 

change both their behaviour and the model parameters and monitor the 

resulting changes in the simulation system; 

•Problem-solving. Simulators allow to deal with problem situations and take 

responsibility for the consequences of decisions made; 

•Evaluation. Visible consequences of the decisions made. 

•Other authors (Taylor et al, 1972) points out the features of the simulation: 

•Simulation technique encourages activities that are representative of a 

generalized approach to the situation; 

•Simulation is usually based on the problem; 

This technique is dynamic. The simulated situation is changing, adapting to 

circumstances. 

Taylor et al. (1972) identified three main types of simulation: role-playing game 

simulation, and computer simulation. 

Several authors (Thompson et al., 1997; Jenning, 2002; Bagdonas, 2002; Adobor, 

2006) is discussing the advantages and disadvantages of imitation. Simulation 

provides the benefit on a variety of perspectives: 

•First, imitation helps to make strategic decisions in applying the principles that 

have been theoretically analyzed. 

•Second, compared with the traditional case analysis, simulation can be the better 

method of analysis (Jennings 2002). However, the simulation must be 

realistic. 

A behavioural simulation forces students to act on the supply chain situation. The 

circumstances may be related to a business situation, or to support other 

environments. Situations are cognitive (cognitive) going on to understand the key 

business events, facts and concepts in a way that can make decisions. Later 

cognitive skills are required to transform the simulation results into the right 

decisions and strategies. 

While the tradition of simulation is old in the world, in Lithuania the method is 

introduced relatively recently. Business simulation games in Lithuania are 

examined by Bagdonas (2002), and others. Čiegis (2005) are analyzing simulation-

based business games. Bagdonas (2002) analyzed the computerized business games, 
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methodological and practical aspects of the recovery, with a focus on enterprise-

wide, rather than individual features during games. Still, among named works, there 

is a lack of attention for simulation models used in the supply chain. 

The simulation model used to analyze real situations is well-known as the time-

horizon models. Many factors can be incorporated in time models, such as order 

placement, order fulfilment, order delivery in the supply chain. Some time models 

estimate the time required to complete tasks (Cormier 2005). Finally, results of the 

performance during the time horizon period are analyzed seeking to minimize the 

influence of inefficiency that is represented as costs of all supply chain partners and 

for each of them individually. 

The beer game makes it possible to understand the problems in the supply chain 

in the absence of coordination, systematic thinking and planning. The game reveals 

the benefits of information sharing, supply chain management, collaboration for 

business. 

5. Methodology and Empiric Research 

Six students’ groups applied the Beer game tool for inventory management. Each 

group consisted of four players in different roles: producer (manufacturer), 

distributor, wholesaler, and retailer.  

Each actor in the supply chain could manage only part of its supply chain, but its 

actions, it can have a significant impact on the entire supply chain by ordering too 

many or too few goods. Manufacturers, suppliers, vendors, and customers often 

have a perception of what real demand is. The start of demand depends on a buyer 

whose purchase is often difficult to predict.  

For each group, the planning horizon for demand was 20 weeks. In total students 

generated 120 data sets. Each data sets included information about current stock, 

backlog (not fulfilled demand), placed order, current demand, and calculated costs. 

The costs for having backlog is penalized by 50 Eur and the costs for having 

overstock – 20 Eur. 

The correlation revision was used to revise results and the number of periods 

after which the effect is evident. 

All data sets converted to logarithmic values (DLOG) and correlation is provided 

for them. The distributor profile is presented below in Table 3. It shows the impact 

of distributor backlog to other distributor logarithmic data sets. 
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Table 3: The distributor profile 

Elements of statistical analysis DLOG(DB) DLOG(DC) DLOG(DC(-2)) 

DLOG(DC)  
Correlation coefficient 0,53 1  
Probability 0,01 -----   

DLOG(DD)  
Correlation coefficient 0,48 0,22 0,24 

Probability 0,02 0,29 0,26 

DLOG(DD(-1))  
Correlation coefficient 0,18 0,49 -0,09 

Probability 0,40 0,01 0,65 

DLOG(DD(-2))  
Correlation coefficient 0,43 0,06 -0,17 

Probability 0,03 0,76 0,41 

DLOG(DO)  
Correlation coefficient 0,02 -0,08 0,41 

Probability 0,89 0,70 0,04 

Herein: DB - Distributor backlog, DO - Distributor order, DD - Distributor demand, DC - Distributor 

costs 

The backlog of the distributor affects its costs, order, and demand of the current 

period and on-demand of two in the row upcoming periods. This relationship could 

be explained as the backlog hurting costs. 

Table 4: The manufacturer profile 

Elements of statistical analysis DLOG(DB) DLOG(MB) DLOG(MB(-1)) 

DLOG(MB(-1)) 
Correlation coefficient -0,92 -0,70 1 

Probability 0,02 0,18 ----- 

DLOG(MB(-2)) 
Correlation coefficient 0,93 0,79 -0,78 

Probability 0,02 0,10 0,11 

DLOG(MC) 
Correlation coefficient 0,60 0,91 -0,63 

Probability 0,28 0,02 0,24 

DLOG(MC(-2)) 
Correlation coefficient 0,84 0,28 -0,71 

Probability 0,07 0,64 0,17 

DLOG(MD) 
Correlation coefficient 0,93 0,72 -0,9 

Probability 0,01 0,16 0,00 

DLOG(MD(-1)) 
Correlation coefficient -0,87 -0,42 0,90 

Probability 0,05 0,47 0,03 

DLOG(MD(-2)) 
Correlation coefficient 0,85 0,46 -0,76 

Probability 0,06 0,42 0,13 

Herein: MB - Manufacturer backlog, MD - Manufacturer demand, MC - Manufacturer costs 

The backlog of the distributor harms the manufacturer’s backlog and demand for 

the upcoming period. The relationship is explained because the distributor to 

compensate backlog place the order to manufacturer the same period when backlog 

appears.  
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From Table 4, we see that manufacturer reacts to distributor backlog in the first 

or the second upcoming period. 

Table 5: The wholesaler profile 

Elements of statistical analysis DLOG(DB) DLOG(WD) 

DLOG(WD) 
Correlation coefficient -0,83 1 

Probability 0,0 ----- 

DLOG(WO(-1)) 
Correlation coefficient 0,57 -0,66 

Probability 0,08 0,03 

DLOG(WO(-2)) 
Correlation coefficient 0,03 0,19 

Probability 0,91 0,59 

DLOG(WO(-3)) 
Correlation coefficient 0,73 -0,70 

Probability 0,01 0,02 

Herein: WO – Wholesaler order, WD - Wholesaler demand 

The backlog of the distributor has a link with wholesaler demand and order in 

several periods. The link with wholesaler demand is negative. 

 

 

Table 6 – The retailer profile 

Elements of statistical analysis DLOG(DB)  DLOG(RC)  DLOG(RC(-3))  

DLOG(RC) 
Correlation coefficient 0,38 1  

Probability 0,04 -----   

DLOG(RC(-3)) 
Correlation coefficient 0,44   

Probability 0,01   

DLOG(RD(-1)) 
Correlation coefficient -0,26 -0,55 -0,33 

Probability 0,18 0,00 0,08 

DLOG(RD(-2)) 
Correlation coefficient 0,34 0,01 0,60 

Probability 0,08 0,95 0,00 

Herein: RC – Retailer costs, RD - Retailer demand 

The link between distributor backlog, retail costs and demand exists and is 

evident in three periods, because the lead-time between order and delivery is 2 

weeks. 

Overall, there are clear relationships in various time periods, which represent 

additional system behaviour aspects evident in different roles in the supply chain. 

6. Concluding Remarks 

The inventory management topic is quite old, however, there is a lack of literature 

about four inventory management models to which attention was given in this paper. 
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The author also taught the topic about learning which is especially important for 

students, seeking practical knowledge about inventory management and behaviour 

about supply chain partners in their role fulfilment. In the paper, the author 

compared active and passive learning and concluded that active learning is highly 

recommended for learning complex things and concepts. In the paper also learning 

approach via simulation was investigated and presented by demonstrating the 

benefits of active learning tool, one of which is the simulation technique. 

The empirical research defines links that are important during inventory 

management. And it presents more additional information, which could be included 

in the demonstration of the Beer game tool as supportive data which clarify more 

deeply the inventory management process.  

The author presented four profiles in empirical research: the profiles of the 

manufacturer, distributor, wholesaler, and retailer and links between their actions in 

demand planning, order placing, costs minimization. The research has some 

limitations: only a backlog of the distributor was investigated by leaving other 

analytical elements behind. In future studies, many other relationships could be 

investigated and presented. 
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