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 In this paper Monte Carlo simulation was used to investigate the effect of different input variables 
along with their simultaneous inherent uncertainties on inventory planning decision. It also shows 
how Monte Carlo simulation can be used as a support for inventory planning decision considering 

heteroscedastic business environment. 



 i 

  

This page intentionally left blank 



 ii 

 
Abstract: 

Inventory planning is one of the most crucial business processes for healthy cash flow 

management. Such planning, harmonized with product demand, not only increases the 

turnover but also helps company to gain strategic advantages over the competitors. 

However, the complexity of inventory planning becomes obvious due to different 

imperfect input information. Such imperfections are originated from uncertainties in 

demand, lead time, batch yield, etc. to name a few. Proper knowledge on the 

relationships and associations of these uncertainties with total stock level under 

stochastic environment is therefore very crucial for an inventory planner to take better 

decision.            

In this paper Monte Carlo simulation was used to investigate the effect of different input 

variables along with their simultaneous inherent uncertainties on inventory planning 

decision. According to the study, heteroscedastic nature of demand, service level and 

lead time were found to be having profound influence on inventory planning decision. It 

also shows how Monte Carlo simulation can be used as a support for inventory planning 

decision considering heteroscedastic business environment. Based on hypothesis 

testing at 5% significance level, Monte Carlo based periodic review model was found to 

be very effective support for inventory planning decision leading significant stock 

reduction while meeting expected demand.    
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Chapter 1. Introduction  

1.1. Introduction: 

Inventory planning is one of the crucial decision making processes in a production 

based organization. The primary outcome of this business process is the decision of 

total stock level for each product in concern. Total stock level plays important role in 

improving the bottom line and cash flow management of the organization (Belvardi 

2012). However, there are different uncertainties and requirements need to be 

addressed to perform inventory planning (Altug and Muharremoglu 2011).  The 

underlying problem an inventory planner would face for addressing these is in three 

folds: 

 100% data driven deterministic inputs to cater those uncertainties and 

requirements are often not feasible due to different infrastructure and 

management policies of an organization. As result experience based range of 

inputs are inevitable. But using deterministic mathematical model, such range of 

experienced based inputs cannot be utilized. Therefore, single best guess input 

appears to be the only option to opt for.    

 There might be relationship and associations exist among different needs and 

uncertainties and their influence on total stock level decision under stochastic 

environment. However, these may not be clearly visible from generally available 

data. Discovery and clear understanding of those relationships and associations 

are highly desirable to gain sufficient insight before strategically defining the 

total stock for a product. 

 A logical relationship should be there to link the parameters associated with 

identified needs and uncertainties which would define the total stock level. 

When such link is established, with due management control, optimization of 

total stock level becomes feasible.  

Should there be a mechanism or model to cater aforesaid problem of a typical inventory 

planner, inventory management decision would be much harmonized in meeting 

expected demand and thus would prove beneficial to the bottom line and cash flow 

management of the company.  

In case of considering both experience based and data driven range of inputs with 

estimated probability, Monte Carlo Simulation (MCS) is a very effective and established 

popular choice (Lehman et al 2011). It is most common numeric method that takes 

input variables with given probability distribution and describe probabilistically the 

outcome of decision problem (Lehman et al 2011, Yoe 2011).  As a result, after defining 

a mathematical relationship between output and input, we can easily obtain a range of 

probable outputs along with different sensitivity analysis from input variables with 
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predefined probability distribution (Adela-eliza and Simona 2011, Albright et al 2010, 

Vose 2008) 

As such, it is worthy to study and understand how Monte Carlo simulation can benefit 

and support to address the aforesaid problem for better inventory planning decision. 

1.2. Background:      

This paper was inspired by the business case scenario of the Case Company where there 

were several risks and opportunities instigating for an efficient inventory planning. 

While offering a baseline to start with, forecasting always comes with certain level of 

error or inaccuracy. Alongside, there are production and quality lead time with certain 

allowance for variability, product yield and its variance, determination of service level 

for products based on their contribution to sales and importance of market presence 

etc. Considering all these, it is a real challenge for an inventory planner to ensure that 

the available finished stocks are in line with the expected market demand with 

minimum or no stock-out situation. 

In this paper, we considered a high level centralized single stage inventory planning 

scenario (Figure 1-1). In this scenario, distribution center is the primary customer for 

central warehouse.  The inventory planner gets the marketing forecast of aggregated 

monthly demand for all products of all distribution centers. From there, s/he needs to 

decide a certain inventory level at the central warehouse for each product considering 

several business needs and uncertainties (discussed later). Based on this inventory 

level, a production plan is generated for execution of actual monthly production at the 

factory level. 

Factory
Central 

Warehouse
Distribution 

Center

Manufacturing Site

 

Figure 1-1: Single Stage Inventory Management Scenario 
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1.3. Brief Description of Problem: 

Our Case Company is a top ranked (4th) pharmaceutical company in Bangladesh. It 

operates under generic market with both local and global presence. Although the 

company was enjoying steady sales growth in the beginning of its journey, it was 

experiencing declination of that growth for last couple of years. Comparison of financial 

performance analysis revealed that, its close competitor and market leader (in terms of 

sales in the same market environment), was enjoying steady growth rate. Further 

analysis unfolds that, the market leader was strictly managing its inventory and its 

average inventory turnover ratio was about 1.5 times of our Case Company. The average 

growth of inventory for the Case Company was 25% annually whereas it was about 12% 

for the market leader. The Case Company’s cash operating cycle was 1.68 times higher 

than that of the market leader. The cash operating cycle is summation of days of 

inventory in hand and days required for collecting the receivable; the smaller the 

operating cycle, the better the management of inventory and credit. Finally the total 

asset turnover ratio analysis indicated that performance was gradually declining for our 

Case Company where it was relatively stable for the market leader. The total asset 

turnover ratio analysis indicates how total asset of a company is being engaged to 

generate sales. From the latest annual report, we came to know that our Case Company 

had to invest on new production facility along with different warehouses and depots for 

better inventory management.  

From the aforesaid financial analysis, we found a clear indication that the Case Company 

was holding more inventory as compare to that the market leader. But that inventory 

was not turned over as fast as expected. Finally from in depth interview with the 

concerned personnel of the Case Company, we came to know that, the inventory of the 

finished goods stock was being managed mostly by deploying experience based manual 

control from case to case basis while performing inventory management and 

production planning. During such planning, measures were motivated by three 

experience driven guidelines: 

 Target finished goods stock level ≈ 3 x Expected Monthly Demand  

 Production Plan ≈ 3 x Expected Monthly Demand – Current Month’s Opening 

Stock  

 Current Month’s expected Closing Stock ≈ 2 x Expected Monthly Demand.  

Earlier the number of the products was small and such process of inventory 

management worked well (the sales growth was steady in the early stage). But later 

with the business growth, there were more than 1,200 products for every month’s 

production planning and there was no clear prioritization set for those products for 

effective inventory decision making. Thus it was obvious that manual control for such 

huge number of products was not the best option, given the reflection of inventory 

management history as portrayed through annual reports. So, there was an obvious 

need for better inventory management system which could help the company setting 
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minimum inventory level while offering a better harmony with the expected demand 

and offloading rigorous dependency on limited human ability. 

     

1.4. Business Needs & Uncertainties: 

Considering Case Company’s scenario as a typical business scenario for inventory 

planning, following aspects are worth considering for better inventory planning system. 

1.4.1. Prioritization: 

Not all products under a product portfolio contribute same in annual sales and profit. As 

a result, higher contributing products require closer attention and more allocation of 

available resources. Stock out of these products will have serious negative 

consequences in the bottom line. Similarly, a product (usually new) may not contribute 

more in annual sales and profit but marketing department may give higher importance 

on it for its own marketing and sales strategy. In that case, such product may also 

require higher priority in terms of inventory and resource allocation. As a result, it is 

obvious that for each product of the product portfolio, a combined prioritization should 

be set and service level is set accordingly.  This will enable a planner to decide target 

stock level in line with such priority.  

1.4.2. Uncertainties in Expected Demand: 

Considering a year as the period in concern, at the beginning of the year, forecasting for 

each product is done from which expected monthly demand can be estimated. But over 

the time such estimations are often need to be updated. Change in demand pattern 

which was originally expected, change in market environment leading to new 

opportunities and threats, change in government rules and regulations affecting the 

demand etc. are some reasons for the dynamic nature of demand. As such, inventory 

planner should be flexible enough to accommodate such uncertainties and take 

inventory decision based on these changes. 

1.4.3. Uncertainties in Forecasting: 

While offering a baseline for inventory planning, forecasting always comes with some 

level of inaccuracy. The more accurate the forecasting is, the less the need to hold safety 

stock to accommodate uncertainties. But such high level accuracy often requires intense 

data collection and sophisticated system for such data collection. Both requirements 

demand for high capital investment and resource deployment in terms of time and 

talents. Moreover, sometimes historical data cannot be used for forecasting for the 

radical change in market scenario triggering new dimension of demand, change in 

number of competitor in the market or introduction of a substitute or complement 

products etc. For new product there is no sales history. As such, dependency on sales 

history of similar products of the competitor could be one option out of many. But again 
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that also injects a certain level of inaccuracy while forecasting the demand/sales. On the 

other hand, if it is allowed to have forecast with too much inaccuracy then that would 

lead to keeping high level of inventory as safety stock. This would also trigger 

investment in warehouses and increase of relevant inventory management costs. So 

there is a need of a planning mechanism which can offer reasonable level of flexibility 

for forecasting while accommodating uncertainties in terms of accuracy along the way. 

From the Case Company’s perspective, in general, expected demand with ±5% to ±30% 

allowance is expected. Marketing department of the Case Company takes necessary 

action to keep the variations within this limit with most likely ±15% variation.  

1.4.4. Uncertainties in Lead Time: 

Considering a production environment, lead time (often known to as cycle time) 

consists of three distinct parts: production lead time, quality lead time and 

transportation lead time. For an established production process, the production and 

quality lead time are usually stable. But there are rooms for uncertainties due to 

material unavailability, limitation of capacity, machine downtime etc. In case of 

generating production order, it is often not feasible to check the inventory level as a 

continuous basis and place production plan every now and then. A room for factory 

level production scheduling and relevant management, preventive and reactive 

maintenance is also very much essential for sustainability. As such, a review period of 1 

month is also needed to consider here. Finally, in the business environment under 

consideration, the transport of finished goods requires 2 to 5 days with 3 days as most 

likely transport time. So, an inventory planning system must consider the production, 

quality, transport lead time, review period and allowance for some variation. The 

expectation of allowance on overall lead time is ±1% to ±5%. 

1.4.5. Uncertainties for Production Yield: 

Due to nature of the production process of our Case Company, the batch yield varies 

from product to product and even batch to batch. So it is not certain that batch yield will 

be 100% every time. But from the quality aspects, the variance of yield is allowed with a 

tolerance limit from 92% to 102% and 95% as most likely yield. As such, the inventory 

planning system should consider such tolerance while defining the inventory level for 

each product.  

1.4.6. Uncertainties of Customer’s Order Placement: 

Often in many business environments, products are to be available at the beginning of 

the month as customer tends to place order in the beginning of the month.  This 

scenario is quite common in the wholesale market. It is also valid for our Case Company. 

It operates in the market where its customer place orders at the beginning of the month 

based on the product availability. If the product is not available at that time then 

customer usually go to the competitors. But for the branded products, it is usually not 

the case. However, as the company operates in generic market, branded products are 
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relatively few. As such, in general, products are preferred to be available in the 

beginning of the month. This means that the closing stock of current month for each 

product should cover at least the expected demand of next month to avoid stock out 

situation. Therefore, inventory planner should build up sufficient stock of each product 

to manage such customer order uncertainties.  

1.4.7. Uncertainties in Management Decision: 

There are some situations arise when a product gets discontinued for management 

decision. In such case, forecasted demand data are withdrawn from the system and no 

further production plan is expected. Sometimes, as a quick fix, it is also required to 

regulate the production plan manually bypassing the regular Inventory planning 

system. This may happen when a product is experiencing spike of demand in an 

irregular interval. As an opposite, sometimes for a certain period of time, extra stock 

should be kept on top of regular stock when there is a window of opportunities is 

expected. Any efficient inventory management system must have such control to 

accommodate such changes and management decision. 

1.5. Current Inventory Planning Process: 

Under the Case Company’s business scenario, Operations Services Division (OSD) is 

responsible for inventory planning and production planning. Inventory planner takes 

demand related data and documented information from marketing department. From 

that, s/he does the monthly inventory plan. After taking work-in-process (WIP) 

information from production department and aggregated finished goods opening stock 

from warehouse and distribution centers (also known as depots), inventory planner 

formulates monthly production plan. In these two planning process, s/he utilizes the 

guideline stated in section 1.3 and his/her own judgment. High level as-is process is 

presented in Figure 1-2. 
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Figure 1-2: As-Is Inventory Planning Process 
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1.6. Research Questions: 

The overall aim of this study is to find out answers of the following research questions: 

 Are there key drivers for inventory planning decision? If there are then how are 

they influencing the final stock level decision under stochastic business 

environment? 

 How can MCS be utilized as support for inventory planning decision while 

considering data driven or experienced based range of probable inputs? 

 

1.7. Research Objective: 

Based on the research focus explained in earlier section, and also considering Case 

Company’s business as typical pharmaceutical scenario of Bangladesh, the primary 

objectives of this study are: 

 To investigate if key drivers can be identified for inventory planning decision.  

 To investigate if there exists any relationship and/or association among key 

drivers and final stock level decision under stochastic business environment. 

 To investigate if MCS can be utilized as support for inventory planning system or 

not.       

1.8. Scope and limitation of Study: 

The scope and limitations of this study are presented below: 

Scope & Out of Scope: 

 This study considered high level aggregated centralized forecasting information 

as one of the primary inputs. This is because such data was available from the 

case company. Besides literature also suggests for aggregated forecasting 

information for reducing forecasting variations (Simchi-Levi et al 2007, Waters 

2008) 

 For the same aforesaid reason, region based decentralized forecasting 

information and their effect on inventory decision was not considered in this 

study.  

 Input variables in line with business needs of the Case Company were studied 

because of the availability of the relevant data. Therefore, any input and relevant 

variations other than that of Case Company remained untouched under this 

study.  

Limitations: 

 Optimization of inventory and production planning at the later stage under 

different business constraints like warehouse space capacity, production 
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capacity, material availability, budget allocation etc. also remained out of scope 

for this study. 

 Due to unavailability of relevant data, effect of review period variation, batch size 

variation on inventory planning decision were not studied. 

    

1.9. Expected Result and Usage: 

The expected result of this study was to gain clear understanding of the effect of 

different uncertainties on inventory planning decision. Such insight would help the 

inventory planner to define strategic inventory level which would increase the 

probability of defending stock-out situation and harness opportunities for better sales 

from available stock in hand. 

This study would also shed lights on how MCS can be used as a support for inventory 

planning decision. Thus, it may open opportunities for further studies on integration of 

MCS and probabilistic optimization for inventory planning decision.  
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Chapter 2. Methodology: 

2.1. Nature of Study: 

Inventory planning can be encountered with lot of uncertainties and other relevant 

factors. If it is studied in general terms then the scope of the study would be too broad 

to deal with under this project thesis. To narrow down the scope, it would be more 

interesting to develop possible model considering a particular Case Company and to 

investigate results with its empirical data. Therefore, a study method which serves the 

aforesaid purpose would be a natural inclination for study method selection.  

According to Gillham (2000), a case study can be a study on a case consists of a unit of 

human activity existed in the real world with particular context to consider.  Thus a case 

can be an individual, institution like company, school etc.  In this respect, as our study of 

inventory planning system is particularly based on an existing company, it can be 

categorized as a case study.  

As such, case study would be the obvious approach to limit the study scope and to 

investigate results to realize fulfillment of the study objectives. 

2.2. Research Approach: 

There are two types of research approaches based on the information sought: 

Qualitative and Quantitative. Quantitative approach deals mostly with counting and 

measuring. It generates statistics based on which research conclusion can be drawn 

(Dawson 2002, Gillham 2000). On the other hand, qualitative research is more inclined 

to understand the attitude, behavior of a target group. It mostly describes an event or 

situation with quantifying it (Kumar 1999). One clear indication of qualitative research 

is the contact of people may be small but the length of contact is long. This is opposite 

for the case of quantitative approach (Dawson 2002). 

In this study, we are interested in finding out possible factors that influence inventory 

planning decision. We are also interested to see the relationships and associations of 

focused factors as one the key objectives of this study. As a result, based on the nature of 

our study, it can be categorized as quantitative type research.   

2.3. Research Strategy: 

According to Kumar (1999), with the research objective in mind, research endeavors 

can be broadly classified as:  

 Descriptive 
 Correlational 

 Explanatory 
 Exploratory 
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Descriptive study attempts to describe the situation, event or problem. But correlational 

study attempts to discover the association, relation and interdependence of different 

aspects of a situation. Explanatory study focus on explaining why and how one aspect of 

a phenomenon is related to other aspects. Finally, exploratory type focuses on feasibility 

of a particular research study. It is also known as pilot or feasibility study.  

In our study, we were interested to find out different input variables and their 

associated relationship with inventory planning decision, as one of our study objectives.  

Based on the objectives of this study, we opted for correlational study as our preferred 

research strategy.   

2.4. Framework of Study: 

The framework of this study was primarily influenced by the research objectives. It was 

also further influenced by nature of study, research approach and choice of strategy. As 

stated earlier, the study was inspired by the Case Company’s business scenario; case 

study was an obvious choice in the first place. When we are going for case study related 

to inventory planning, understanding the environment and also discovering the pain 

points and relevant data along with source of data specific to inventory planning is a 

must. This suggests for in-depth knowledge of the Case Company’s business scenario. 

For this reason, unstructured interview (also known as in-depth interview) with the key 

personnel was a preferred choice in the first place (Kumar 1999). As a framework of the 

interview, an “Interview Guide” was developed (Appendix 01) before interview session. 

The interview was chosen to gain following benefits to this study: 

 It would help us to lay out a plan for conducting the literature review. 

 It would help us gathering documented and experienced based data for different 

input variables which would be necessary for further study.       

The literature review was another important aspect for this study. After conducting 

literature review, we identified several established mathematical relationships among 

different input variables and inventory planning decision.  

But those were helpful under deterministic environment where definite values for 

different input parameters can be decided to achieve deterministic output. However, 

considering Case Company’s business scenario as typical business need, necessary data 

driven backup for such definite input variables are not always available or feasible to 

some extent. So range of input based on available imperfect information cannot be 

utilized to take inventory planning decision using those established mathematical 

relationships.  
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Figure 2-1: Framework of Study  
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Using MCS we could easily utilized available range of input variables and established 

mathematical relationships to bring out a range of outputs with estimated probability. 

Therefore, considering the business needs of the Case Company and also realizing the 

need for having inventory planning decision considering simultaneous variation of 

different inputs a model was developed integrating the established mathematical 

relationships and MCS was run using that model. From this MCS based result, we could 

also explain how integration of MCS along with established mathematical relationships 

can bring significant insight for different inventory planning decision.  

As this study adopted quantitative approach, we also later develop and test hypothesis 

to show how statistically MCS based inventory planning decision can bring benefit to a 

typical production based company.      

The framework of study is illustrated in Figure 2-1. 

 

2.5. Method of Data Collection: 

 As stated earlier, this study has following objectives to pursue: 

 To investigate if key drivers can be identified for inventory planning decision.  

 To investigate if there exists any relationship and/or association among key 

drivers and final stock level decision under stochastic business environment. 

 To investigate if MCS can be utilized as support for inventory planning system or 

not.       

To fulfill 1st objective, we went for unstructured interview (as explained in section 2.4) 

and collected relevant data for MCS. From the same interview and reviewing literature, 

we identified possible key drivers and their logical relationship to deduce final stock 

level for inventory planning decision.  

We also collected demand forecast, actual sales, opening stock, actual production plan 

and net sales price for 192 products for over 7 months period (January 2011 ~ July 

2011). We collected these data from monthly production plan of the Case Company, as 

our secondary data source. The products were chosen by the key personnel of the Case 

Company who was also the contact person for this study.  We used this secondary data 

to fulfill specifically 3rd objective of our study.    

 

2.6. Validity & Reliability: 

Data Source:  

There are two sources of information used in this study: interview and production 

planning reports from the Case Company. As the production planning reports were 
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authorized documents for execution, it is quite reliable and valid data source. Moreover, 

the provider of both source of information (the interviewee) was also very reliable for 

her holding relevant senior level position and authority at the Case Company. The 

interviewee was the general manager of the Case Company reporting directly to the 

Managing Director. She was responsible for the supply chain management of the Case 

Company. 

Monte Carlo & Mathematical Relationship: 

The choice of Monte Carlo Simulation is considered as strength of this study. Monte 

Carlo is a proven, widely used and much appreciated method for simulation. Several 

researchers in different fields used it for developing interesting insight and knowledge 

base. Therefore, it is also very much reliable and valid method for consideration. 

The logical and mathematical relationships of the input variables to formulate the total 

stock level as an outcome of inventory planning are already been tested and established. 

Well renowned journals, books and peer reviewed articles were carefully consulted 

before selecting and using those mathematical relationships in this case study. 

Therefore, in this respect it is very much reliable and valid. 

Result: 

The relationship of different inputs with the inventory planning decision under 

stochastic environment was explained using MCS based results over established 

mathematical relationships. Not only that, hypothesis testing using the reliable data 

source and the power of such test was good enough to draw conclusion from this study.  

That also highlights the validity and reliability of the overall study.  

2.7. Strength & Limitation 

The primary strength of this study is the choice of MCS and established mathematical 

relationships based on which the integrated model had been developed. The secondary 

strength of this study is the hypothesis testing. Both of the said strength helped the 

study to be stand out with boldness.        

However, being the case study, the outcome of this study cannot be generalized. As the 

case study, by definition, bases on problem experienced by particular institute or 

individual, we cannot draw generalized conclusion based on one case study. Besides, 

choice of probability distribution for each input of MCS may vary depending on depth of 

knowledge in the respective area of concern. For example, for a particular input, when 

we only have information on maximum and minimum value then we use uniform 

distribution for simulation. But as soon as we have more insight to spell most likely 

value then depending on the situation, the choice of distribution become Pert or 

triangular (Vose 2008). As such, depending on the influence of the input to the output, 

the result may vary due to selection of different probability distribution.  
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Finally, depending on the choice of iteration number, the result gets refined in MCS. As 

such, large number of iteration was selected to get more precise outcome for study.      

2.8. Alternate Method: 

The alternative options to this study would be studying the literature review and 

integrate the established mathematical relationships in a model specially designed for 

validating through the data of the Case Company. In this case we would discard the use 

of Monte Carlo Simulation. But such validation would have required huge amount of 

data for a long period. To realize the simultaneous stochastic effect of different input 

variables, one would have vigorous amount of time and study preparation. Such 

extensive experiment also needs careful sampling plan to validate the result. 

Thus, such alternative choice of study appears to be more resource hungry in terms of 

time, observation, data collection and analysis.     
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Chapter 3. Literature Review: 

3.1. Main Focus: 

The literature review of this study focused to outline the key drivers for inventory 

planning decision. It also explored the merits and limitation of Monte Carlo simulation 

and its use in different field. As one of the business need of the Case Company is 

periodic review of inventory rather than continuous one, only literatures with periodic 

review model was considered for study. Finally, different established logical 

relationships among input variables were carefully studied. This served as a base line 

for developing the model with logical relationship focusing Case Company’s business 

needs and to fulfill the objectives of this study.  

Thus, keeping the research objectives in mind, the literature review became one of the 

key sources of knowledge base and also served as a baseline for model development 

and further study. 

3.2. Review Details:    

Inventory management is the function responsible for deciding the stock level in an 

organization with the goal to keep the right amount of stock available at any time. To 

manage the uncertainty in terms of demand variability, production variability, supply 

variability etc. stock is kept to give buffer between supply and demand (Muller 2003, 

Waters 2008). 

Stock has clear effect on financial performance. Efficient inventory management leads to 

lower operating cost, improved procurement, monitor and control stock level, therefore 

higher profit margin and significant increase in return of asset (ROA) (Waters 2008). 

Efficient inventory management also increase the inventory turnover ratio leading 

higher sales (Muller 2003). However poor inventory management leading to poor sales, 

decrease of inventory turnover ratio and hence pose questions in terms of financial 

performance of the company (Brigham and Houston 2009).  

Stock holding decision comes with cost and benefits. While carrying inventory reduces 

the parentage of stock-out events resulting satisfying customer to a greater degree as 

greater percentage of orders can be filled, it also requires considering holding cost and 

other associated costs. However, even with the cost of storing the inventory taken into 

account, the profit is higher than in the absence of inventory (Emerson et al 2009). 

There are different established methods available for inventory management under 

uncertain environment: continuous review policy and periodic review policy (Simchi-

Levi et al 2007, Tony Wild 2002). Although each method has its own benefits and 

limitations, the periodic review policy offers the opportunity for defining the review 

period beforehand to review the inventory and take decision accordingly. Moreover, the 

fixed cost for ordering doesn’t come into play so the requirement of input data is 
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relatively less in periodic review model (Simchi-Levi et al 2007). It is also possible to 

take decision for target inventory level without actual calculation of holding cost (Tony 

Wild 2002). Hence, in the case of difficulties in defining actual holding cost, for 

production planning and inventory management, periodic review policy (also known as 

base stock policy) can be a preferred choice.   

In general, no matter which inventory management policy we choose, that will be 

subject to different uncertainty and imperfect information of future demand, lead time 

etc. Imperfect information for demand can occur due to different reasons. For example, 

sales representative’s information at the field level, exploratory market research, 

forecasting etc. (Tarkan Tan et al 2007). It is possible to consider such imperfect 

information to perform inventory planning. In fact, the consideration of imperfect 

information in manufacturing systems has got high importance over the last decade. 

Models considering uncertainty can be expected to generate superior planning 

decisions as compare to models that do not recognize uncertainty (Mula et al 2006). 

Finally, incorporating uncertainty considering random environments, random yield 

doesn’t necessarily complicate the structure of the ordering policy. The only difference 

is, with consideration of such uncertainty, the order levels become environment 

dependent (Erdem and Özekici 2002). 

All the papers for periodic review model under this literature review consider demand 

variability and lead time variability as the basic uncertainty. Beside these two, there 

were some other sources of variability considered. For example, Stößlein et al. (2014) 

explained, in the real life scenario, forecasting often comes with heteroscedastic errors. 

In such case, devising safety stock considering monthly varying forecasting error can 

improve the inventory performance in terms of potential safety stock savings at a given 

fill rate.  

In case of periodic review model, review period plays significant role. As explained by 

Chiang (2013), review period length can poses large cost when the fixed ordering cost is 

small, shortage is costly, and/or demand variability is small. On the other hand the 

effect of such variability is nullified when the fixed ordering cost is large, if lead-time is 

long or demand variability is large. Silver and Robb (2008) described a methodology for 

deriving optimum review period. They also showed that it usually increases with 

average lead time and lead time variability. However, it may increase or decreases when 

demand variability rises. Lower value of review period is better when average lead time 

and its variations are lower. 

In the paper, presented by Inderfurth and Vogelgesang (2013), consideration for 

random yield of production for safety stock determination in the stochastic demand 

scenario under the periodic review model was highlighted. This paper also presented a 

simple and easy to use equation for calculating safety stock in this respect.   

Altug and Muharremoglu (2011) considered similar scenario with periodic review, 

single stage, single item inventory system where replenishment is stochastic in nature 
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due to capacity constraints. Under this scenario, using simulation, they showed even 

with the early forecast about available capacity for the future period, doesn’t help much 

when demand becomes more variable. For such demand variability, higher safety stock 

is inevitable suppressing the benefit of having forecast on capacity availability, as the 

result indicated. This result is critical in deciding to enjoy the opportunity of 

collaboration with upper stream which requires significant resource deployment to 

maximize return on investment.     

The periodic review model, order-up-to level system is also found very useful in retail 

industries. But in that case, safety stock and order up to level is influenced by dynamic 

demand substitution, product category, lost sales etc. Tan and Karabati (2013) 

considered such inventory management problem of a product category in a retail 

setting with Poisson arrival processes. They presented computational method to 

determine the order-up-to level that maximizes the expected profit with profit margins, 

inventory holding and substitution costs subject to service-level constraints.  

Decision of service level directly influences safety stock determination in the periodic 

review model. Under lost sales scenario, it is quite common to assume backordering 

system as synonym of lost sales system when target fill rate is at least 95%. But Van 

Donselaar and Broekmeulen (2013) showed that such assumptions are more prone to 

serious error while deciding stock level. They further studied and came up with two 

parameters (coefficient of variation of demand during lead time and review period; 

number of outstanding order) to help inventory planner to decide service level while 

taking aforesaid error in to account. Cardós and Babiloni (2011) considered refining the 

cycle service level even further. In this respect, they pointed out risk associating with 

approximating the service level which may not be the same as actual service level or 

may lead to overestimate the stock. According to this article, “one of the main purposes 

for calculating a service level is to check if an inventory policy meets a given target service 

level within a parameter estimation procedure”. So they proposed two new 

approximations to compute the cycle service level.  

A financial aspect of inventory under periodic review model was also found interesting 

topic for research. Zeballos et al. (2013) describes the objective function value expected 

present value (PV) of different financial instruments and showed that the increase in 

lead time increases operational costs; therefore, it has a negative effect on the objective 

function value. However, the order up-to level was found fairly insensitive to company’s 

short term debt (any debt of the company due within a year). This means even if the 

short term debt of a company rises, it shouldn’t be worried on continuing the order up-

to level for its operations.  

While using the periodic review model, demand is usually assumed to be Poisson 

distributed or normally distributed. Cattani et al. (2011) explained Poisson distribution 

is assumed to overcome the effect of different time bucket of demand (daily demand, 

weekly demand or monthly demand etc.). But it simplifies the mathematical calculation 



Page 22 of 56 
 

while significantly limits the practical use of the result. On the other hand, for items with 

high demand variability (coefficient of variation is as high as 2), assumption of normal 

distribution lead to high probability of having negative demand. This paper also 

suggests that even with centralized warehouse control system, the inventory planner 

doesn’t get any benefit for optimal inventory management. And deviating from 

traditional approach for demand distribution, taking mean as equal to actual mean from 

actual demand history and assuming the distribution as Poisson lower the total 

inventory level significantly under predetermined service level.  

A similar study was conducted by Nenes et al. (2010). Here, special nature of demand 

focused where the demand is “erratic” or “lumpy” indicating, the demand is irregular 

with many time periods have no demand at all. As per this study, such demand cannot 

be expressed by means of regular normal or Poisson distribution. Nenes et al. (2010) 

used periodic review model along with gamma and package type Poisson distribution 

proposed by Friend (1960) to define inventory level using periodic review model and 

result was quite promising in case of inventory reduction, customer satisfaction, 

supplier management etc. 

The coefficient of variation (CV) of demand can be considered as a measure of demand 

variability. Gallego et al. (2007) showed that when the CV is large (say greater than 1) 

than it is highly expensive to manage the base stock under the assumption of normal 

distribution of demand. In that case lognormal approximation works much better. But 

in this paper only demand variability was considered and base stock equation for 

lognormal distribution was proposed. But in real life, lead time variability, yield 

variability also comes into play. Such variability was not considered in this paper. 

Yeo and Yuan (2011) tried to explain the effect of demand cancellation in inventory 

management under periodic review model. Result suggests that the inventory 

management is more expensive for a firm with higher demand cancellation variability. 

It was also found true for the case of yield variability.  

As we understand there are different methods available for safety stock calculation 

under periodic review model. So, it is a general curiosity to ask which method is better. 

In this respect a simulation based comparison of different methods for safety stock 

calculation was conducted (Schmidt et al 2012). The result suggests that there is no 

particular method stands out to be the best. Each method has its own strengths and 

limitation. The result also suggests at least two influencing factors while deciding 

method for safety stock. These are variation of demand and variation of replenishment 

time, also known as lead time.  

At this point, we understand that there are different levels of variability available to 

consider. So far, we didn’t find any single paper, which considers all variability together 

while computing the target inventory level under periodic review model. Perhaps this is 

due to the fact that each business scenario is unique and all kinds of variable and 

heteroscedastic behavior are not valid for every system. To find the nature of the output 
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under such heteroscedastic variables, simulation, more specifically Monte Carlo 

simulation (MCS) can be a good option. We can incorporate expert opinion, range of 

inputs with little or no knowledge of distribution at all (Vose 2008). Moreover, MCS is a 

valid technique and can accommodate different types of inputs along with respective 

assumed or actual distribution.    

No wonder simulation is becoming more popular now a day for accumulated knowledge 

base and availability of tools and awareness of its benefits. Moreover intense market 

competition is also believed to be responsible for such popularity (Jahangirian et al 

2010). Although discrete event simulation (DES) found to be most popular choice for 

simulation, Monte Carlo simulation is also a preferred choice in different industries 

(electricity generation, nuclear and spacecraft, generic part manufacturing, jet engine 

repair etc.) and in different types of applications like capacity planning, inventory 

management, resource allocation, scheduling etc. (Jahangirian et al 2010) 

Monte Carlo simulation has different potential applications in different field of supply 

chain. Belvardi (2012) used it as a baseline for developing sensitivity analysis tool for 

modeling uncertainties and stochastic nature of supply chain and extract and visualize 

relationships among decision variables and key performance indicators. Adela-eliza and 

Simona (2011) used MCS for examining the reliability aspects of a product under 

different parameter deviations.  

3.3. Conclusion 

From the literature review, it is evident that determination of inventory level while 

accommodating different uncertainties is a growing concern. Different methods have 

been developed so far to manage such uncertainties. However all these methods come 

with certain input parameter for which often we don’t have sufficient database to select 

most appropriate value. In this case, MCS was found as an effective choice. Different 

profound application of MCS, as sought during the literature review, confirms that even 

if we have range of inputs with relevant probability, we can predict most appropriate 

outcome using MCS. Sensitivity analysis and scatter plotting can also be performed 

using MCS results which can give us necessary insight on association and nature of 

relationships among inputs and output (Vose 2008).    
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Chapter 4. Background of Inventory Planning 

4.1. Initial Assumptions: 

In this case study we adopted periodic review model for inventory planning decision 

respecting the need of the Case Company (see 1.4.4). Periodic review model assumes 

normal distribution of demand with preferably low coefficient of variation( less than 1) 

(Gallego et al 2007, Simchi-Levi et al 2007), During the discussion with the interviewee, 

we also understood that the Case Company expects inventory planner to have some 

room for variation for forecasted demand. Such variation is limited to within 0.5 

coefficient of variation (CV) with respect to expected demand (ED) (see 1.4.3). We 

assumed normal distribution of demand for products with CV within 0.5 as a building 

block of this study. We also assumed normal distribution for the total lead time to 

simplify the study. To provide a clear understanding, the effect of excess stock over 

expected demand on profit and the underlying logic of periodic review model are 

explained below. 

4.2. Effect of excess stock on bottom line: 

Generally it is expected to hold enough stock to meet estimated monthly demand. We 

tend to keep some extra stock over the estimated demand as safety stock to bracket 

uncertain excess demand beyond the expected monthly demand. Decision of keeping 

stock in hand requires proper management of stock which in terns generates holding 

cost. This holding cost affects the bottom line. To illustrate, let us assume, we have only 

one product with following information: 

Expected monthly Demand (D) = 100 Units 
Average monthly Safety Stock (SS)  = 100 Units 
Average monthly Stock (S = D+SS) = 200 Units 
Net Sales Price per unit (NSP) = 10 USD 
Profit per unit (P) = 2 USD 
Actual Monthly Sales (AS) =100 Units 
Average Stock Volume (SV = S x NSP) =2,000 USD 
Average Safety Stock Volume (SSV = SS x NSP)  =1,000 USD 
Holding Cost over average Stock Volume (h) = 0.25/year 
Yearly Holding Cost (H = SV x h) = 500 USD 
Total Profit (TP = P x AS x 12) = 2400 USD 
Net Profit (NP = TP – H) = 1900 USD 

 

Now, if we decide to keep the average monthly stock (S) minimum 1 time and maximum 

3 times of expected demand then SS would be varied from 0 to 200 units; considering 

aforesaid data. Assuming actual sales varies ±20% of the expected demand, we can 

generate a scatter plot to illustrate the effect of having higher safety stock on net profit.  
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Figure 4-1: Illustration of effect of Safety Stock on Net Profit 

So from Figure 4-1 we can see that higher level of safety stock volume has negative 

effect on bottom line as it contributes more on total stock volume and hence the total 

holding cost.  

4.3. The concept of Periodic Review Model: 

As the name suggests the periodic review model allows us to review the model 

periodically to take inventory planning decision. After the review process a production 

order is placed to fulfill the required stock level with an accepted lead time. Lead time 

consists of several parts: estimated production time after having the production order, 

quality lead time after the production to complete the quality decision for dispatch, and 

transport time from factory to distribution center via central warehouse (Figure 1-1). 

And we also need to consider review period for deciding the stock level.  

To decide the total stock level, we need to consider estimated demand per unit period 

which will be translated to total estimated demand during the total lead time. In real 

life, the estimated demand, production yield and total lead time come with some 

variations.  Therefore, some safety stock on top of the estimated demand during lead 

time needs to be considered to cover those variations. After adding the safety stock with 

estimated demand during lead time we get the base stock level (BSL); a stock level 

which we would like to have in our warehouse to cover the expected demand before the 

next order drops in our warehouse. So,  

Base Stock level = Estimated Demand during lead time + Safety stock. 
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Once we have decided the base stock level, during the review, we see how much stock is 

there as opening stock (OS). If the OS is below the BSL we place a production order 

fulfilling the difference. 

For illustration, let us assume a product with following dummy information for base 

stock level calculation.  

 

Expected Demand per week (D) = 30 Units 

Production, QC & Transport Lead Time (L) = 2 Weeks 

Review Period (R) = 4 Weeks 

Total Lead Time (TL = R+L) = 6 Weeks 

Estimated Demand during TL (ED = D x TL) = 180 Units 

Safety Stock (SS) = 36 Units 

Base Stock Level (BSL = ED+SS) = 216 Units 

Assuming normal distribution of actual sales over estimated demand, we can have 

following table over 13 weeks business scenario with 90 units on week 01.  

Description W - 
01 

W – 
02 

W - 
03 

W – 
04 

W - 
05 

W – 
06 

W - 
07 

W - 
08 

W – 
09 

W - 
10 

W - 
11 

W - 
12 

W - 
13 

Opening 
Stock 

90 70 38 112 75 66 14 117 69 53 6 121 111 

Received 
Stock 

0 0 126 0 0 0 141 0 0 0 147 0 0 

Base Stock 
Level 

216 216 216 216 216 216 216 216 216 216 216 216 216 

Safety Stock 36 36 36 36 36 36 36 36 36 36 36 36 36 

Production 
Plan 

126 0 0 0 141 0 0 0 147 0 0 0 105 

Actual Sales 20 32 52 37 9 52 38 48 16 47 32 10 29 

Closing 
Stock 

70 38 112 75 66 14 117 69 53 6 121 111 82 

Table 4-1: Illustrated 13 weeks business scenario for Periodic Review Model 

Graphical representation of Table 4-1 is as presented below for clearer understanding. 
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Figure 4-2: Graphical presentation of Periodic Review Model 

Now, although the review period is found quite constant in real life under general 

circumstances, the lead time is not always constant as illustrated in the above figure. 

Moreover, variation of demand also offers heteroscedastic situation. And the batch yield 

is also not constant for every order. Thus it is a real challenge to define safety stock 

under these business scenarios. As we already know that excess stock also hurts the 

bottom line minimum stock level with enough confidence of bracketing stock-out 

situations within predefined limit is desirable. For this we need know how stochastic 

behavior of each input is affecting the total stock level decision so that we can take 

better informed management decision. With this case study we are trying to get those 

insights. 
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Chapter 5. Model Development: 

5.1. Rationale for Model Development: 

From the literature review, we identified several mathematical relationships to 

determine base stock level (BSL) under different business scenario. For example, there 

is an established mathematical equation to determine BSL when only demand variation 

exists (Simchi-Levi et al 2007, Waters 2008). In this case, expected monthly demand, its 

variation in terms of standard deviation was considered. We also found established 

mathematical relationships for BSL calculation in case of demand and lead time 

variation (Simchi-Levi et al 2007, Tony Wild 2002, Waters 2008). Here expect demand, 

standard deviation of demand, lead time and standard deviation of total lead time was 

considered. More recent study was found to determine BSL when demand variation and 

batch yield variations exists (Inderfurth and Vogelgesang 2013). Here demand and its 

variation, variation of batch yield was taken into account.  

But, based on the literature review under this study, determination of BSL considering 

all of the aforesaid variables under stochastic environment was not studied. However, it 

is quite easy to realize that a typical production based company would have faced 

variation of estimated demand, variation of forecasting of demand, variation of lead 

time, production yield variations simultaneously in the stochastic environment.  

On top of that many of the stated input variables don’t have sufficient data backup to 

adopt any particular value for BSL determination. Some of them would even be catered 

with experienced based best guess. Therefore, BSL calculation based on best guess of 

values for input parameters will highly unlikely to gain enough confidence to be used 

for business decision.  

That is why; in this study we studied those established mathematical relationships, 

integrated MCS with them and developed a model to obtain a range of BSL values from 

range of different inputs under stochastic environment. We then explained how such 

model is more likely to eliminate stock out situation with lower level of stock. We also 

explained how such model can be used for probabilistic optimization.  

5.2. Integration of MCS: 

Our study was motivated by Case Company’s business scenario. So, as a starting point of 

this model, we assumed a scenario where the inventory planner was responsible for 

inventory planning decision for our Case Company. 
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5.2.1. Expected Monthly Demand: 

We assume that inventory planner is getting demand forecast of products over 12 

months period. From this he can take average monthly demand as the expected demand 

to start the planning. The Marketing department of the Case Company takes necessary 

steps to ensure product demand doesn’t experience CV beyond the allowable limit (±5% 

~ ±30%). For this, they also update the expected demand over the 12 months period 

informing the inventory planner beforehand. As such, inventory planner is always 

getting latest information to decide expected monthly demand (ED) of a product 

following normal distribution with CV less than 0.5. 

During the description of model development, for the sake of better explanation, 

expected demand is assumed as 10,000 units. Microsoft® Excel® 2010 has been used to 

describe the model using MCS tool named @Risk from Palisade Corporation. 

Furthermore, following setup was used for random number generation 

 10,000 iterations  

 Initial seed value as 1 

 “Latin Hypercube” for random number generation and 

 “Mersenne Twister” as random number generator 

5.2.2. Variability in Expected Demand: 

As per our Case Company’s business scenario, we presumed some variations of 

expected demand which can be expressed in terms of coefficient of variation, CV. 

Following notations and given values (as appropriate) were useful in this regard: 

Notation Description Values provided 
by Case Company 

ED Standard deviation of expected demand N.A. 

CVED Estimated CV for expected demand N.A. 

Mn-CVED Minimum CV for expected demand 5% 

ML-CVED Most likely CV for expected demand 15% 

Mx-CVED Maximum CV for expected demand 30% 

Table 5-1: Notations for variability of expected demand. 

Given the minimum and maximum CV for expected demand, the Case Company is 

expecting most likely value of CV as 15%. Secondary data also confirms such inclination. 

Considering aforesaid CV values, Using MCS, the model assumed PERT distribution to 

determine the CVED. Pert distribution softens the influence of most likely value and 

produces a curve path as opposed to triangular distribution. Such distribution often 

produces closer fit to expert opinion as explained by (Vose 2008). That is why, here and 

later in this model whenever expert opinion was sought, we inclined for Pert 

distribution. From there we can determine standard deviation of demand,  
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                   Eq. 5–1 

With ED = 10,000 units, following graphs can be developed from MCS for CVED.  

 

Figure 5-1: Probability Distribution for CV for Expected Demand 

Based on the simulated figure as shown above, there is 5% chance to experience CVED 

below 8.48% and 5% chance to experience beyond 23.86%.  The expected value of CVED 

= 15.83% 

 

5.2.3. Expected Total Lead Time: 

There are four types of lead time available to consider. These are 

1. Review Period: Time interval between two consecutive reviews for production 

planning.  

2. Standard Production Lead time: Time to complete a batch of production from 

batch initiation to finishing. 

3. Standard Quality Control Lead Time: Time to initiate final quality inspection after 

the batch is finished to issue release order for distribution.  

4. Transport Lead Time: Time to dispatch the finished goods from factory to 

customer. 

Following notations and values are necessary to describe the total lead time. Unit is in 

months 
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Notation Description Values provided by Case 
Company 

R Review period 1 Month 

LProd Standard production lead time 0.23 Months  (7 days) 

LQC Standard quality control lead time 0.50 Months (15 days) 

LT Estimated transport lead time N.A. 

Mn-LT Minimum transport lead time 0.07 Months (2 days) 

ML-LT Most likely transport lead time 0.10 Months (3 days) 

Mx-LT Maximum transport lead time 0.15 Months (5 days) 

L Total lead time N.A. 

  Table 5-2: Notations for Expected Total Lead Time 

Being the management input, PERT distribution was assumed to determine the LT. As 

such, the total lead time, 

   (                 )               Eq. 5–2 

Using aforesaid data @Risk produced following graph for L.  

 

Figure 5-2: Probability Distribution for Expected Total Lead Time (L) 

Here we see there are 5% chance to observe L <= 1.81 and L >= 1.87. Expected value of 

L = 1.84.  
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5.2.4. Variability of Total Lead Time: 

The variability of total lead time can be expressed in terms of CV as below: 

Notation Description Value Provided by Case 
Company 

L Standard deviation of total lead time N.A. 

CVL Estimated CV for total lead time N.A. 

Mn-CVL Minimum CV for total lead time 2.00% 

Mx-CVL Maximum CV for total lead time 5.00% 

Table 5-3: Notations for Variability of Total Lead Time 

As we only had minimum and maximum value in hand, using @Risk, we estimated CVL 

assuming uniform distribution. 

 

Figure 5-3: Probability Distribution for CV of Lead Time  

Here we see the model predicted, there is 5% chance to experience CVL <= 2.15% and 

CVL >= 4.85% with estimated mean value as 3.5% 

From there we can define standard deviation of total lead time as, 

                        Eq. 5–3 

Using the @Risk the probability distribution for L was found as below: 
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Figure 5-4: Probability Distribution for Std. of Lead Time 

From the above simulation, it can be seen that model assumed the value of L would lie 

within 0.039 to 0.089 with 90% probability. The expected value of L was 0.06.  

5.2.5. Batch Yield and its Variability: 

Although the standard batch size of each product is decided, the number of good units 

within a batch forms Bernoulli process. As such, production yield is therefore is a 

random number following a binomial distribution. But that batch yield varies from 

product to product and even batch to batch. 

Notation Description Value provided by the Case 
Company 

Y Simulated batch yield N.A. 

YMIN Minimum accepted batch yield 92% 

YML Most likely batch yield 95% 

YMAX Maximum allowable batch yield 102% 

Table 5-4: Notations for Batch Yield 

Due to such variation, simulated batch yield was sought through MCS using @Risk. 

From that simulation result (Figure 5-5), we see that there was 5% probability for Y to 

be below 0.9296 or beyond 0.9891. Expected value for Y was 0.9567.  
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Figure 5-5: Probability Distribution for Batch Yield 

 

5.2.6. Expected Demand during Lead Time: 

The expected demand during lead time, DL can be calculated as 

                        Eq. 5–4 

Having static input for ED, the distribution of DL is directly influenced by L as shown in 

Figure 5-6. From this simulation result, we found that expected demand would vary 

from 18,109 to 18,713 with 90% probability and mean value would be about 18,389 

units.  



Page 35 of 56 
 

   

Figure 5-6: Probability Distribution for Expected Demand during Lead time 

 

5.2.7. Safety Stock: 

Safety stocks are the stock to cover the uncertainties leading to stock-out situations. 

According to the literature review and Case Company’s business scenario we dealt with 

3 types of uncertainties to determine safety stock. These were: 

1. Demand and its variation with constant lead time and batch yield.  

2. Demand and its variation along with Lead time and its variation 

3. Demand and its variation along with Yield variation.  

Logically, we can have huge amount of stock as safety stock to cover virtually any 

demand under normal curve. That would lead us holding huge safety stock which 

wouldn’t justify considering relevant cost and inventory management. So management 

needs to consider accepting certain stock out situation expressed as service level. 

According to Waters (2008), there  are several popular method of defining service level. 

Based on the business needs of the Case Company, the service level is the proportion of 

orders completely satisfied from available stock. Popular choice of service level is 95%, 

which we assumed as same for our study. From the normal table, for a given service 

level we can get the Z-Value (Z) which is an important input for determining safety 

stock.  

Assuming that lead time would be constant along with no yield variation, Waters 

(2008); Simchi-Levi et al. (2007) both suggested following equation for safety stock 

(SSD) with estimated demand along with variation.  
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        √{  (   ) }              Eq. 5–5 

When both demand and lead time are considered along with relevant variations, then 

Waters (2008); Simchi-Levi et al. (2007) both indicated following equation for safety 

stock (SSDL) determination.  

         √{  (   )  (   )  (  ) }              Eq. 5–6 

In case of both demand and yield variation with constant lead time, Inderfurth and 

Vogelgesang (2013) suggests following equation for safety stock (SSDY) determination 

under binomial yield approximation. 

         √{  (   )     (   )  (   )     }              Eq. 5–7 

Considering all three variations, the safety stock (SSDYL) can be calculated as below: 

                                  Eq. 5–8 

 

5.3. Base Stock Level & Key Drivers : 

According to Waters (2008) and Simchi-Levi et al. (2007) the base stock level (BSL) 

should comprise of expected demand during lead time and safety stock. Therefore, 

under this model,  

                          Eq. 5–9 

Based on 95% service level, after running the MCS using @Risk, we found following 

probability distribution. 
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Figure 5-7: Probability Distribution for Base Stock Level 

 

From Figure 5-7, we found that for expected demand of 10,000 units, the BSL ranges 

from 20,540 units to 23,880 units with 90% probability with mean of 22,100 units.  

Key drivers for Base Stock Level: 

To discover key drivers for BSL, we developed following scatter plot & Tornedo Chart 

using @Risk.  

 

Figure 5-8: Scatter plot for CV for Expected Demand vs. SBSL 

 



Page 38 of 56 
 

Figure 5-9: Tornedo Chart for BSL 

 

From Figure 5-8 & Figure 5-9, it was revealed that the BSL is strongly and positively 

associated with CV for expected demand. This indicates that under this model, Case 

Company should put more effort in reducing the variability of the expected demand to 

reduce the total inventory level.  

 

Figure 5-10: Scatter plot for SBSL vs. Expected Total Lead Time 

As one of the key inputs of BSL calculation is the expected total lead time, we tried to 

examine its influence on BSL. From the simulated result (Figure 5-10) we found that it 

had very weak positive association with BSL. However, further examination of expected 

total lead time reveals that, after review period, QC lead time, LQC is the largest 

contributor of total lead time. The original value for the LQC was 0.5 months (15 days). 

We varied this value from 3 days to 15 days to see any difference in result. This time 

Pearson Correlation Coefficient went up from 0.2120 to 0.8108.  
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Figure 5-11: Scatter Plot of SBSL vs. Expected Total Lead Time with variable LQC 

 

 

Figure 5-12: Scatter Plot for SBSL vs. Service Level 

When we varied the service level from 0.80 to 0.99, we found that up to 0.95 the 

association of service level with BSL is somewhat linear. But from 0.95 to 0.99 it is 

showing almost exponential increase of BSL value (Figure 5-12). 

So based on the Figure 5-8 to Figure 5-12, we came to a conclusion that, increment of CV 

of expected demand, service level and lead time has strong positive influence on Base 

stock level. Therefore, strict control on CV of expected demand, careful choice of service 

level and rigorous effort on reducing lead time product to product basis can reduce the 

BSL effectively.     

5.4. Expected Closing Stock: 

If the opening stock is OS then theoretically, maximum value of OS would be BSL, most 

likely value would be SSDYL and minimum value would be zero. Considering this, we can 

simulate expected OS through @Risk assuming triangular distribution.  

Now, if monthly production plan is MPP then 

    {
             

                      
             Eq. 5–10 

As summation of production & QC lead time is always less than 1 month, we can expect 

to receive the planned production within the current month. As such expected receiving 

stock (RS) would be 
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              Eq. 5–11 

 Now if the expected monthly sale is AC then using ED and ED we can simulate the AC. 

Therefore, from accounting principle, simulated closing stock (CS) would be: 

                Eq. 5–12 

          
  

   
     Eq. 5–13 

Our principle interest for getting simulated result of CS and CS Ratio was to predict 

(through simulation) if BSL was actually good enough to manage actual sales. Negative 

value in our simulated CS and CS Ratio would reflect that the BSL might not be sufficient 

to avoid stock-out situation even for the current month. 0< CS Ratio <1 would suggest 

that BSL might be good enough to support current month’s actual sales but it might not 

secure enough CS to cover next month’s expected demand.  

For our test scenario for expected demand (10,000 units) following result was found: 

 

Figure 5-13: Probability Distribution for Simulated CS Ratio 

From the Figure 5-13, we can expect following situations based on the simulation result: 

 Stock level based on BSL is likely to be sufficient to avoid 100% of stock-out 

event in the current month as the minimum value for CS Ratio was found 0.4382.  

 There is a high possibility (22.5%) that CS due to BSL will be less than expected 

demand for the next month; considering ED is same for both current and next 

month. 

As such, we may suspect that Inventory planning decision based one BSL may offer zero 

stock-out situation for the current month but it may not fulfill the requirement of having 

at least enough stock to cover expected demand of next month, as indicated in section 

1.4.6. 
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5.5. Target Stock Level: 

As the case company’s business scenario suggests having sufficient closing stock to 

cover at least expected monthly demand, ED or more for next month, we defined Target 

stock level (TSL) as an extend of BSL approach. With and introduction of a management 

control factor (Mgt1), TSL can be expressed as below:  

                              Eq. 5–14 

Where,      {      }. 

The default value of Mgt1 can be set as 1. It can also be used as one of the changing 

variables to decide relevant TSL based on the future business decision. When Mgt3 = 0, 

then, 

        

Now using the same logic as explained in earlier section, we simulated CS Ratio 

considering TSL with Mgt1 = 1. The simulation result for CS Ratio considering TSL was 

found as below: 

 

Figure 5-14: Probability Distribution for CS Ratio with TSL 

We found that considering TSL approach for inventory planning not only likely to avoid 

any stock-out incident in the current month but also likely to secure at least 1.5 times 

stock level of expected demand for the next month; considering ED is same for both 

current and next month.  
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This approach also provided us opportunity for optimizing inventory level by adjusting 

Mgt1. As an illustration, we tried to obtain Mgt1 value which would likely to secure 

minimum CS ratio from the simulation as close as 1 instead of 1.5. Using @risk 

Optimizer, we found that Mgt1 = 0.48 produced the expected result.  

      

Figure 5-15: Probability Distribution of CS Ratio with min CS Ratio = 1.0081 

So, we realized that as an extension of BSL, TSL approach can offer us the opportunity to 

refine our inventory planning decision based on the business scenario. 
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Chapter 6. Analysis with Real Data: 

So far we have analyzed the effects of different input variables and their associated 

uncertainties on inventory planning decision of one product. But at the end of the day, 

inventory planner must come up with a deterministic figure as a target stock level for all 

products in concern; based on which production plan and other relevant decisions 

would be made. Therefore, we were interested to know if we could use the result of the 

Monte Carlo simulation for BSL for such decision. And even if we do so, would that 

produce any significant improvement in our decision making over existing method?   

6.1. Initial Observation: 

For this analysis, we were interested to see the % stock reduction using the BSL based 

result. Observing that the BSL output follows close to normal distribution, we used the 

mean of simulation outcome of BSL as the decision for base stock level for a product 

with a given expected monthly demand. From the Case Company, we had data on 

monthly forecasted demand for the year 2011, actual opening stock, production plan, 

actual sales from Jan 2011 to Jun 2011 and net sales price (NSP) for 192 products.    

So, we followed below mentioned steps for this analysis.  

 Step 01: Determine the target stock level by the Case Company, (TSLCC) as: 

                      Eq. 6–1 

Where, OSCC = Actual monthly opening stock for each product 

MPPCC = Actual monthly production plan for each product. 

 Step 02: Calculate average TSLCC from the available data from Jan 2011 to Jun 

2011.  

 Step 03: Using @Risk, run the MCS with 5000 iterations keeping all the relevant 

variables same as discussed in section 5 for all 192 products to calculate 

estimated value of BSL for each product for each month from Jan 2011 to Jun 

2011 and took the average BSL quantity. 

 Step 04: Calculate % Stock reduction for each product using following equation: 

 

                   
(                           )

             
 Eq. 6–2 

Plotting the % Stock Reduction for all 192 products we go following graph: 
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Figure 6-1: Expected % Stock reduction after using BSL 

 

6.2. Test of Hypothesis: 

From the generated data, we found that, 82.29% of the 192 products were having at 

least 30% of stock reduction. So, we set a hypothesis that, if BSL approach is used 

instead of as-is method for inventory planning, at least 80% of the Case Company’s 

product would enjoy a minimum of 30% stock reduction. 

To test this hypothesis, we set following null and alternate hypothesis at 5% 

significance level, 

         . The proportion of the total products of the Case Company would 

enjoy 30% stock reduction would be at least 0.8 or more. 

         . The proportion of the total products of the Case Company would 

enjoy 30% stock reduction would be less than 0.8. 

Here,  

 number of sample of products n = 192 

 Hypothesized value of proportion         

 Sample proportion,  ̅         
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 Standard error of the proportion   ̅   √
     (      )

 
      

 Using normal distribution as test reference,    
 ̅   

  ̅
      

 With 5% significance level, for left tail test,             

As          , we failed to reject the null hypothesis. So, a per our test result, we didn’t 

find any statistical evidence to believe that using BSL approach would result 30% stock 

reduction for less than 80% of its total products. 

6.3. Power of the Test: 

Now, statistically, it is possible that we fail to reject H0 when it is actually false. This is 

known as “Type II error”. Therefore, we need to find out the probability of rejecting H0 

through our test when it is actually false. This probability is known as “Power” of the 

test. 

Logically,             corresponds some critical value X0.05 , where 

           (         ̅)       

As such, any value of sample proportion greater than 0.75 but less than 0.8 would lead 

us to commit the Type II error. Now assuming such sample proportion 0.79, probability 

of Type II error, 

 (      |
 ̅      

  ̅      
)   (   

         

    
)   (        )        

So the Power of the test is = 100% - 9.71% = 90.29%.  

Assuming different sample proportion within the aforesaid range, the minimum power 

was found 63.55% and maximum value was 94.63%. So, we had pretty good confidence 

for not committing Type II error during our hypothesis test as the power of the test is 

quite high. 
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Chapter 7. Result 

We present our findings of this study in following segments: 

7.1. List of Inputs and its variations: 

From the interview of the personnel from Case Company and also from literature 

review, we identified following inputs along with relevant variations which affects 

inventory planning decision under periodic review scenario.  

Inputs & Relevant Uncertainties Addressed 
in this Case 

Study 

Addressed 
in the 

Literature 

Estimated demand & its variability X X 

Effect of different probability distribution of estimated demand.  X 

Effect of service level and its variation X X 

Length of total lead time X X 

Review period & its variability  X 

Variability of lead time X X 

Batch Yield X X 

Batch size  X 

Customer order management strategy X  

Production capacity  X 

Table 7-1: List of Inputs affecting inventory planning decision 

 

7.2. Effect of different inputs and their variations: 

The principle advantage of our study was the establishment of inventory planning 

model as platform for examining the influence of different inputs and their variations on 

planning decision under stochastic environment. Literature review helped us identify 

mathematical relationship among different inputs with base stock level decision. But the 

nature of variations of planning output considering all the relevant inputs and their 

expected variations were yet to be revealed.  In this study, using those identified 

relationships and through Monte Carlo Simulation we were able to highlight the nature 

of expected variation of the planning decision. We were also able to highlight different 

associations along with the strength of such associations among inputs and output. 

To highlight the importance of our study, let us take a product from the Case Company 

and see how our analysis through MCS can be beneficial for inventory planning decision. 

Based on the provided data, the test product was the highest earning product for the 

Case Company. So, it adopted conservative approach for its inventory planning decision 

to avoid any stock out situation for this product. Based on the as – is process, the Case 

Company’s decision for the test product was 343,711 units as average monthly target 

stock level to cover expected monthly demand of 100,450 units.  
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Now considering all inputs and their relevant uncertainties, our simulation showed that, 

even with maximum conservative approach, monthly target stock level of 270,000 units 

would be enough. And there was 5% probability to require the stock level beyond 

237,000 units (Figure 7-1). The most likely base stock requirement would be around 

214,900 units. Such insights under stochastic environment are extremely important to 

avoid unnecessary stock and relevant cost. 

         

 

Figure 7-1: Base Stock level for No. 1 product of Case Company. 

We can also highlight other significant use of this simulation based outcome. For 

example, for the test product, warehouse capacity requirement can be decided based on 

target stock level decision. From the same simulation, we can also predict most likely 

monthly production requirement along with minimum and maximum range. This would 

help the production floor to assign capacity for this product. From the simulation based 

production planning information, we can produce significant insights for material 

planning decisions. With this information, we can also develop yearly budget 

requirement for the same product. And finally, we can use the same model for other 

products as well to gain similar insight. That would help us performing to determine 

expected production capacity requirement, yearly budget calculation, warehouse and 

depot space management etc.     

Our result also produced some dramatic insight for management decision. For example, 

we found that not only variation of lead time but also the length of standard lead time 

has strong positive association with BSL. From this insight, we can recommend that the 

Case Company should not consider general QC lead time for all products for inventory 

decision. QC lead time may vary from product to product. Same is true for production 

lead time. So if product specific production and QC lead time information is considered 
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then total inventory would be lower than generalization approach for assigning QC lead 

time; assuming some products would have lower production and QC lead time than the 

generalized value. 

7.3. Model extension to cover specific business needs: 

From the simulation results, we predicted that closing stock under BSL approach would 

most likely to cover 100% demand of the current month but would not be able to secure 

enough stock to cover next month’s expected demand; assuming estimated monthly 

demand is same for both months. As such, we developed an extension of the BSL model 

to support this business scenario. Such extension is expected to give opportunities to 

optimize target stock level to meet specific business need.  

For example, assuming 10,000 unit as expected demand for current and next month, we 

tried to establish a multiplication factor for expected demand which can be added to the 

BSL to obtain a range of target stock level which can not only cover the expected 

demand of the current month but also likely to secure enough closing stock to meet at 

least expected demand of next month or more. Here we considered expected demand to 

be same for both current and next month.  

7.4. Support for Inventory planning decision: 

To support inventory planner to take better stock decision, we examined, if simulation 

based results can be used as a business decision. And if those results were used then 

what would be the likely benefit. For this, we took information of the 192 products from 

our Case Company, simulated the BSL value for each product and took mean BSL value 

as base stock level decision.  

Then we conduct a hypothesis test. From the result of the test, we concluded that using 

mean result from the simulation of BSL for each product as base stock level for each 

product, at least 80% of the total products of Case Company is likely to enjoy at least 

30% stock reduction as compare to the result of as –is planning process. There are over 

1,200 products under Case Company’s portfolio. Considering the hypothesis is valid, it 

can enjoy significant stock reduction while securing virtually 100% of expected demand 

of current month. This result should give enough confidence to the Case Company to go 

for a trial inventory plan using this MCS based periodic review model.  
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Chapter 8. Conclusion: 

The research objectives of this study were  

 To investigate if key drivers can be identified for inventory planning decision.  

 To investigate if there exists any relationship and/or association among key 

drivers and final stock level decision under stochastic business environment. 

 To investigate if MCS can be utilized as support for inventory planning system or 

not.       

In this study, we pointed out several inputs and uncertainties involved in inventory 

planning (Table 7-1). We then showed through MCS and periodic review model how 

each of these inputs and uncertainties effects the decision. We also visualized different 

relationships and associations among inputs and outputs. We came to a conclusion that 

out of input variables as mentioned in Table 7-1, coefficient of variation of expected 

demand, service level, lead time and its variation play significant role in increasing the 

total stock level.  

We also explained how the result of the MCS based inventory planning model can 

produce interesting business insight to achieve minimum inventory level while 

addressing demand management under stochastic environment. Such insights were 

deemed very helpful for warehouse capacity planning, overall financial budgeting and 

material planning decision.  

Through hypothesis testing, we showed how Monte Carlo can offer strong support in 

taking inventory planning decision to enjoy significant overall stock reduction as 

compare to exiting process of the case company. We hope, management of the Case 

Company would be interested enough to go for a trial run of this model to realize actual 

benefit.  

As an inherent property, assuming relevant distribution for each input was selected, 

Monte Carlo simulation can only predict possible outcome with assigned probability. 

But it cannot produce any definite result (Lehman et al 2011, Vose 2008). However, 

having range of probable outcome in hand, inventory planner can take much better 

decision under stochastic environment. Such decision would most likely be beneficial 

for a healthy bottom line. However, there is really no better option but to test the results 

in actual environment to realize the true benefit.  

Finally, inventory planning with minimum stock level is a much appreciated effort and 

benefit of such effort has already been realized worldwide (Stößlein et al 2014). 

Therefore, fine tuning of such planning not only helps survive the company with 

competitive advantage but also helps boost up economy.    
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Chapter 9. Further Research Scope: 

We assumed normal distribution of demand with CV < 0.5. So any product having 

distribution other than normal distribution of demand and higher CV value wouldn’t get 

benefit from this study. We didn’t consider batch size and its variability, effect of 

variable review period (Chiang 2013) in our study due to lake of data availability in this 

regard. We also didn’t consider budget constraints during our inventory planning 

decision. These are some important aspects for further research opportunities.  

The current model is expected to produce variable monthly production plan for each 

product. We didn’t explore how this would be adjusted in the production floor in terms 

of capacity and work load management. 
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Appendix 01: Guideline for In-Depth Interview. 

1. Introduction: 

This is a short document aiming to provide guideline for conducting unstructured or In-

depth interview to gain insights of the current inventory planning process of the Case 

Company along with different key aspects and uncertainties involved along this process.  

2. Objective: 

In order to conduct the thesis project aiming to investigate the scope of Monte Carlo 

simulation as support to inventory planning decision, sufficient insight of the as-is 

inventory planning process of the Case Company is a must. Therefore, the objectives of 

this interview are: 

 To gain clear insight of the as-is inventory planning process. 

 Factors that Case Company considers for such planning. 

 Uncertainties and variability involved in the said process. 

 

3. Target Interviewee: 

The Case Company has a division named “Operations Services Division”. This division is 

responsible for the whole supply chain of the Case Company. The head of this division, 

reporting to the Managing Director, is responsible for the high level inventory planning 

decision of finished goods as well as relevant material management. As such, she will be 

the target interviewee for this case study type thesis project. 

4. General Guideline: 

4.1. Information for the Interviewee: 

The interviewee would be informed beforehand the subject and the purpose of this 

interview. She will also be informed about approximate time requirement and preferred 

schedule so as to meet both parties’ convenience. 

4.2. Method of Information Collection: 

The interviewer will conduct the interview through overseas telephone conversation. 

The information gained from this conversation would be captured through note taking. 

Should there be any requirement of secondary data; the interviewee would be 

requested to provide those in electronic format with due permission. 

4.3. Guideline for Question: 
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 Questions should be open ended. For example, instead of asking “Can you 

describe the planning process”, we should be asking, “Please describe the 

inventory planning process” 

 Factual questions should be followed by opinion questions. For example, we 

should be asking “what are the factors influence the planning” then “What do 

you think about those influences?” 

 Use probe as needed. For example, “Can you give an example?” or “Can you 

explain in more details” or “Is there anything else you would like to add?” 

 

4.4. Conclusion of the Interview: 

At the end of the interview, the interviewer would make a quick summary of the note 

and share that with the interviewee. Should there be any requirement of written 

summary share for further clarifications or any requirement of secondary data, such 

post interview activity should be scheduled.   

 

5. Reference: 

Boyce C and Neale P (2006) Conducting In-Depth Interviews: A Guide for Designing and 

Conducting In-Depth Inteviews for Evaluation Input. Pathfinder International Available 

at: http://www.pathfinder.org/publications-tools/Conducting-In-Depth-Interviews-A-

Guide-for-Designing-and-Conducting-In-Depth-Inteviews-for-Evaluation-Input.html 

(accessed 06/05/14) 
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