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I. ABSTRACT 
 
This research’s aim is decreasing the inventory levels for lumpy items by 
determining a new replenishment strategy while keeping the service level 98.5% for 
four Local Distribution Centers at DACHNBL region at Office Depot. Before the 
replenishment methodology a categorization method is applied in order to determine 
lumpy items and then a new forecasting method is determined for these items. 
Finally optimal lot-sizes and re-order points are determined by using existent 
literature about replenishment methodology. The whole methods are used in order to 
optimize the inventory levels in the warehouses. Those new forecasting and new 
replenishment methods are derived analytically and by the help of a simulation 
model. 
 
Results of analyzed products show that if items are categorized by their demand 
characteristics and the appropriate forecasting method is applied based on that 
characteristic, accuracy of the forecast increase. The optimal re-order points provide 
satisfactory results in terms of service level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DISCLAIMER: 
 
All figures and confidential data of 
Office Depot have been masked for 
protection of the company’s 
interests. Some appendices are also 
confidential and are not presented 
in this report. 
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III. MANAGEMENT SUMMARY 
 

Introduction  
 
This Master Thesis is the result of a six-month study at Office Depot. This study is the 
final step in completing my master, Operations Management and Logistics at 
Eindhoven University of Technology. This research is about decreasing the inventory 
levels for lumpy items by determining a new replenishment strategy while keeping the 
service level at 98.5% for four Local Distribution Centers at DACHBNL region at 
Office Depot, managed by the Supply Chain Europe department.  

Office Depot is one of the largest suppliers of office supplies around the world. The 
company was founded in 1986 in North America and expanded rapidly to the rest of 
the world. The European supply chain is supported by operations in 17 Local 
Distribution Centers (LDC). These are divided into six different regions with one 
Central Distribution Center (CDC) that is fully dedicated to Private Brand (PB) 
assortment. This study involves one of those regions, which is called DACHBNL, 
includes Germany, Switzerland and the Netherlands with both PB and other brands.  
Those warehouses get the items from CDC in 5 days, Far East vendors with long lead 
times or the vendors from Europe with shorter lead times. 

Office Depot wants to create a more integrated supply chain in order to improve the 
supply chain performance. According to Power (2005), an integrated supply chain 
model consists of three main elements: information systems, inventory management 
and supply chain relationships. This project is about inventory management in order 
to decrease inventory levels in downstream units. Office Depot is interested in 
creating a new replenishment system due to high inventory levels for LDCs in 
DACHBNL region. But in that project only three warehouses, which are 
Grossostheim, Lanken and Zwolle of DACHBNL region are examined. Lenzburg is 
out of scope because of low market share in Switzerland. In addition, all the 
optimizations are done for Grossostheim, which is the biggest warehouse in that 
region, and is then applied on other two warehouses. The current supply chain is 
illustrated in the following figure: 
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Figure 1: Supply Chain of Office Depot 

The first focus for Office Depot is to manage high inventory levels for lumpy items in 
RDCs. Lumpy items are low demand in terms of both order size and number of orders 
placed per period and those are the items that in some periods there are zero demands. 
It is observed in the company that although demand is low for lumpy items, high 
inventory is kept in the warehouses. 

After the problem statement that the company proposed, a data analysis is done and 
concluded that the problem is the lack of the replenishment methodology based on the 
characteristics of the items. So the research question can be formulated as follows: 

 

How to find the suitable replenishment methodology for lumpy items for single 
echelon inventory system while keeping the service level at a certain level? 

 

As mentioned before the aim is reducing the inventory level in specified LDCs with a 
new replenishment method. The steps of the replenishment process are observed and 
it is concluded that the problem is based on the lack of product categorization and 
making forecasting according to item type. These are the facts that affect inventory 
position. Thus, the main research question is solved by providing answers to the 
following research sub-questions: 

How to classify the items in order to find lumpy items? 

Which forecasting strategy should be used for lumpy items? 

Which inventory policy should be used for lumpy items in one- echelon inventory 
system? 
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What are the control parameters need to be specified? 

This research question and sub-questions will be used as a starting point for this 
project, which focus on a new replenishment methodology to decrease the inventory 
levels while keeping the service level around 98.5% at the company. 

 

Methodology and Research Design 
 

The book “Simulation Modeling and Analysis” written by Law (2007) provides the 
framework for this research project. Based on the characteristics of the system and the 
available data he proposes a number of ways to study a system. A thorough analysis 
of the system under consideration (the RDCs) and its environment concluded in the 
decision to study the system using a simulation study in order to find control 
parameters for each period in inventory study. When choosing for a simulation 
approach, Law (2007) provides three dimensions to decide on the type of simulation 
model are most suitable for modeling the given system. This analysis resulted in the 
choice to model the Office Depot RDCs as a discrete-event simulation model (Law, 
2007). 

A conceptual model is developed and formed the basis for the simulation model. The 
simulation model consists of two independent simulation models, which are linked to 
each other and run synchronically. The first simulation model is a forecasting 
simulation model, which makes weekly and monthly forecasting. Then this is 
transferred to a second simulation model; an inventory control simulation model, 
which controls all the changes to the physical inventory as well as the inventory 
position on a daily basis. Additionally a number of performance outputs are generated 
when running the simulation models. The simulation model is built in Microsoft 
Excel 2007. 

To answer the main research question and a number of additional research questions 
existent literature is searched. In order to answer the first sub-question some decisions 
should be made to find the right categorization schema to determine lumpy items. 
Those decisions are about volume of the item (demand volume), product (unit cost, 
lead time), customer (criticality) or timing (mean inter-demand interval) (see 
Appendix 1).  In this project, volume of the item and timing is taken into account and 
Syntetos et al. (2005) categorization schema is chosen.  

As the continue on Syntetos’s categorization schema research, Syntetos et. al.(2005) 
also proposed forecasting methods which are suitable for each categories. Besides 
using Syntetos & Boylan forecasting method and Croston’s Method which are 
proposed by Syntetos et. al (2005), Simple Exponential Smoothing (SES) is used in 
order to compare those three forecasting methods and find the best method for lumpy 
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items.  

For the third sub-question the (R,s,nQ) replenishment policy is used due to 
company’s circumstances. In Office Depot periodic review is used to monitor 
inventory and there are MOQs and buying multiples that set by the vendors to give 
order. (R,s,nQ) policy means every review period R, the inventory position is 
reviewed. If the inventory position is below the reorder point s, a quantity equal to nQ 
is placed in order to raise the inventory position equal to or minimum quantity above 
the reorder point. Two different review periods will be considered, weekly and 
monthly, in order to see the effect of review period on re-order level. 

Regards to fourth sub-question, while determining the lot-size, the Minimum Order 
Quantity (MOQ) and buying multiple are taken into account. Two approaches are 
considered which are Donselaar (1990) and Kok’s Handout in order to determine re-
order points for all LDCs with given lot-sizes, which are determined in the first step. 
Both approximations measure the performance level of the system in terms of no 
stock out and fulfilling the customer demand during a cycle.  

 

Results and Conclusions 
	  
 
The items are divided into categories by taking the help of Syntetos et al (2005) 
Method and concluded that 43%, 42%, 45% of the items have lumpy characteristics in 
Groossostheim, Lanken and Zwolle warehouses respectively. After performing three 
forecasting methods, the results are determined and evaluated. For weekly forecasting 
in Grossostheim, the best result is gotten from Croston’s Method with the accuracy of 
10%. In contrast, SES Method gives the best result for monthly forecasting which is 
43%. Due to lack of information, there is not an exact comparison between the 
forecasting accuracies between the company’s method and other methods that are 
applied in the project. Based on records, the forecasting accuracy of Office Depot 
varies between 9% and -3%, but these results are not for the items that are used in the 
project. Thus, we can make the conclusion that if the items are categorized and the 
appropriate forecasting method is used, the results are significantly increase for lumpy 
items, because these are the items that really are hard to make forecast about. 

The results of customer service levels show that, Office Depot should continue on 
monthly review for lumpy items and use the technique of Donselaar (1990) in order to 
set reorder levels. In that technique, all stock points reach sufficient service levels 
with inventory savings. 
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2 Introduction 
 
This report is the result of a six-month graduation study at Office Depot. This first 
chapter is an introduction to the company, brands in the company and the supply 
chain at Office Depot. Chapter two provides a clear problem definition, including the 
research objectives and questions and a general approach to reach the objectives. The 
third chapter is about analysis in which literature review takes a part in order to 
understand the problem.  The fourth chapter provides the plan of action, by the help of 
literature review, which concepts are decided to solve the main and sub-questions. 
Chapter five clarifies how the simulation model is built and describes the input and 
output parameters. Chapter six summarizes the analytical and simulation results. 
Finally, chapter eight gives the conclusions of this study followed by the references, 
abbreviations list and appendices. 

 

2.1 Office Depot 
 
Office Depot has found in 1986 and grounded at Florida in United States of America. 
In a short while it expended itself and already had 25 stores in seven different states. 
Then in 1994 Office Depot entered the international market and opened stores at 
Isreal and Colombia. In 1998 Office Depot merged with Viking Office Products, 
which had a big market share in Europe and Australia. Then they expended 

worldwide under the names of 
Office Depot and Viking brands. 
The total profit in 2011 was 
approximately US$11.5 billion 
worldwide. 

Office Depot is one of the 
largest suppliers of office 
products in the world. It operates 

in more than 50 countries. As much as Office Depot has stores, it mainly makes it’s 
selling via direct mail catalogs, contract sales forces, internet sites, using a mix of 
company- owned operations, joint ventures, licensing and franchise agreements, 
alliances and other arrangements. 

Office Depot has three business units, which are North American Retail Division, 
North American Business Solutions Division and International Division. The North 
America Retail Division is responsible for selling all merchandise in the stores at U.S. 
and Puerto Rico. The North American Business Solutions division sells nationally 
branded and private brand office supplies and services by business-to-business (B2B) 
through dedicated sales forces, catalogs and e-commerce. The international division is 
responsible for all the worldwide sales forces to consumers and B2B outside U.S. and 
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Puerto Rico. Also the International Division is divided in three regions; Europe and 
Middle East, Latin America and Asia. 

Total Office Depot Turnover was $ 11.6 billion for the year 2010, which is a 4% 
decrease compared to the year 2009. The comprehensive loss attributable to Office 
Depot was $ 59 million over the year 2010 (Annual Report, 2010). The North 
American Retail Division had almost $ 5.0 billion sales over. 

E-business creates almost 40% of the total turnover, which makes Office Depot one of 
the world’s largest internet suppliers. Office Depot is active in over 50 countries and 
supplies through multiple channels, consisting of office supply stores, contract sales, 
telephone account management sales, e- sales and catalogs (L&D Introduction 
Training Report, 2012). Office Depot's common stock is listed on the New York 
Stock Exchange under the symbol ODP and is included in the S&P 500 Index . Office 
Depot was also named the number 1 ‘Green Retailer’ of the Fortune 500 last year 
(www.officedepot.com). 

 

2.2 Office Depot Europe and Middle East 
 
Office Depot has started to serve Europe in 1994 and it is active in 39 countries now. 
The head quarter of Europe and Middle East Division is in Venlo, the Netherlands. 
According to annual report of 2010, the 
International Division had the 29% of the 
total sales. As part of the International 
Division, Office Depot Europe and Middle 
East is the number one reseller with 8,500 
associates. It has retail activities, both 
directly operated and in partnership, in 
France, Hungary, Israel, Sweden, Saudi- 
Arabia, Dubai and Kuwait. Then in 2011, 
additional operations in Sweden were 
acquired which are adding customers to both 
the contract and the retail distribution 
channels. 

European and Middle East Division uses 
joint ventures, licensing and franchise 
agreements, alliances, retail partnerships and strategic partnerships in order to sell its 
products. It consists of seven regions; DACHBNL, UK & Ireland, Eastern Europe, 
Southern Europe, Sweden, France and Middle East. Each region is responsible for its 
own sales policy and serves specific 
locations. For example, the region 
DACHBNL consists of the countries Germany, Austria, Switzerland, Belgium, The 

Figure	  1:	  Region	  overview	  Office	  Depot	  Europe 
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Netherlands and Luxembourg.. 

2.3 Product Structure   
 
The international division of Europe and the Middle East mainly operates two brands, 
which are Viking and Office Depot. The difference between the two brands is each 
brand focus on different customers groups. The brand Office Depot focuses on large 
companies. The brand Viking focuses on consumers and small and medium 
companies. The total assortment of Office Depot sells more than 10.000 different 
office products in each country. The products are classified into three groups; (1) 
supplies which consists of paper, ink, toner, binder, writing instruments, (2) 
technology which consists of computer, printer, software, digital camera, wireless 
communication products and (3) furniture and other which includes desk, chair, 
luggage, print centers. 

In Europe approximately 30% of the assortment belongs to Private Brand. The 
selections of private brand office supplies include general office supplies, computer 
supplies, business machines and related supplies and office furniture under various 
labels, including Depot, Viking Office Products, 

Foray, Ativa, Realspace 
and Niceday. 

 

With the introduction of PB a new Central Distribution Center (hereafter referred to 
as CDC) was opened in Belgium to support the PB supply chain operations in Europe. 
The CDC is fully dedicated to the PB range and acts as a safety stock buffer for the 
European Local Distribution Centers (hereafter referred to as LDC). With 
the introduction of the CDC an additional shipment method became available 
in addition to directly shipping the products to the LDC’s. The benefit of having a 
CDC in place is the ability for the LDC’s to place orders at the CDC with a short lead 
time instead of the long lead times they would experience when ordering at the Far 
East. The effect is a strongly increased flexibility and lower safety stock requirements 
for the LDC’s. 

2.4 Supply Chain at Office Depot 
 
The European supply chain has variety of distribution and sales channels. The 
company operates with 17 Local Distribution Centers (LDC) which are classified into 
six different regions; DACHNBL (Germany, BENELUX, Switzerland and Austria), 
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UK& Ireland, France& Southern Europe, Eastern Europe and Sweden. From all the 
DCs in Europe, 3 DCs are identified as Regional Distribution Centers (RDC) that can 
expedite orders to other LDCs or serve as a cross-dock facility. The RDCs are located 
in Leicester (UK), Grossostheim (Germany) and Meung-sur-Loire (France). 

The goods may pass through different distribution channels in order to reach to LDC, 
which is the final location before satisfying the customer demand. These channels are 
‘Direct Shipping to LDC or RDCs’, ‘Direct Shipping through RDC’, and ‘Indirect 
Shipping’. The shipment channel is chosen based on the physical volume, demand 
rate, order frequency and lead time of each vendor. The ‘Direct Shipping’ methods 
are introduced for certain product ranges, which are voluminous to eliminate the 
additional costs of indirect shipping. The logistic channel through which a product 
reaches the LDC is fixed per product per LDC. Next the three different channels will 
be discussed in more detail. 

2.4.1 Direct Shipping to LDCs or RDCs 
 
When the demand of the region in particular high enough that a full container load, 
then ‘Direct Shipment from the Vendor’ is preferred. Especially this is applied for Far 
East Vendors. Each LCD 
places an order with a 
review period of 4 weeks 
based on a demand 
forecast. The lead-time, 
which includes 
production and 
transportation time is 10 weeks in average. When the vendor is from Europe, the 
direct shipping is selected when demand volumes are equal to Full Truck Loads. The 
direct shipment is also feasible for those vendors whose purchase price already 
includes transportation fee to any of the DCs in Europe. 

The regions order with a review period of 4 weeks based on demand forecasts. Safety 
stock is held at each LDC to make sure the required service measure is obtained. 
Demand is directly delivered from the inventory at the LDC within 24 hours after the 
order is placed (except for furniture installation, which may take 5 days). However, 
lead times (time from ordering until delivery) for Direct shipments are very long (on 
average a month production lead time and a month shipment lead time). At the 
moment this shipping method is used for shipping chairs to all the regions and for 
some shipments to the U.K., France and Germany. 

 

 

 

Figure	  1:	  Direct	  Shipping	  to	  LDCs	  or	  RDCs 
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2.4.2 Direct Shipping through RDC 
 
As the Regional Distribution Centers are Leicester (UK), Grossostheim (Germany) 
and Meung-sur-Loire (France), that type of shipping is done for that warehouses. 
Each of these regions has a 
RDC that can function as a 
cross-dock facility or as 
stock point for the other 
LDCs in the region. the 
LDCs can request inventory 
from that RDCs in a daily 
basis with a lead time of one 
or two days. When the goods 
are consolidated at the port of 
origin before shipping, that method is applicable. Consolidated orders from the 
vendors arrive to the RDC, where they are unloaded and stored. Below there is an 
example of Direct Shipping through RDC for Grossostheim, Germany (Figure 2). 

2.4.3 Indirect Shipping 
 
In figure 4 the Indirect flow type is graphically shown. In case a LDC cannot be 
supplied from a RDC and they do not demand sufficient volume to apply for Direct 
Shipments, they are replenishment by the Indirect Flow Type Distribution model. 
These so-called ‘Indirect’ shipments pass through the CDC, located in 
Turnhout, Belgium. The CDC operation is fully outsourced to Kuehne + Nagel. For 
the products that are shipped indirectly, safety stock is held at the CDC to guarantee a 
service level of 98% to the LDC’s. LDC’s are replenished on a weekly basis, while 

the inventory at 
the CDC is 
reviewed every 4 
weeks. The CDC 
is able to supply 
all European 
LDC’s directly. 

For Direct 
Shipping through 
RDC and Indirect 
Shipping, the 

Supply Chain 
Department, which is in Venlo places the orders to vendors. It’s responsibility of each 
LDC to place orders to the CDC on a weekly basis. The team place orders that 
eventually arrive to the RDC each month. These are planned according to the sales 
forecast provided by the inventory managers of each region. 

Figure	  2:	  Direct	  Shipping	  through	  RDC 

Figure	  3:	  Indirect	  Shipping 
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2.5 Cost	  Structure	  at	  Supply	  Chain	  Europe	  
 
The department is a cost center with a budget which is determined on a yearly basis. 
For instance the budget for 2012 was $5.200.000 and the costs were divided as can 
be seen in the pie chart which shows the cost of Supply Chain Europe (SCE). 
 
 
Exact details of the 
different expenses will 
be presented on the 
basis of the supply chain 
from down- to 
upstream. However, the 
last three expenses are 
caused over the whole 
supply chain. First, loss 
on exchange occurs due 
to the currency 
differences between the 
Chinese (Yuan), 
European (Euro) and the 
U.S. Dollar (used for 
worldwide business). The second expense is the intercompany interest. A fixed 
interest percentage (10.34% for 2010) should be paid over requested investment from 
the Finance Department for e.g. the required inventory in the CDC. Finally the 
miscellaneous expenses consist of all overhead expenses and personnel costs of the 
Supply Chain Europe department. The expenses from the pie are discussed in the next 
sections. 

2.5.1 Purchasing price 
 
The purchasing price agreed with the supplier is based on ‘Free On Board’ terms and 
includes that the supplier is responsible for delivering the goods to the origin port. In 
case no consolidation is required, Kuehne Nagel (K+N) deliveries containers to a 
supplier who builds the container and thus ready-to-ship containers are delivered to 
the port. The purchasing price is of course not a cost factor generated by Office Depot 
and therefore not shown in the pie chart of Figure 4. However it does form the basis 
on which the transfer price to the regions is calculated. 

2.5.2 Sea Freight Charges 
 
The sea freight costs are fixed all-in rates, which depend on the container size (20GE, 
40GE, 40HC), the origin port and the destination port. The fixed sea freight rates 
include a large number of charges; Terminal handling charges, Terminal security fee, 

Figure	  4:	  Cost	  Pie	  SCE	  2012	  
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Carrier security fee, Destination terminal fee, on carriage fee, provision fee, bunker 
charge (fuel), currency charge, Suez canal charge, Gulf of Aden charge, Peak season 
surcharge and Overweight surcharge. 

Next to the sea freight, the port-to-door transport is also included in the K+N invoices 
of the sea freight transport. These rates are fixed for each route per container type (on 
some routes container type has no influence), thus also for the Direct shipping method 
to all the LDC’s. In some cases CFS handling (Container Freight Station) is required 
at the originating port to guarantee cost efficient transport (consolidation to full 
containers). The CFS Loading Fee depends on the volume that needs to be 
consolidated. The fee is also dependent on the port where the goods are consolidated. 

2.5.3 CDC Warehousing Costs 
 
Warehousing at the CDC in Turnhout consists of a number of handlings required 
to perform the inbound, storage and outbound logistics. The boundaries of the 
CDC warehousing operation are from the point of container arrival until the moment 
the outbound truck is loaded. Containers arrive loosely loaded (master cartons) and 
need to be unloaded in three hours, else additional waiting hour rates are accounted to 
the Sea Freight invoice. 

2.5.4 LDC Local Costs 
 
Currently the truck arrives at the LDC, local costs start to occur. Local costs 
include the LDC warehousing operations (inbound, storage and outbound logistics) 
and the delivery of orders to the end customers. For Direct delivery the palletizing of 
goods also is part of the local costs. Finally, the duties are also part of the local 
accounts, this is the case because goods stored in the CDC are not officially arrived in 
Europe; the duty is booked at the moment the goods arrive at the LDC. The local 
costs are not part of the budget of the Supply Chain Europe department and are 
therefore not shown in the pie chart of Figure 4. 
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3 Research Project 
 
This research project is about developing an optimal replenishment policy for lumpy 
items in order to decrease the inventory levels while keeping the service performance 
at a constant level of the warehouses in DACHBNL region. First, the problem is 
defined, next the research objective is discussed in combination with the research 
questions and finally the project approach is presented. 

 

3.1 Problem Definition   
 
Currently Office Depot is experiencing relatively high stock levels for the products. 
The main cause for this undesirable performance indicator is the ambiguity for 
demand and length of the replenishment lead-time. Replenishment lead time can be 
defined as the time it takes from the moment of placing an order until it is physically 
ready for satisfying customer demand (Silver, Pyke & Peterson; 1998). The main 
contributors to the long replenishment lead-time are the production lead-time at the 
vendor and the shipping time, which is approximately one month for Far East 
shipments.  
 
In order to decrease the stock levels a new replenishment method should be proposed 
to see the effects on the inventory level and service level. That proposed model might 
give better or worse results than the current system. But while considering the new 
replenishment method the inputs of the proposed model should be taken into account 
to get better results. Those inputs are forecasted demand, the demand distribution and 
lot sizing in this situation. Demand forecasting should be based on each item’s 
characteristics because not all methods work properly for all kinds of items and as it is 
seen from Office Depot’s current situation, the same forecasting method is applied for 
all items. If a suited forecasting model would be applied; the results of inventory 
policy would be better in terms of inventory levels and service performance. There are 
several distributions to determine demand distribution but Gamma Distribution will 
be used instead of Normal distribution or Poisson distribution. For instance, if the 
items have smooth demand characteristics, then normal distribution is suitable 
(Syntetos et al.,2010). But as the items are lumpy, Gamma Distribution is used due to 
its high flexibility regarding the variance to mean ratio (Syntetos et al., 2010). In 
addition Burgin and Wild (1967), Burgin (1975) and Johnston (1980) indicate that 
gamma distribution is suitable because it covers a wide range of distribution shapes. 
 
The lot-size might be determined by Economic Order Quantity (EOQ), which is about 
taking into account the cost factor. But in this situation a lot of products have 
Minimum Order Quantities (hereafter referred to as MOQ) set by the vendors. For a 
majority of the vendors these MOQ’s are explicit per SKU. That’s why MOQ lot-
sizes will be calculated based on MOQs. Office Depot is interested in the additional 
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costs they have by having to work with these MOQs. The reason vendors (have to) 
use MOQs often lay in cost efficiency at their production runs due to setup time and 
costs. 

The other approach, which affects inventory levels, may be changing review periods 
from monthly to weekly. But the drawback of changing review period to weekly 
review can be increasing in operations costs due to charging each pallet in the storage. 

This study will focus on analyzing the magnitude of changes in results of the 
proposed model and the current model in terms of inventory level and service 
performance. 
 

3.2 Research Objective and Questions 
 
The objective of this research project is to get more insight in the inventory level of 
lumpy items behavior of the LCDs operations for DACHNBL region. Especially 
when change the inventory replenishment policy. Therefore the first research question 
is; 

 
How to find the suitable replenishment methodology for lumpy items for single 

echelon inventory system while keeping the service level at a certain level? 

 

Before determining the replenishment methodology, the core problems behind the 
replenishment should be determine. One of the important factors for replenishment is 
forecasting. Based on the interviews at Office Depot, the accuracy in forecasting is 
dramatically low. In the current system all the item demands are forecasted in the 
same technique even though there are different demand characteristics. As the most of 
the items’ demand pattern is not smooth, doing the accurate forecasting is a hard 
issue. Thus, determining and ordering the sufficient quantity is a big challenge. If the 
demand is not smooth, traditional replenishment methodologies do not work anymore.  

To approach the main question step by step, the following sub-questions may be 
asked in order to make a clear understanding of the main problem. First of all, the 
following question should be specified; 

How to classify the items in order to find lumpy items? 

The first step should be distinguishing the items smooth-lumpy-erratic-intermittent 
demand in order to make accurate forecasts and replenishment. 

As Office Depot does not have a specific definition for any items, first of all it should 
be determined. Several interviews have conducted with different people in order to 
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understand how they define the items, it is seen that there is no classification system 
in Office Depot. 

The other sub-questions might be listed as follow: 

Which forecasting strategy should be used for lumpy items? 

Which inventory policy should be used for lumpy items in one- echelon inventory 
system? 

What are the control parameters need to be specified? 

These research sub-questions will be answered based on the existing literature and the 
current system in Office Depot. Once the items are classified and then the appropriate 
strategy will be established to make forecasting according to literature then, the 
suitable replenishment will be determined. After that the optimal control parameters 
such as re- order point and optimal lot size will be specified. 

This research question and sub-questions will be used as a starting point for this 
project, which will focus on a new replenishment methodology to decrease the 
inventory level while keeping the service level at 98.5% at the company. 

3.3 Project Approach 
 
The system under investigation is the LDCs of Office Depot, where a system can be 
defined as a facility or process of interest. In order to study a system scientifically one 
often has to make assumptions about its behavior, which results in a representation of 
reality; a model (Law, 2007). This is actually the first step in deciding how to study a 
system assuming 
experimenting with 
the actual system is 
costly. Law (2007) 
presented figure 13 
as the different ways 
to study a system. 

The next question to 
be answered is 
whether to model the 
system physically or 
mathematically. 
Physical models are mainly efficient for studying certain handling operations or 
physical effects, such as a wind tunnel, material handling efficiency, flight simulator, 
etc. This system consists of different variables (demand, inventory etc.) linked to each 
other by logical relationships, implicating a mathematical model is the right choice. 

Figure	  5:	  Ways	  to	  Study	  a	  System	  (Law,2007) 
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The final choice is that between an analytical solution or a simulation study. An 
analytical solution is found by the use of mathematical methods to obtain exact 
information on the research questions. However most real-world systems are too 
complex to allow realistic models to be evaluated analytically and therefore these 
models must be studied by means of simulation (Law, 2007).  
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4 Literature Review 
 
The following section will give the literature review related to the problem of the 
company and the research questions. It is done in order to understand existent studies 
related to project. Then it is easier to determine which potential methods can be 
applied. 
 

4.1 Categorization    
 
In production and operations management, companies often have to deal with many 
different Stock Keeping Units (SKU). According to Silver et al. (1998), SKUs refer to 
items of stock that are completely specific as to function, style, size and color. The 
methods for inventory are influenced by these kinds of item characteristics. 
Differences in sales volume, forecasting of demand, cost of the product or storage 
requirements help to determine different production and inventory policies. In real-
life situations, it is generally seen as advantageous to distinguish a limited number of 
SKU classes based on the characteristics of these SKUs.  

According to Bacchetti and Saccani (2011) categorization might be done based on 
volume of the item (demand volume), product (unit cost, lead time), customer 
(criticality) or timing (mean inter-demand interval) (Appendix 2). The only issue 
with that study is the authors do not mention which criteria may be preferable to 
others in what conditions. 
 

4.2 Forecasting 
 
According to literature of past records for giving reliable estimates of the historic 
consumption is a common problem for forecasting demand for slow moving items. 
There are some forecasting techniques developed for lumpy demand, but they are not 
always appropriate due to assumptions, which have been made. A number of 
techniques that relax these assumptions were developed, the most widely used is the 
Croston’s method (J. Croston, 1972). Croston’s (1972) method separately forecasts 
the non-zero demand size and the inter-arrival time between successive demands 
using simple exponential smoothing (SES), with forecasts being updated only after 
demand occurrences. The assumptions for that method are (1) the distribution of 
nonzero demand sizes is independent and identically distributed (iid) normal, (2) the 
distribution of inter-arrival times is iid Geometric, (3) demand sizes and inter-arrival 
times are mutually independent. Although the first two assumptions are incorrect, as 
the assumption of iid data would result in using simple mean as the forecast, rather 
than SES, for both processes, much of the published empirical analyses of Croston’s 
method have been based on the same assumptions.  

After that some modifications have been done to Croston’s method like using log 
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transformations of both demands and inter-arrival times to restrict the sample space of 
the underlying model to be positive. Both the Croston model and the log-Croston 
model assume non-stationary inter-arrival times, but in practice the inter-arrival times 
are often stationary and uncorrelated (Lydia Shenstone and Rob J. Hyndman, 2005). 
Another extension of Croston’s Method came from Syntetos and Boylan (2001). In 
their study they showed that Croston’s Method leads to a biased estimate of demand 
per unit time. They reported an error in Croston’s mathematical calculation.   

Recently, the bootstrap technique became popular when modeling the intermittent 
demand for slow moving items. T. Willemain, C. Smart and H. Schwarz (2004) have 
a study about forecasting the cumulative distribution of demand over a fixed lead-time 
using a new type of time series bootstrap. They compare the accuracy of bootstrap 
against exponential smoothing and Croston’s forecasting methods. Finally they find 
out that although Croston’s method provides more accurate estimates in terms of 
mean level of demand at the times when demand occurs, it does not provide an overall 
improvement on exponential smoothing when the task is forecasting the entire 
distribution of lead time demand. On the other hand the bootstrap technique clearly 
outperforms exponential smoothing, especially for short lead times. 

 

4.3 Inventory Control Decisions 
 
Replenishment methods are all about when and how much to order. In ordering 
decisions the right balance should be found amongst holding cost in order not to order 
too early, penalty cost to not to order too late and ordering cost in order not to order 
too often. 

There are some stock policies, which are base stock policies and reorder point 
policies. ‘Base stock’ means the desired level of the inventory position. That policy 
usually is used for periodic review systems. In that policy, a stock point orders such 
that the inventory position equals the base stock level. 

In continuous review systems, the order is placed if he inventory position of the stock 
point is equal to or below to a fixed level. 
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Table	  1:	  Classical	  Inventory	  Systems	  

	  

	  

A common example of continuous 
review is the     (s, S) policy, where 
s is the reorder level and S is the 
order-up-to level. When  

 the inventory is below s, an order will be placed to reach the level of S. If it is 
periodic review, then the policy is called (R,s,S). The other common policy is the 
(R,s,Q) policy. Here, Q is defined as the batch size and it generally represents the size 
of a pallet and MOQ in practice. Under this policy, if the inventory position reaches s 
after review period R, an order of Q units is placed with its upstream stage. Some 
papers in literature allow for ordering more than one batch if the inventory position is 
below s. These policies are referred as (R,s,nQ) policies, where n is a minimum 
positive integer in order to rise the inventory equal to or above the reorder point. (s,Q) 
is the other policy in which the inventory is observed continuously and if the 
inventory level is below s, then a fix order Q is placed. Table 1 gives the summary of 
classical inventory policies:  

 

 

 

 

 

 

 

 

 

 

 

 

 
Periodic 
Review 

Continuous 
Review 

Fixed lot size 
(Q/nQ) (R,s,Q) (s,Q) 

Variable lot 
size (R,s, S) (s, S) 
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5 Plan of Action  
 
This section aims to explain which techniques, assumptions and models are used as 
and well as why those techniques, assumptions and models are chosen in order to get 
the answers of sub-questions. 
 

5.1 Categorization 
 
As it is mentioned before, Office Depot does not categorize items. The objective of 
the categorization is the selection of the most appropriate estimation method. While 
choosing the categorization method, inter demand intervals and demand sizes have 
been taken into account to find out lumpy items. The company wants to determine 
the categories based on order quantities and the frequency of the orders. 
 
There were two methods, which meet with those criteria, the first one is Boylan et al. 
(2008) and the other one is Syntetos et al. (2005). Syntetos et al. (2005)’s method is 
chosen over Boylan et al. due to aim of the studies. 
 
Syntetos et al. (2005) followed an analytical approach to develop an inventory rule 
by comparing the MSE (Mean Standard Error) formulas of different forecasting 
estimators. The aim of the Syntetos’s categorization method is finding the best 
forecasting method. The categorization is using two factors, which are the squared 
coefficient of variation (representing demand size variability) and the average inter-
demand interval (representing demand arrival variability). The cut-off values are 
expected to have general validity for a wide range of realistic control parameters. 
 
Boylan et al. (2008) is the extension of Syntetos et al. (2005) and it also considers 
stock control policies. In that study Boylan et al. (2008) decided to reset cut-off value 
of 𝐶𝑉! from 0.49 to 0, as almost 50% of the first data set had zero variance of 
demand size. Thus, this group is named slow instead of intermittent as in the other 
study and the remainder is called lumpy. The other criterion inter-arrival interval is 
replaced by the number of zero demand periods over the last 13 periods, with the cut 
of value being three periods. This criterion is used to separate normal demand from 
intermittent demand. The items are divided as Lumpy, Slow and Non-intermittent in 
that study. 
 
From both studies Syntetos et al. (2005) is chosen for the starting point and the cut-
off value of average inter demand arrival is reset. Because Syntetos et al. (2005) 
worked on automotive industry that it is possible the cut-off values are not 
appropriate for Office Depot’s items. So average inter demand arrival cut-off value is 
customized for Office Depot. 
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The reason why Syntetos et al. (2005) is chosen over Boylan et al. (2008) is 
determining different classes for smooth and erratic items for further researches 
instead of setting just one class for them. Because it is not suitable to use the same 
forecasting approach and demand distribution for inventory control policy.  
 
First of all, Syntetos et al. (2005) study is explained. In the study, the categorization 
rules are expressed in terms of the series’ average inter-demand interval and the 
squared coefficient of variation of the demand sizes (when demand occurs).  
 
The important factors are time 
between executive two demands (the 
demand may be in quantity of 1 or 
more than 1) and the changing in 
magnitude of demand when there is 
demand. In this project, volume of 
the item and timing is taken into 
account and the method of Syntetos 
et al. (2005) is chosen. The 
advantage of that method is it 
already gives a clue about next sub-
question which is ‘Which forecasting 
strategy should be used for lumpy 
items?’. 

The Figure 6 shows the Syntetos et al (2005) Categorization Method, which’s logic is 
used in the project. 
 
We can interpret the categories from the schema as:  
 
Erratic: items have great variability of the requested quantity but the demand is 
approximately constant as distribution in the time. 
Lumpy: items characterized by a lot of intervals with zero demand with a great 
variability in the quantity. 
Smooth: items are constant by time, neither not too much zero demands nor great 
variability in the demand. 
Intermittent: items are characterized by extremely sporadic demand with a not 
accentuated variability in the quantity. 
 
The cut-off values; 
 
ρ : Average interval between two periods which have demand. 
  

ρ = !!
!
!!!
!  

Figure	  6:	  Demand-‐based	  Categorization	  for	  Forecasting	  by	  
Syntetos	  et.	  al	  (2005) 
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where, 
 
𝑡! = 𝑝𝑒𝑟𝑖𝑜𝑑  𝑖 
𝑁 = 𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑒𝑟𝑖𝑜𝑑𝑠  𝑤𝑖𝑡ℎ  𝑛𝑜𝑛 − 𝑧𝑒𝑟𝑜  𝑑𝑒𝑚𝑎𝑛𝑑 
 

𝐶𝑉! =
𝜎!"#$%!

𝐴𝑣𝑒𝑟𝑎𝑔𝑒!"#$%!

!
 

 
The cut off values are determined by per SKU. 
 
There are five steps in order to give guidance and comments on what to consider 
when implementing a categorization scheme (Bucher and Meissner). First thing 
should be done is collecting historic demand data of all SKUs. Then first factor 
categorization; normal, new or old SKUs and it aims to determine the status of an 
item in the product life cycle. If the item is new or old, it is hard to predict with 
parametric forecasts, thus they should be managed manually. The next step is 
determining the average inter-demand interval 𝜌  and the squared coefficient of 
variation of demand size 𝐶𝑉!. Then categorize the SKUs according to Syntetos et al. 
(2005) scheme. Final step is re-grouping the items in a yearly basis. It is important 
because a SKU may change from new to normal and from normal to old. The 
illustration of those steps is the following; 
 

 
Figure	  7:	  Steps	  to	  implement	  a	  demand	  categorization	  scheme 
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But in that study average inter demand arrival cut-off value is reset due to find the 
best forecast accuracy for erratic and lumpy items. In order to find the best cut-off 
values, categorization method is combined to aggregated forecast accuracy of erratic 
and lumpy items. The different values of 𝜌 (Figure 8) are tested to get the best 
forecast result in the total picture. 
 

	  
Figure	  8:	  Moving	  average	  inter	  demand	  cut-‐off	  value 

 
Back to figure 7, in the second step, which is first factor categorization as normal, 
new and old SKUs, is challenging in the project. Two years of demand history (2011-
1012) is gotten from the company but in that data there is no indication that which 
items are new launched and which ones are phased out. Even though the item is not 
launched yet, it is showed that the demand at that period is 0 (zero). Due to lack of 
information, starting points for all SKUs are determined when the first demand is 
occurred. In the same way, even though the item is phased out, the record shows like 
there is no demand, but actually the item is not sold any more. Therefore, the last 
period is determined as when the last demand is occurred in 2011-2012 history. In 
addition, in that study, instead of using 𝜌 = 1.32, it is re-determined as explained 
above. 
 

5.2 FORECASTING   
 
Forecasting is about predicting the future. Forecasts can be based on historic records 
and informed judgments about future events. Forecast is needed in order to set up 
performance standards for customer service, which is important to plan the allocation 
of total inventory, to place replenishment orders or to choose between alternative 
operating strategies (Silver, 1998). 
 
The following figure shows the overall framework of a suggested forecasting system; 
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Figure	  9:	  Suggested	  Forecasting	  Framework	  (Silver,1998)	  

	  
In the current situation, each LDC determines their own monthly forecast 
independently. The tool that is used currently makes forecast for whole year month by 
month in order to see what kind of situation the company might be in. When the next 
review period come, forecasting is updated. In this project, only the next period’s 
forecasting will be determined based on actual historic data instead of randomly 
generated demand. Forecasting is done for two different times bases, on weekly and 
monthly bases. 
 
Before starting forecasting, Everette S. et al.’s model identification is used in order to 
discover if there is seasonality or trend on the behavior of the demand in order to 
determine forecast method. They propose to examine the variances of relevant 
differences of the data. 
 

Table	  2:	  Model	  Identification	  Rules	  

Case Series yielding min. variance Model selected 

A. 𝑋! Constant Level 

B. (𝑋! − 𝑋!!!) Damped Trend 

C. (𝑋! − 2𝑋!!! + 𝑋!!!) Linear Trend 

D. (𝑋! − 𝑋!!!) Constant Level, Seasonal 
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𝑋! indicates demand at time 𝑡. Based on that in the case A, variance of all sample is 
found, in the case B the variance of demand at time 𝑡 + 1 minus demand at time 𝑡 is 
calculated. In the linear trend case three periods demand in a row is considered. In the 
last situation, two years demand (2011-2012) is considered and the variance of 
subtraction of demand in the same period is taken into account. Finally, the smallest 
variance gives the attribute of demand, which is constant level, damped trend, linear 
trend or constant level, seasonal. This table is applied for both weekly and monthly 
demand. 
 
Recall the Syntetos et al. (2005) categorization scheme, if the demand of the item has 
smooth behavior then Croston’s forecasting method is suitable. For all other groups, 
Syntetos & Boylan forecasting method is advised to use. Based on the result of model 
identification (see section 6.1), 95% of the items are in constant level. Thus, while 
applying the forecasting methods, it is considered there is neither trend nor 
seasonality. 
 
Besides the forecasting method which is proposed in Syntetos et. al. (2005) for lumpy 
items, other two different methods are used in order to see which method works better 
on lumpy items. The first one is Simple Exponential Smoothing (SES), the others are 
Croston’s Method (CM) and the extension of Croston which is Syntetos & Boylan 
Forecasting Method (SBM). The reason why SES is chosen to compare with other two 
methods is Croston and Syntetos & Boylan work with exponential weighted moving 
average, which is obtained by using SES. 
 
SES is probably the most widely used statistical method for short term forecasting. 
Conventional SES updates estimates every inventory review whether or not demand 
occurs during this period. If one period ahead, 𝐹!, is forecasted, the forecast of demand 
made in period t, is given by 
 
𝐹! = 𝛼𝐷! + (1− 𝛼)𝐹!!! 
 
where, 
0 < 𝛼 < 1 
 
𝛼   ∶=   𝑠𝑚𝑜𝑜𝑡ℎ𝑖𝑛𝑔  𝑝𝑎𝑟𝑎𝑚𝑒𝑡𝑒𝑟 
𝐷! ∶= 𝑎𝑐𝑡𝑢𝑎𝑙  𝑑𝑒𝑚𝑎𝑛𝑑  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
𝐹! ≔   𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑  𝑑𝑒𝑚𝑎𝑛𝑑  𝑎𝑡  𝑝𝑒𝑟𝑖𝑜𝑑  𝑡  𝑓𝑜𝑟  𝑜𝑛𝑒  𝑝𝑒𝑟𝑖𝑜𝑑  𝑎ℎ𝑒𝑎𝑑 
 
Where significant historical data exist, the average demand in the first 16 periods is 
used as initial estimate of F! for weekly forecasting. The first 3 periods are used to 
determine initial forecasting for monthly forecast.  
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Croston (1972) claims that as demand occurrence becomes more infrequent, with 
some periods having no demand at all, the conventional forecasting methods like SES 
can no longer be recommended. Thus, he suggests treating the size of orders (𝑧!) and 
the intervals between them (𝑛!)  as two separate series and combining their 
exponential weighted moving averages (obtained using SES) to achieve a forecast of 
the demand per period. 
 
Croston (1972) recommends the following updating procedure; 
 
If 𝑧! = 0  (that is, no demand occur) 
 
𝑧! = 𝑧!!! 
𝑛! = 𝑛!!! 
 
If 𝑧! > 0  (that is, a demand transaction occurs) 
 
𝑧! = 𝛼𝑧! + (1− 𝛼)𝑧!!! 
𝑛! = 𝛼𝑛! + (1− 𝛼)𝑛!!! 
 
where 
 
𝑛! ≔ 𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑒𝑟𝑖𝑜𝑑𝑠  𝑠𝑖𝑛𝑐𝑒  𝑡ℎ𝑒  𝑙𝑎𝑠𝑡  𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛 
𝑛! ≔ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑  𝑣𝑎𝑙𝑢𝑒  𝑜𝑓  𝑛  𝑎𝑡  𝑡ℎ𝑒  𝑒𝑛𝑑  𝑜𝑓  𝑝𝑒𝑟𝑖𝑜𝑑  𝑡 
𝑧! ≔ 𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒,𝑎𝑡  𝑡ℎ𝑒  𝑒𝑛𝑑  𝑜𝑓  𝑝𝑒𝑟𝑖𝑜𝑑  𝑡, 𝑜𝑓  𝑡ℎ𝑒  𝑎𝑣𝑒𝑟𝑎𝑔𝑒  𝑡𝑟𝑎𝑛𝑠𝑎𝑐𝑡𝑖𝑜𝑛  𝑠𝑖𝑧𝑒 
 
According to Croston (1972) the forecast for replenishment purposes is needed after a 
transaction. The forecast at that time is, 
 

𝐹! =
𝑧!
𝑛!

 

 
In writing, the method works in the following way; SES estimates the average size of 
demand (𝑧!) and the average interval between demand incidences (𝑛!), are made after 
demand occurs (using the same smoothing constant value, 𝛼). If no demand occurs, 
the estimates remain exactly the same.  
 
Then, when the method is applied on real data, Syntetos and Boylan (2011) show that 
Croston’s estimator is biased. The bias is introduced by estimating the probability of 
demand occurrence from the average inter demand interval. If it is assumed that 
estimators of demand size and demand interval are independent, Croston’s method is 
biased. 
 
Then, Syntetos and Boylan (2001) introduce the following formula, 
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𝐹! = (1−
𝛼
2)
𝑧!
𝑛!

 

 
In Syntetos and Boylan (2001) method, the calculations of 𝑧! and 𝑛! are exactly the 
same, the only difference comes in the calculation of forecasted demand at time 𝑡 for 
one period ahead (𝐹!). 
 
One can expect Syntetos and Boylan (2001)’s new estimator to perform better as  !!!

!
 

gets closer to one. The effect is that Croston’s original method has a smaller (positive) 
bias if  !

!
  is large (few demands are zero), and the Syntetos & Boylan (2001) 

modification has a smaller bias if  !
!
 is small (many demands are zero). 

 
In the case of Croston (1972) and Syntetos & Boylan (2001), the initial estimates for 
𝑧! and 𝑛! are calculated exactly like SES, if weekly forecasting is determined the 
average size of order and the number of periods since the last transaction in the first 16 
periods is used respectively. If it is monthly forecasting, first 3 periods are used to 
determine initial forecasting. Smoothing parameter 𝛼 is optimized on Excel solver and 
the same parameter used for both 𝑧! and 𝑛! for all SKUs. 
 
In order to determine best smoothing constant, Silver (1998) proposed a technique. 
The available demand history is divided into two sections. The first part of the data set 
is used to initialize the model parameters in the updating procedure selected. Then this 
initial value is carried to second portion of the data. Then excel solver is used to 
optimize smoothing constant while taking into account the accuracy method. Finally, 
the maximum accuracy level determines optimal smoothing constant. 
 
According to Silver (1998) there is only one certain thing after forecasting that the 
forecasting will be in error. It is important to monitor these errors in order to determine 
safety stock, to understand possible changes in the values of the parameters of the 
model and finally it is important to provide feedback on the performance. 
 
While calculating the accuracy of forecasting, the performance measure of Office 
Depot and Root Mean Square Error (RMSE) are taken into account. Based on the 
accuracy result, the best forecasting model is chosen. The method that is used by 
Office Depot is; 
 
𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡  𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦! = 1− 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡  𝐸𝑟𝑟𝑜𝑟! 
 

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡  𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦! = 1−
1
𝑇 (  

𝐴!.! − 𝐹!,!
!
!!!

𝐹!,!!
!!!

!

!!!

) 
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As a second error measure, RMSE is used; 
 

𝑅𝑀𝑆𝐸 =
1
𝑁

1
𝑇 (𝐹!,! − 𝐴!,!)!

!

!!!

!

!!!

 

 
Where: 
 
𝐴!,! ≔   𝑎𝑐𝑡𝑢𝑎𝑙  𝑣𝑎𝑙𝑢𝑒  𝑜𝑓  𝑖𝑡𝑒𝑚  𝑖  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
𝐹!,!    ∶= 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡  𝑣𝑎𝑙𝑢𝑒  𝑜𝑓  𝑖𝑡𝑒𝑚  𝑖  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
𝑛   ∶= 𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑖𝑡𝑒𝑚𝑠 
 
In order to determine the best cut-off value (𝜌), aggregate error measures are used for 
lumpy and erratic items. 
 
𝐸𝑟𝑟𝑜𝑟𝑏𝑦𝐶𝑜𝑚𝑝𝑎𝑛𝑦!""#$%&!!"#$%

=
1
𝑇 (  

𝐴!.! − 𝐹!,! !"#$% + 𝐴!.! − 𝐹!,! !""#$%&
!
!!!

!
!!!

𝐹!,!!"#$%
!
!!! + 𝐹!,!!"#$%

!
!!!

!

!!!

) 

 
 
 

𝑅𝑀𝑆𝐸!""#$%&!!"#$% =
𝑛!"#$% ∗ 𝑅𝑀𝑆𝐸!"#$% + 𝑛!""#$%& ∗ 𝑅𝑀𝑆𝐸!""#$%&

𝑛!"#$% + 𝑛!""#$%&
 

 
 
Finally, the best result of one of the error measure techniques indicates that what 𝜌 
value should be used to determine lumpy items and which forecasting method is 
applicable for that set of items. 
 
Also, Mean Squared Error (MSE) of each time is calculated in order to use in section 
4.4.2 (for the calculation of standard deviation of forecast errors). A simple 
exponential smoothing for updating is advocated (Silver, 1998). 
 
𝑀𝑆𝐸! = 𝛽 𝐴! − 𝐹!

! + (1− 𝛽)𝑀𝑆𝐸!!!    
 
where 
 
𝐴! ≔ 𝐴𝑐𝑡𝑢𝑎𝑙  𝑑𝑒𝑚𝑎𝑛𝑑 
𝐹! ≔ 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑  𝑑𝑒𝑚𝑎𝑛𝑑  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡  𝑓𝑜𝑟  𝑡𝑖𝑚𝑒  𝑡 + 1 
𝑀𝑆𝐸! ≔ 𝑡ℎ𝑒  𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒  𝑜𝑓  𝑀𝑆𝐸  𝑎𝑡  𝑡ℎ𝑒  𝑒𝑛𝑑  𝑜𝑓  𝑝𝑒𝑟𝑖𝑜𝑑  𝑡 
𝛽 ≔ 𝑠𝑚𝑜𝑜𝑡ℎ𝑖𝑛𝑔  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡  (𝑛𝑎𝑚𝑒𝑙𝑦  𝑏𝑒𝑡𝑤𝑒𝑒𝑛  0.01  𝑎𝑛𝑑  0.10  (𝑆𝑖𝑙𝑣𝑒𝑟, 1998)) 
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Smoothing constant 𝛽 is optimized in excel solver and it is the same for all items. The 
initial estimate of MSE is the following; 
 

𝑀𝑆𝐸! =
𝐴! − 𝐹!

!

𝑛 − 𝑝

!

!!!!!!

 

 
where the 𝑛 historical periods are numbered from 0 (the most recent period) back 
through −1,−2, 𝑡𝑜  (−𝑛 + 1)  and 𝐹!  is the estimate of  𝐴!  resulting from the 
underlying model when the estimates of its 𝑝  parameters are obtained from the 
historical data. 
When the Croston’s or Syntetos and Boylan’s forecasted methods are the case, the 
quantity of 𝑀𝑆𝐸!(𝐹) is only updated each time when a transaction occurs. 
 

5.3 Stock Control Modelling    
 
For stock control purposes, the application of the periodic re-order point (R,s,nQ) 
policy with review period R is chosen. In this policy time is a discrete variable. The 
system is controlled at the end of every review period R, which can be weekly or 
monthly and if the inventory falls below the re-order point s, a quantity Q is ordered. 
If that order will not bring the inventory position above s, a multiple, n, of the order 
size is requested, where n is the smallest integer such that the inventory position rises 
above s (Kok et. al. 1996). Note that the inventory position, and not the net stock, is 
used to trigger an order. The inventory position takes proper account of the material 
requested but not yet received from the supplier. The inventory position equals to 
inventory on hand, plus on order, less backordered. The ordered quantity is received 
after the replenishment lead-time plus review period (R+L).  
 
The reason why periodic review has been chosen over continues review is continues 
review is generally more expensive in terms of reviewing costs, reviewing errors and 
order cost each time. As the majority of the vendors place in Asia, ordering any time 
is not feasible for both the vendors and Office Depot. That is why there is minimum 
order quantity for each SKU, which is determined by vendor, and it should be ordered 
at least that amount or multiple of that amount. It is going to be shown in section 6.2 
that demand for lumpy items are low, thus it usually takes some time to reach that 
MOQ. Therefore there is no need to make continues review due to low demand. 
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5.4 Policy Parameters 
 
There are two policy parameters that will be considered which are lot-size and re-order 
level. 
	  

5.4.1 Lot-Size 
 
Economic Order Quantity (EOQ) is the most common approach in the literature that it 
is related to minimizing total inventory cost and ordering costs. Office Depot has to 
respect the MOQs and Buying Multiples (BM), which are determined by the vendors. 
The orders are placed in terms of multiples of a lot size, which are Carton, Pallet Layer 
and Full Pallet. The ordering quantity is as follows. Cost is not one of the factors to 
consider for determining of the lot size since MOQ and BM are taken into account. 
Supply Chain Team in Venlo arranges this optimal lot sizes. 
 
𝑄!,! = 𝑀𝑂𝑄! + 𝑛!,!𝐵𝑀!   
 
where, 
 

𝑛!,! =
(𝑠!,! − 𝐼𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦  𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛!,! −𝑀𝑂𝑄!)!

𝐵𝑀!
 

 
In words, the ordered quantity for item i at time t should be the minimum quantity in 
order to make inventory equal to or higher than reorder point s at time t for item i. That 
minimum quantity equals to MOQ for item i plus n times BM of item i. The parameter 
n is determined as reorder point at time t for item i minus inventory position at that 
time minus minimum order quantity of the item divided by buying multiple for the 
item. Therefore, the quantity that should be ordered for an item in order to increase the 
inventory level to reorder point is found based on MOQ and BM of a specific item. 
 

5.4.2 Re-Order Point 
 
The reorder point is the level of inventory when the inventory position is equal to or 
drops under that level, an order is given in order to raise the inventory up to this level. 
As general formula, the re-order point is calculated as, 
 
𝑅𝑒𝑜𝑟𝑑𝑒𝑟  𝑃𝑜𝑖𝑛𝑡 = 𝐸𝑥𝑝𝑒𝑐𝑡𝑒𝑑  𝑑𝑒𝑚𝑎𝑛𝑑  𝑑𝑢𝑟𝑖𝑛𝑔  (𝑙𝑒𝑎𝑑  𝑡𝑖𝑚𝑒 +   𝑟𝑒𝑣𝑖𝑒𝑤  𝑡𝑖𝑚𝑒)

+ 𝑆𝑎𝑓𝑒𝑡𝑦  𝑠𝑡𝑜𝑐𝑘 
 
In all assumptions the first part of the formula is calculated in the same way. The 
difference comes from the calculation of safety stock. Safety stock is the amount of 
inventory is kept on hand in order to be able to respond any uncertainty in demand or 
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supply. The level of safety stock is controllable in the sense that this investment is 
directly related to the desired customer service (Silver et al.,1998). 
 
In this project two different approximations in order to determine reorder point, which 
are Donselaar (1990) and Kok’s Handout is compared. Kok’s technique will be 
specified by the help of Kok’s Excel Model.  

In the inventory policy, time is treated as a discrete variable. The system is controlled 
at the end of every review period; in that case it is at the end of each week or month.  

First of all Kok’s Excel Model is discussed. The variables and assumptions, which are 
used in the approximations, will be demonstrated. 

 
Table	  3:	  Variables	  

𝑫 𝒕𝟏, 𝒕𝟐  Demand during the interval 𝒕𝟏, 𝒕𝟐 , with 
𝒕𝟏, 𝒕𝟐 = 𝒙 𝐈𝒕𝟏< 𝒙   ≤ 𝒕𝟐  

𝒔𝒎𝒂𝒙,𝒊 Maximum reorder point for item  𝑖 
𝒔𝒎𝒊𝒏,𝒊 Minimum reorder point for item 𝑖 
𝒔𝒊,𝒕 Reorder point of item i at time t 
𝑳𝒊 Lead time of item 𝑖 
𝑹 Review Period 
𝑸𝒊 The lot size of item 𝑖- MOQ 
𝚽(𝒌) Standard normal distribution function 
𝒌 Safety factor 
𝜶! Pre-determined service level 
𝑬 …  Expectation …  

 
 
Before explaining the model, there are some assumptions should be specified. In the 
study of Kok it is assumed that the stock position at the moment of ordering is equal to 
reorder point minus undershoot. The undershoot is the amount below reorder point to 
which the inventory position has fallen when the order is placed (Kok et al.,1996). 
According to Silver (1998), there is no stock out if and only if the sum of the 
undershoot and the total demand in the replenishment lead-time is less than the reorder 
point. Thus, it is assumed that undershoots are quite small enough to be neglected 
(Silver,1998). The other assumption is delivery times are constant for each item and 
equal to 𝐿!. The reorder quantity is equal to 𝑄!,! which is derived in section 5.4.1. 
Finally all demand which can not be met immediately from stock is backordered 
 
Kok uses Bisection Procedure to find the optimal re-order point, which fits the service 
criteria. The procedure is explained below. 
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In that case 𝐸 𝐷(0,𝑅 + 𝐿!  means forecasted demand instead of generated demand. 
The model starts with taking the first forecasted demand for lead-time plus review 
period time interval (𝐹!.!) and multiply it with an integer 𝑛 in order to be able to 
satisfy demand with a constraint of predetermined service level. Thus, it calculates the 
possible maximum inventory for item 𝑖  (   𝑠!"#,!) . Then the possible minimum 
inventory level (𝑠!"#,!) is specified, which starts with 0. They are shown as the 
following, 
 
  𝑠!"#,!,! = 𝑛 ∗ 𝐸 𝐷(0,𝑅 + 𝐿!  
 
𝑠!"#,!,! = 0 
 
After that the average of maximum and minimum quantities are calculated. It shows 
the reorder point of item 𝑖 at time 𝑡. 
 

𝑠!,! =
𝑠!"#,! + 𝑠!"#,!

2  

 
Based on the input values, which are ordered quantity  (𝑄!,!), forecasted demand 
during the lead time plus review period (𝐸 𝐷(0,𝑅 + 𝐿! ) and reorder point (𝑠!,!), 
service level (𝑃!) is calculated. 
 

𝑃! = 1−
1

𝑀𝑂𝑄!
𝐸 (𝐷(𝜏!, 𝜏! + 𝐿! − 𝑠!,!)! − 𝐸 (𝐷(0, 𝐿! − 𝑠!,! −𝑀𝑂𝑄!)!  

 
Then the loop starts and continues until minimum inventory, maximum inventory and 
the average of them is equal to each other (  𝑠!"#,!,! = 𝑠!"#,!,! = 𝑠!,!). 
 
If the service level (𝑃!) is bigger than pre-determined service level (𝛼!), the quantity 
for 𝑠!"#,! changes with the quantity of 𝑠!,!, otherwise 𝑠!"#,!,! stays same. The later 
steps for 𝑠!"#,! is like the following, 
 
 

𝑠!"#,!,! =
𝑠!,!                                  𝑖𝑓  𝑃! > 𝛼!

𝑠!"#,!,!                    𝑖𝑓  𝑃! ≤ 𝛼! 

 
 
The same comparison comes for 𝑠!"#,! and explained as if the service level (𝑃!) is 
smaller than pre-determined service level (𝛼!), the value of average quantity of 
𝑠!,!  𝑎𝑛𝑑  𝑠!"!,!,! is taken, otherwise 𝑠!"#,! stays same. 
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𝑠!"#,!,! =
𝑠!,!                                  𝑖𝑓  𝑃! < 𝛼!

𝑠!"#,!,!                      𝑖𝑓  𝑃! ≥ 𝛼! 

 
 
The calculation of reorder point (𝑠!,!) for each 𝑠!"#,!,!  𝑎𝑛𝑑  𝑠!"#,!,! remains same, 
which is the average of maximum and minimum values.  
 
Donselaar’s study is related to the effect of integral stock norms on service level in 
divergent systems. The divergent system consist of at least two levels where there is 
one common part is produced and it goes into several final products. But in this project 
only final product depot will be considered, as the scope is single-echelon inventory. 
The approximation is expressed as follows; 
  
 

𝑠!,! = (𝐿! + 𝑅)𝐹!.! −
!
!
𝑄! + 𝑘

!
!"
∗𝑀𝑂𝑄!! + 𝐿! + 𝑅 ∗ 𝜎!,!!  

 
 
 
Where, 
 
𝑠!,! ∶= 𝑟𝑒𝑜𝑟𝑑𝑒𝑟  𝑝𝑜𝑖𝑛𝑡  𝑓𝑜𝑟  𝑖𝑡𝑒𝑚  𝑖  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
𝐿! ∶=   𝑙𝑒𝑎𝑑  𝑡𝑖𝑚𝑒  𝑜𝑓  𝑖𝑡𝑒𝑚  𝑖 
𝑅 ≔ 𝑟𝑒𝑣𝑖𝑒𝑤  𝑝𝑒𝑟𝑖𝑜𝑑 
𝐹!.! ≔ 𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑  𝑑𝑒𝑚𝑎𝑛𝑑  𝑓𝑜𝑟  𝑖𝑡𝑒𝑚  𝑖  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
𝑀𝑂𝑄! ≔ 𝑙𝑜𝑡  𝑠𝑖𝑧𝑒  𝑜𝑓  𝑖𝑡𝑒𝑚  𝑖  
𝜎!,!! ≔ 𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑  𝑑𝑒𝑣𝑖𝑎𝑡𝑖𝑜𝑛  𝑜𝑓  𝑓𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑒𝑑  𝑑𝑒𝑚𝑎𝑛𝑑  𝑜𝑓  𝑖𝑡𝑒𝑚  𝑖  𝑎𝑡  𝑡𝑖𝑚𝑒  𝑡 
 
Recall equation 𝑀𝑆𝐸! in section 5.2, standard deviation of forecasted error is equal to 
square root of mean squared error of item 𝑖 at time 𝑡 (Silver,1998). 
 
𝜎!,! = 𝑀𝑆𝐸!,! 
 
The reorder point is equal to forecasted demand during the time lead-time plus review 
period plus safety stock. The order policy is periodic review reorder point policy with 
lot sizing every order is equal to (MOQ) or a MOQ plus multiple of BM as discussed 
in section 5.4.1. Forecasted demand of the item in time 𝑡 is used and demand which, 
can not be satisfied due to a shortage of supply will be backordered. 
 
Donselaar (1990) provides two approximations for the reorder point. The first one 
assumes that inventory after demand is normally distributed, with 𝑘 such that; 
 
Φ 𝑘 = 𝛼! 

Safety	  Stock	  
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This formula performs well if the variance term due to lot-sizing does not far exceeds 
the variance term due to demand uncertainty. The second case is applicable if the first 
part of the square root which is !

!"
𝑄!,!!  is 4 times bigger than 𝐿! + 𝑅 𝜎!,!! , then 

inventory after demand is assumed uniformly distributed and the safety factor 𝑘 is 
calculated as,  
 
𝑘 = 𝛼! − 0.5 ∗ 12 
 
In this project forecasted demand (𝐹!.!) and standard deviations of forecasted demand 
(𝜎!,!! ) are either in weekly or monthly time bucket. In order to convert them to lead-
time plus review period time long the following formulas have been used. 
 
𝐹!!! = 𝐿𝑖 + 𝑅 ∗ 𝐹! 
 
𝜎!!! = (𝐿𝑖 + 𝑅) ∗ 𝜎! 
 
𝐿!   𝑎𝑛𝑑  𝑅 values change according to weekly or monthly forecasting. 
 

5.4.3 Determining the Service Level 
 
The service level is determined based on customer satisfaction. Office Depot 
determines service level based on the fraction of customer demand that is fulfilled. 
That is 𝑃!  performance measure. Beside that also 𝑃!  performance measure is 
calculates. 𝑃! is the fraction of cycles in which a stock out does not occur (Silver et 
al.,1998). In other words, it measures the probability of no stock out during a 
replenishment cycle. The second performance measure 𝑃! is the fraction of customer 
demand that is met routinely; that is, without backorders or lost sales (Silver et 
al.,1998).  
 
Office Depot uses 𝑃! performance measure which is fraction of demand satisfied 
directly from the shelf. But in the study both performance measures will be calculated. 
The formulas are as the following, 
 
 

𝑃! = 𝑃 𝑌! ≥ 0 = 1−
𝑁𝑜  𝑜𝑓  𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡  𝑐𝑦𝑐𝑙𝑒𝑠  𝑤𝑖𝑡ℎ  𝑎𝑑𝑑𝑖𝑡𝑖𝑜𝑛𝑎𝑙  𝑏𝑎𝑐𝑘𝑜𝑟𝑑𝑒𝑟𝑠
𝑇𝑜𝑡𝑎𝑙  𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑟𝑒𝑝𝑙𝑒𝑛𝑖𝑠ℎ𝑚𝑒𝑛𝑡  𝑐𝑦𝑐𝑙𝑒𝑠  𝑐𝑜𝑛𝑠𝑖𝑑𝑒𝑟𝑒𝑑  

 
where, 
  
𝑌! denotes the net stock just before the order arrives.  
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The expression indicates that the probability of demand during the interval the 
moment that the order is given until the moment that the order is received after lead 
time plus review period time being less than or equal to the amount of stock (reorder 
point) that had been left when it is ordered. It assumes that reorder point is positive 
(Connie Kohler Gudum and Ton G. de Kok). If the expected demand over the lead-
time plus review time is exactly equal to reorder level, it is expected that stock outs 
occur in some of the replenishment cycles. To sum up, the net stock just before the 
order arrives should be bigger than 0 in order to satisfy customer demand. 
 

𝑃! = 1−
𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑏𝑎𝑐𝑘𝑜𝑟𝑑𝑒𝑟  𝑝𝑒𝑟  𝑝𝑒𝑟𝑖𝑜𝑑
𝐴𝑣𝑒𝑟𝑎𝑔𝑒  𝑑𝑒𝑚𝑎𝑛𝑑  𝑝𝑒𝑟  𝑝𝑒𝑟𝑖𝑜𝑑  

 

The 𝑃! service measure represents a quantity dimension of demand satisfied without 
backorders (Connie Kohler Gudum and Ton g. de Kok). The average backorder per 
period has to be adjusted for double-counts of backorders that are carried over from 
one replenishment cycle to another. 

Note that the service level is measured each period, not per order. 

 

5.5 Expectations 
 
After the first step, which is categorization, is done the company will know which 
items have lumpy demand characteristics. Based on the weekly demand data, it is 
expected that high percentage of the items are lumpy. This categorization will help for 
the subsequent steps, especially for making accurate forecasting. If the accurate 
forecasting model is applied for lumpy item, the accuracy of forecasted demand will 
dramatically increase. 

After increasing the forecasting accuracy, it is expected that the re-order points 
decrease. Because good forecasting is one of the factors that effect the inventory 
levels. 

If necessary order quantity (𝑄!,!) is increased, the required safety stock would increase 
due to more opportunities for stock outs. In addition, increasing in uncertainty of 
forecasts (𝜎!) and better service desired (𝑃!) will cause increasing in required safety 
stock. 

When inventory is reviewed weekly the required safety stock decreases substantially 
while the cycle stock decrease. The average inventory level is a lot lower due to the 
weekly review instead of a monthly review. But, for lumpy items the decrease in 
average inventory can be not really significant due to low demand quantities and high 
MOQ and BM. 
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6 Simulation 
 
In this section the simulation model for inventory control is explained.  Firstly, the 
detailed model description will be presented in order to understand how it is designed. 
Then, model parameters and the performance measures, which are P1 and P2 service 
levels will be described. Finally, the validation of the simulation will be explained. 

6.1 Model Description 
 
According to Law (2007) there are three basic events 
should be modeled and integrated into one simulation 
model. These are the order-arrival event, the demand 
event and the inventory evaluation event. 
 
The order-arrival event indicates the replenishment of 
the inventory system. It shows when the ordered is 
received from the supplier (Figure. In the mean time 
the inventory level increases as the quantity that has 
been received. The moment that order arrives equal to 
the due date of delivery. 
 
The second event, which is illustrated in Figure 9, is 
the demand-event is responsible for generating the 

outflow of items from 
the inventory system. 
That daily demand is 
generated by Gamma Distribution with the parameters 
of shape and scale. According to Silver (1998) if the 
demand distribution is skewed to the right or if the 
ratio of standard deviation/average demand 

(𝜎!!! 𝑥!!!) is greater than 0.5, the distribution is not 

as tractable as normal. Thus, use of the Gamma 
Distribution should be considered. According to data 
set, all the items which are categorized as lumpy has 
the ratio of greater than 0.5. That is why Gamma 
Distribution is used to generate daily demand. 
 
As soon as a demand is generated, the inventory level 
should decrease equal to that amount. If there is not 

enough inventory, then the remaining demand amount 
is backordered until the next order-arrival event 

occurs. 

Figure	  10:	  Order-‐arrival	  event 

Figure	  11:	  Demand	  Event 
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Inventory-evaluation event is the 
last event according to Law 
(2007). This event based on the 
applied review period and order-
up-to level ordering procedure. 
Inventory-evolution will take 
place either at the beginning of 
each week (weekly review) or at 
the beginning of each month 
(monthly review). The physical 
inventory and outstanding orders 
will be reviewed and if it is 
necessary (below re-order point) 
a required order will be 
determined while taking into 
account of MOQ and BM of each 
items. Required order is the 

quantity of the difference between re-order 
point and the inventory position (Figure 10). 

 
Besides those events, in order to calculate the reorder points and service levels for 
each review period a Macro is defined to run the loop. Macro finds the needed item, 
which is chosen from Combo Box in the main menu, from another folder in order to 
put forecasted demand and the standard deviation of forecast error for specified time 
as the input (Appendix D). 
 
The inventory control system is build using Microsoft Office Excel 2007 and the 
exact formulas, descriptions of variables and a screenshot are presented in Appendix 
C. 

Totally there are 4 simulations, which are belong to two different re-order 
approximations and each with two different review periods, are exist for each 
warehouse. 

 

6.2 Simulation Model Parameters 
 
The first parameter is the order-up level, which is related to P2 performance measure. 
The required service level is set to 98.5%. The other one is the lead-time. The lead 
times of all vendors varies between 3 to 67 days depending on the location of the 
vendor. The shorter or longer average lead-time affects the required order-up-to level 
and not directly the performance measure.  

Figure	  12:	  Inventory-‐evaluation	  event 
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The starting inventory is the other parameter that should be considered. In this 
simulation, for the starting inventory position, the actual data is used. The real 
inventory positions for each item are found. In addition, it is assumed that there was 
no backorder from previous periods.  
 
 

6.3 Performance Measures 
 
The simulation model generates a number of outcomes, which are relevant for solving 
the research questions. Those performance measures are; 

• Reorder Point of chosen date 

• The average inventory level 

• 𝑃! Service Measure  (the probability of not being out-of-stock just before a 
replenishment order arrives) 
 

• 𝑃! Service Measure (fraction of demand satisfied in time) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Categorizing the Items, Forecasting and Replenishment Policy with Periodic review for the region of DAHBNLX at Office Depot 

	  

	   	  
	  
	  

44	  

7 Results 
 
The detailed results belong to just one warehouse, which is Grossostheim warehouse 
in Franfurt. The optimal results are determined based on that analysis and then applied 
to other two warehouses which are Lanken and Zwolle.  
 

7.1 Seasonality 
 
The first thing is done finding out whether there is a seasonality or trend on the items 
in order to reach the actual data set. Based on weekly and monthly forecasting, again 
weekly and monthly seasonality is determined. The letters represents Constant Level, 
Damped Trend, Linear Trend and Constant Level Seasonality. The results are like 
following, 
 
Table 4: Weekly Seasonality results 

 

 
 
 
 
 
 
 

 
Weekly seasonality results obviously indicate that really big majority of the items are 
in Constant level when we make the analysis for 2011 and 2012. Thus, 4% of the 
items are out of scope for this project and the rest of analyze are conducted based on 
that 95% of the items. 
 
Table 4: Monthly Seasonality results 

 

 
 
 
 
 
 

 
From the results, majority of the items have neither seasonality nor trend. So, for 
monthly forecasting, the 13% of the items are eliminated and continued with Constant 
Level items, which represents the 87% of the items. 
 
Based on determining seasonality and trend, for Lanken 88% and 84% of the items 
are in constant level in weekly and monthly observations respectively. In the 
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warehouse Zwolle 91% and 80% of the items are in constant level in weekly and 
monthly observations respectively. 

7.2 Categorization & Forecasting 
 
While categorizing the items, weekly historical demand has been used. According to 
categorization schema of Syntetos, the results with original cut-off values of the 
groups are; 
 
Table 5:Categorization of items with original cut-off values 

 
 
 
 
 
 
 

 
When the average inter demand arrival cut-off value 𝜌 has changed and looked for the 
forecast error by two different error measure techniques, the graphs are represented 
below. The errors show the forecasting errors by aggregate level of lumpy and erratic 
items. Firstly, weekly forecasting errors are examined. 
 

 
Figure	  13:Aggregate	  level	  of	  error	  by	  company	  technique,	  weekly	  basis 

 
Based on the figure 13, Croston’s Method gives the best results in every points. But 
specifically if 𝜌 is chosen 1.4, the accuracy is almost 30% for both erratic and lumpy 
items. As 30% of accuracy seems like quite low, it should not be forgotten that lumpy 
items are the items that have zero demands in many periods. That is why company 
technique error is quite sensitive with that kind of items. 
 
The figure 14 shows the RMSE of three different forecasting methods; 
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Figure	  14:	  Aggregate	  level	  of	  error	  by	  RMSE,	  weekly	  basis 

 
The result of RMSE indicates that SES works the best when 𝜌 is equal to 1.25.  
 
Although both error measures give different results, company technique error’s result 
is preferred over RMSE for weekly forecasting. Because demand data set has a lot of 
zero demands on weekly basis and as Croston works with that kind of demand 
behavior, it is more appropriate to apply Croston’s Forecasting Method for lumpy 
items. 
 
Then the best 𝜌 value is determined as 1.4 and the results of the categorization with 
new cut-off value are listed below. 
 
Table	  6:	  Categorization	  of	  items	  with	  customized	  cut-‐off	  value	  

 
 
 
 
 
 

 
Based on the categorization schema, 30% of the items are classified as lumpy and 
specifically Croston’s Method gives 10% accuracy with company technique, RMSE 
gives the result of 4.5. 

 
The monthly forecasting error figures are determined as the following; 
 
 
 
 
 

	  
	  
	  

	  
	  
CONFIDENTIAL	  

	  
CONFIDENTIAL	  



Categorizing the Items, Forecasting and Replenishment Policy with Periodic review for the region of DAHBNLX at Office Depot 

	  

	   	  
	  
	  

47	  

 
Figure	  15:	  Aggregate	  level	  of	  error	  by	  company	  technique,	  monthly	  basis 

 
As it is seen from the graph, the results of Croston and SES are quite close to each 
other. That can be explained by when demand is aggregated from weekly to monthly 
basis, there is not often zero demand periods any more. Therefore, Croston and SES 
work in a similar way. SES gives the best result with 58% of accuracy and 1.15 𝜌 
value. 
 

 
Figure	  16:	  Aggregate	  level	  of	  error	  by	  RMSE,	  monthly	  basis 

 
The result of RMSE indicates that SES works the best when 𝜌 is equal to 1.15.  
 
Although both error measures give different results, company technique error’s result 
is preferred over RMSE for monthly forecasting. Because demand data is aggregated 
in monthly basis and in that case, there is not too much periods with zero demand. 
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S&B method’s focus is working with zeros, when there are not much zero periods, 
there is no need to apply S&B method due to it is complexity. Thus, SES is chosen for 
monthly forecasting. 
 
Then the best 𝜌 value is determined as 1.15 and the results of the categorization with 
new cut-off value are listed below. 
 
Table	  7:	  Categorization	  of	  items	  with	  customized	  cut-‐off	  value	  

 
 
 
 
 
 
 

 
Based on the categorization schema, 43% of the items are classified as lumpy and 
specifically SES Method gives 43% accuracy with company technique, RMSE gives 
the result of 44. 
 
When the cut-off value has changed, every time new optimization is done to 
determine alpha (𝛼) value in order to get best forecasting accuracy. The figure below 
shows the changes in alpha when 𝜌 is changed. 
 
 

	  
Figure	  17:	  Alpha	  changes 

 
Based on the figure 17 alpha values are quite small. According to Silver (1998) high 
smoothing constant (>0.3) suggests that perhaps a trend model is more appropriate. 
Small smoothing constant gives little weight to most recent data. Higher values of 
alpha give more weight to recent data. 
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When we look at the lumpy items, we see that they are also slow moving items, which 
means weekly demands are really low; 93% of the items have average weekly 
demand below 15.  
 
 
In the later analysis (in section 7.3), it is seen that monthly forecasting is found 
applicable. Thus, for other two warehouses, categorization is done by 1.15 average 
inter demand arrival cut-off value and only monthly forecasting with SES method is 
applied. 
 
According to results of Lanken warehouse, 42% of the items are classified as lumpy 
and forecast accuracy is determined as 44%. In Zwolle 45% of the items are classified 
as lumpy and the forecast accuracy is equal to 36%. 
 
When the forecasting of Office Depot is considered, it is known that monthly 
forecasting is used. But due to lack of information, there is not an exact comparison 
between the forecasting accuracies of Office Depot and the one that has been in the 
project. In the company, only direct shipments are recorded and calculated for 
forecasting accuracy. In this case both direct and indirect shipment items are used. 
The forecasted items that are used in this project were not available in the company’s 
records. When the accuracy of other items are observed it is seeing that in some 
months the accuracy is around 5%, but other month it is -2%. The only thing is known 
is, the current forecasting does not work properly and the applied methods work better 
than the current one. 
 

7.3 Customer Service Level 
 
 
Two different models (Donselaar,1990 and Kok) with different review period times 
inventory calculations are done (Appendix C) in order to determine, daily backorders, 
inventory position, how much to order in a period, reorder point and service levels of 
each period during the year of 2012. 
 
There are some tables below, which compare the results of a certain sample. While 
choosing the sample, it is paid attention to choose different items with different 
characteristics. For instance, the items with low demand and low standard deviation or 
higher demand compare to general characteristics of lumpy items with really big 
standard deviation. 
 
Three different review period and forecasting interval has been compared. Those are 
weekly review period-weekly forecasting, monthly review period-monthly forecasting 
and finally weekly review period-monthly forecasting. For instance, if the review 
period is weekly, then weekly forecasted and other weekly inputs have been used. 



Categorizing the Items, Forecasting and Replenishment Policy with Periodic review for the region of DAHBNLX at Office Depot 

	  

	   	  
	  
	  

50	  

Table 9 indicates the weekly mean and standard deviation of the specified lumpy 
items. 
 
 
Table	  8:	  Weekly	  mean	  and	  st.	  dev.	  of	  the	  items	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 10 shows the result of Donselaar (1990)’s Model based on weekly review 
period with weekly forecasting. Some of the performance measures are recorded as 
intervals due to different generated daily demand every time. In the same way, daily 
average inventory also changes, average of that different inventories are recorded. 
 
Table	  9:	  Donselaar	  (1990)	  Weekly	  review	  results	  
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In comparison, the result of Kok’s Model (weekly review-weekly forecasting) is the 
following, 
 
Table	  10:	  Kok's	  Weekly	  review	  results	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Comparing to weekly review periods of two different models, it can be concluded that 
although Kok’s Model indicates slightly better service levels, it is seen that calculated 
reorder points are higher than Donselaar (1990)’s Method. It is also same in terms of 
average daily inventory that in Donselaar (1990)’s Method, there is slightly lower 
inventory is kept. 
 
The following gives the mean and standard deviation of the chosen lumpy items for 
monthly review-monthly forecasting; 
 
Table	  11:	  Monthly	  mean	  and	  st.	  dev.	  of	  the	  items	  
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The reorder point changes based on variation in demand. If the variation is high, then 
the safety stock will be calculated higher in order to be able to face with peak 
demands.  
 
The results of Donselaar (1990)’s Method in terms of monthly review is, 
 
Table	  12:	  Donselaar	  (1990)	  Monthly	  review	  results	  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The results of Kok’s Method is the following, 
 
Table	  13:	  Kok	  Monthly	  review	  results	  
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Firstly comparing the results of two approximations based on monthly reviews it is 
observed that during the simulation Kok’s Model most of the time tend to give 100% 
service level while the service level in Donselaar (1990)’s Method is sometimes lower 
than 95%. But although Kok’s Model gives usually higher service levels, at the same 
time it carries more inventory compare to Donselaar’s approximation. 
 
The aggregate service measures of two inventory model approximations are given 
below. The reorder level results of weekly review-monthly forecasting can be seen 
from Appendix E. 
 
 
Table	  14:	  Aggregate	  service	  levels	  

	  
Kok	   Donselaar	  

	  
P1	   P2	   P1	   P2	  

Weekly	  review-‐weekly	  forecasting	   0.998015913	   0.994460803	   0.997321933	   0.993679483	  
Monthly	  review-‐monthly	  forecasting	   0.996091738	   0.999218348	   0.988187097	   0.993158831	  
Weekly	  review-‐monthly	  forecasting	   0.993396107	   0.997798702	   0.996125507	   0.999225101	  

 
 
When all the results are observed, in terms of performance measures usually Kok’s 
Model’s results are better than Donselaar (1990). Note that target service level is 
98.5% for the company. But before giving the decision about which method is better 
than the other one, other factors should be examined.  
 
The table 15 shows the daily average inventories for all studies; 
 
Table	  15:	  Average	  inventory	  

	  
Kok	   Donselaar	  

Weekly	  review-‐weekly	  forecasting	   1510	   1294	  
Monthly	  review-‐monthly	  forecasting	   2795	   1387	  
Weekly	  review-‐monthly	  forecasting	   1427	   1264	  

 
 
First of all, based on hold inventories, it can be said that Donselaar (1990)’s method is 
better than Kok’s Method. It keeps less inventory compare to Kok. On the other way, 
in weekly review, there is always less inventory is hold compared to monthly review 
for both studies. But when the demand sizes and MOQs of the items are taken into 
account, there is no need to observe inventory on weekly basis. Because demand is 
low and MOQs are high for lumpy items. 
 
As a result, although Donselaar (1990) monthly review-monthly forecasting 
performance measure is lower than Kok’s study, it is still higher than target, which is 
98.5% performance. It can be concluded that monthly review-monthly forecasting of 
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Donselaar (1990)’s Method is preferable than other methods in terms of performance 
measures and keeping inventory. In that method P1 is almost 99% and P2 is 99.5%. 
 
When the preferred model’s inventory result is compared with the existent inventory, 
there is 59% of improvement is seen. It means preferred method keeps 59% less 
inventory for the chosen sample items. 
 
Two items with high MOQs are examined and looked for how the inventory is 
changed if MOQ is reduced. 
 

 
 
It is seen that, if MOQs are decreased, the hold inventory in the warehouse will 
dramatically decrease as well. 
 
According to chosen method, the performance levels of other warehouses are shown 
in table 16; 
 
Table	  16:	  Performance	  Measurements	  of	  Lanken	  and	  Zwolle	  

 

	  
Lanken	   Zwolle	  

	  
P1	   P2	   P1	   P2	  

Monthly	  review-‐monthly	  forecasting	  
(Donselaar,1990)	   0.9973794	   0.99645257	   0.99822629	   0.997339434	  

 
 
Again service levels of Lanken and Zwolle are above target the service level. 
 
 
 
 

	  
	  
	  
	  
CONFIDENTIAL	  
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8 Evaluation 
 
This last chapter starts with a conclusion and discussion of the whole project, 
followed by limitations and further research, and some findings for science. Last, 
recommendations for Office Depot will be given. 

8.1 Application	  of	  Findings	  
	  
The research objective is to define a methodology to plan and control inventory of 
lumpy items for DACHBNL region at Office Depot. Firstly, a categorization schema 
is formed in order to determine lumpy items and that schema is customized for the 
biggest warehouse of the region. As long as Office Depot does not have any 
categorization of the items, this method can be applied to determine item’s 
characteristics as smooth, erratic, intermittent or lumpy. 
 
Secondly, in the current situation, because of lack of categorization all the items are 
behaved in the same way. After determining the categories new forecasting method is 
introduced for lumpy items based on weekly and monthly time intervals. Review 
period is determined as one month in the company. If the review period wants to be 
reduced or increased, the forecasting method should be changed as well. Two 
different forecasting methods are advised for weekly and monthly forecasting that the 
company can apply. 
 
Finally, a tool, which calculates the lot sizes and the reorder points for each review 
period is provided. Each review period reorder size changes due to forecasting value 
and standard deviation of the forecast error of that time interval. Two different review 
periods (weekly/monthly) are compared and concluded that weekly review is not 
suitable for Office Depot due to low demand and high MOQs. That tool can be 
adapted to the company’s existent system. 
	  

8.2 Conclusions 
 
 
The main research question to be answered in this project was: “How to find the 
suitable replenishment methodology for lumpy items for single echelon inventory 
system while keeping the service level at a certain level?” To answer this question, 
five sub-questions were defined (see section 2.2). 

The first sub-question was related to the identification of lumpy items. Section 4.1 
gave the appropriate method that should be used in order to categorize items in the 
company. Based on that 43% percent of the items were called as lumpy. 

Based on that result, the scope of the project narrowed and other type of items were 
eliminated. Then in the next step there are 3 forecasting methods are proposed for 
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lumpy items. The forecasting methods were applied and for weekly demand Croston’s 
Method worked better than other two, which are SES and S&B. In monthly 
forecasting, SES Method performed better. The forecasting methods were compared 
based on their accuracy percentages. 

The other sub-question was about determining the inventory policy for that specified 
items. Two methods, which are Kok’s Handout (Stock Control) and Donselaar (1990) 
were proposed in order to calculate reorder points in weekly or monthly review. Two 
approximations were compared based on their service levels. The last results showed 
that in Donselaar’s approximation, the service levels are quite high while the reorder 
points are not dramatically high in order to meet the demand variation. In Kok’s 
Method, in order to fulfill customer demand, the reorder points and the kept inventory 
is higher than Donselaar.  
 
Two different review periods are compared and reached the result of as long as lumpy 
items have really low demand and the MOQs for the items are quite high, there is no 
need to observe inventory every week. Thus, it is concluded that monthly review is 
better for the company. In addition, MOQ analysis shows that, if MOQs are lower, the 
average inventory, which is hold, is lower as well. 
 
The output of the simulation was performance measure and average inventory level. 
While calculating reorder points, lot sizes are determined based on MOQ and BM, 
which are determined by vendors.  
 

8.3 Limitations 
 
The main limitation is the performance of the forecasting methods and service level 
can not be compared due to lack of data and the different structures in Office Depot. 
First of all, only direct shipments record is hold in the company but in that project the 
items of both direct and indirect shipments are used. Although it is seen like direct 
shipment items can be compared, the same items could not be found in the system. 
 
In terms of safety stock it was again a drawback for comparing the results, because of 
lack of information records and structure differences. In the system that is used in 
company, it is not possible to see the backside calculations to compare with the 
applied methods in the project.   
 
The other limitation is about no records for daily demand for per item. While applying 
the categorization schema, daily demand would be used instead of weekly demand. 
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8.4 Recommendations for Office Depot 
 
From the literature we can make the conclusion of, every forecasting method is not 
applicable for every kind of items. When we combine the studies in the literature and 
that master thesis project, Office Depot should make a categorization for the items in 
order to get better results in terms of forecasting and average inventory. 
 
The second recommendation is, as the lumpy items demands are really low, the 
existent review period which monthly review should be continued, because there is no 
need to control inventory every week with that demand patter. But for high demand 
items weekly review should be considered. 
 
The third recommendation is about the MOQ set by some vendors and the efforts of 
Office Depot to reduce or eliminate these. The simulation model of this study can 
provide an accurate answer of the additional inventory occurring when having to cope 
with a MOQ. Knowing these costs could be valuable knowledge in the negotiations 
with the suppliers about their MOQ settings.  

 

8.5 Contribution to Literature 
 
This project compares two different re-order level approximations in a broaden sense 
in terms of instead of average demand for calculation of reorder points, the forecasted 
demand is used and in addition weekly and monthly review periods are compared. 
The other difference is coming from the item classification. In the previous studies, all 
items without any classification is used, but in that project, first items are categorized 
and lumpy items are found then focused on only lumpy items. 

In the previous studies, average demand is used as the input of re-order calculations, 
but in that study forecasted demand is used. In addition, the simulations are run for 
two different review periods to compare which approximation is better in which 
review period. 
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10 ABREVIATIONS 
	  
 
LDC  Local Distribution Center 

CDC  Central Distribution Center 

SES  Simple Exponential Smoothing 

S&B  Syntetos and Boylan 

CL  Constant Level 

DT  Dammed Trend 

MOQ  Minimum Order Quantity 

PO  Purchase Order 

SKU  Stock Keeping Unit 
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11 APPENDICES 
 

11.1 Appendix A.   Classification schema 
 

Study *Aim Industry Characteristics 
      Volume Product Customer Timing 

Aitken et al. (2003) PS Lighting Demand volume 

Product 
variety,order 
winners,product life 
style - - 

Bhattacharya et al. 
(2007) IM 

Pharmaceut
ical 

Demand volume 
(daily) 

Unit costs,lead 
time,perishability,st
orage cost - - 

Boylan et al. (2008) 
IM/ 
FOR 

Automotive
/ 
aerospace/c
hemical 

Demand volume 
(mean+CoV) - - 

Mean inter-
demand interval 

Chen et al. (2008) IM General 
Demand volume 
(annual) 

Unit 
cost,criticality,lead time - - 

Chrisman (1985) IM 
Cylinder 
parts 

Demand volume 
(annual) Unit cost - - 

Eaves and Kingsman 
(2004) FOR Air Force 

Demand size 
variability 

Lead time 
variability - 

Transaction 
variability 

Ernst and Cohen 
(1990) IM 

Automotive 
(Spare 
parts) 

Demand volume 
(monthly,mean+CoV
,Returns volume) 

Unit cost, product 
life cycle, lead time Criticality Seasonality factor 

Fisher (1997) PS General 
Demand 
predictability - - - 

Flores et al. (1992) IM General 
Demand volume 
(annual) 

Unit cost, lead time, 
criticality (scarcity, 
substitutes) 

Criticality 
(impact) - 

Gajpal et al. (1994) FOR 

Aviation 
(spare 
parts) - - 

production 
facility 
available, 
availability 
of spare 
parts, LT - 

Guvenir and Erel 
(1998) IM University 

Demand volume 
(annual) Unit cost, lead time 

Replaceabil
ity 

No of requests of 
the items in a year 

Ng (2007) IM General 
Demand volume 
(annual) Unit cost, lead time - - 

Portougal (2002) FOR 

Catalogue 
fashoin 
retailing Demand volume Profit margin - - 

Ramanathan (2006) IM General 
Demand volume 
(annual) 

Unit 
cost,criticality,lead 
time - - 

Sani and Kingsman 
(1997) FOR 

Agricultura
l machinery 
(spare 
parts) 

Demand volume 
(annual) - - - 
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Syntetos et al. (2005) FOR Automotive 
Demand size 
(squared CoV) - - 

Mean inter-
demand interval 

Wu et al. (2006) FOR 

Short 
lifecycle 
tech 
products 

Demand pattern 
(lifecycle) - - - 

Zhou and Fan (2007) IM General 
Demand volume 
(annual) 

Unit cost(mean), 
lead time - - 

 
 
* Aim= Inventory Management (IM), Forecasting (FOR) or Production Strategy (PS) 
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11.2 Appendix B.   Some of the Vendors with Items 
	  
CONFIDENTIAL	  
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11.3 Appendix C.    Inventory Calculations 
 
CONFIDENTIAL 
 
 
 
Input parameters 

# /pallet   P   Capacity of a full pallet in sell units  

Lead-time   L   Lead time of a purchase order in days 

MPU    MPU   Minimum Pallet Utilization in sell units 

k; alpha (shape)  k  Shape parameter of the Gamma distribution 

θ; beta (scale)   θ   Scale parameter of the Gamma distribution 

MOQ    MOQ   Minimum Order Quantity in sell units 

S    S   Order-up-to level in sell units 

Review   R  Review period (1=weekly, 2= monthly) 

Physical Stock Position 

Day    𝑡 Current date 

    𝑡 = 𝑡!!! + 1 The current day is equal to the day before 
plus one 

Start Inv.   𝑆𝐼!  Start inventory before replenishment for day t 

    SIt = EIt-1 The starting inventory for day t is equal to 
the ending inventory of the day before. 

Inbound   𝐼𝑁! Replenishment quantity for day t 

    𝐼𝑁! = 𝑆𝑈𝑀𝐼𝐹(𝐷𝐷!:𝐷𝐷!!!, 𝑡,𝑄𝑀𝑂𝑄!:𝑄𝑀𝑂𝑄!!! 

    The inbound quantity for day t is equal to all ordered 
quantities with a due date equal to the current day. 

Start Inv. + Inb.  𝑆𝐼𝐼!  Start inventory after replenishment for day t 

    𝑆𝐼𝐼! = 𝑆𝐼! + 𝐼𝑁!  the start inventory after replenishment 
for day t is equal to the starting inventory plus the inbound quantity for that day. 

S.O.    𝑆𝑂! Incoming sales order for day t (demand) 

    𝑆𝑂! = 𝑅𝑂𝑈𝑁𝐷(𝐺𝐴𝑀𝑀𝐴𝐼𝑁𝑉 𝑅𝐴𝑁𝐷 . . , 𝑘,𝜃 , 0)  for 
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each demand occurrence 

The demand is generated using the random number generator of Excel 
(0<RAND()<1), which is put into the inverse gamma function. This results in a 
randomly generated number from the gamma distribution with given parameters. The 
result is rounded to the nearest integer, because demand can only occur in full units. 

 

Outbound   𝑂𝐵! Amount of sell units leaving the warehouse for day 
t 

𝑂𝐵! = 𝑀𝐼𝑁(𝑆𝐼𝐼! , 𝑆𝑂! + 𝐵𝑂!!! 

The amount of units leaving the warehouse for day t is of course restricted by the 
available amount in stock. The amount which should leave the warehouse is equal to 
the incoming sales order and, if applicable, the remaining backorder quantities. 

Cum. BO   𝐵𝑂! Amount of sell units in backorder (cumulative) for 
day t 

𝐵𝑂! = 𝑀𝐴𝑋(0, 𝑆𝑂! − 𝑆𝐼𝐼! + 𝐵𝑂!!! 

If on a specific day the amount of units which should leave the warehouse is more 
than the available amount of units, a backorder is created. The amount backordered 
is the difference between what s available and what is required (thus partial 
shipments are possible). 

End Inv.    𝐸𝐼!  Ending inventory for day t 

𝐸𝐼! = 𝑆𝐼𝐼! − 𝑂𝐵! The ending inventory for day t is 
equal to the beginning inventory less the amount of units 
leaving the warehouse. 

 

Order Quantity Calculation 

Review?    𝑅?! Is the inventory reviewed at day t? (1 = yes, 0 = no) 

𝑅?! = 𝐼𝐹(𝑅
= 1, 𝐼𝐹 𝐷𝐴𝑌 𝑡 = 1,1,0 , 𝐼𝐹 𝑀𝑂𝑁𝑇𝐻 𝑡
= 1,1,0 )) 

This formula checks for day t whether or not an inventory review is planned. The 
outcome of this function fully depends on the input parameter R and the current day. 
If the outcome is 1 an inventory review is required, else not. 

Outst. POs   𝑂𝑃𝑂! The amount of sell units in outstanding PO’s for 
day t 
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𝑂𝑃𝑂! = 𝑆𝑈𝑀𝐼𝐹(𝐷𝐷!:𝐷𝐷!!! > 𝑡,𝑄𝑀𝑂𝑄!:𝑄𝑀𝑂𝑄!!! 

The amount of units for day t is checked by summing all previously ordered quantities 
with a due date which is later than the current day. 

Inv. Pos.   POSt The inventory position at day t 

POSt = EIt – Bot + OPOt 

The inventory position for day t is equal to the ending inventory plus the outstanding 
purchase order quantities. 

Q necessary   𝑄!  The required order quantity in sell units for day t 

𝑄! = 𝑆 − 𝑃𝑂𝑆! The required order quantity for day t is 
equal to the input parameter S minus the inventory position for 
that day. 

Q ordered   𝑄!,! = 𝑖𝑓(𝑄! < 𝑠!,! ,𝑀𝑂𝑄,𝑀𝑂𝑄 + 𝑛𝐵𝑀) 

It is the actual ordered quantity based on MOQ and BM
   

Due-Date   𝐷𝐷!  Due date for order placed at day t 

𝐷𝐷! = 𝑡 + 𝐿 The due date for there quired and 
corrected order quantity is equal to the current date plus lead-
time. 

Output Parameters 

Average inventory during the simulation. The average is taken of the ending 
inventory over the simulation period. 

 

P1   Probability of not being out-of-stock just before a 
replenishment order arrives (Handout stock control, de Kok) 

The P1 service measure is calculated using an extra column not shown in the 
screenshot. This column generates a 0 or 1 for every replenishment occurrence. For 
each of these occurrences it checks if the amount of backorders is greater than zero, 
and if that is the case a 1 is registered, else a 0. The formula for measuring the P1 
then counts the amount of one’s and divides this by the total amount of zero’s and 
one’s. This figure is subtracted from 1, which results in the out-of-stock probability 
just before replenishment. 

 

P2   Long-run fraction of total demand, which is being delivered 
from stock on hand; also known as the fill-rate (Handout stock control, de Kok) 
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The P2 measure is also calculated using an extra column not shown in the screenshot. 
This column checks for new backorders every day. In case there are already 
backorders and a sales order comes in, only the amount of the sales order which 
cannot be met from demand is registered. To calculate the P2 measure the new 
backorder amounts are summarized and divided by the summarized incoming sales 
order amounts. This figure is subtracted from 1 which results in the fraction of 
demand delivered from stock on hand. 
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11.1 Appendix D. Macro Code 
 

Sub Test2() 
 
N = 
Worksheets("Sheet7").Range("A:A").Cells.SpecialCells(xlCellTypeConstants).Count 
 
Dim Part As String 
 
Part = Sheets("reordercalculations").Cells(2, 8) 
 
For j = 2 To 7317 
 
    If Sheets("sheet6").Cells(j, 1) = Part Then 
     
            For k = 1 To 44 
             
                Sheets("sheet7").Cells(k + 1, 1) = Sheets("sheet6").Cells(j, k + 1) 
             
            Next k 
     
    End If 
 
Next j 
 
For i = 0 To N - 1 
 
    A = Sheets("sheet7").Cells(i + 2, 1) 
 
    Sheets("Donselaar-weekly").Cells(2, 3) = A 
     
    B = Sheets("Donselaar-weekly").Cells(2, 17) 
     
    Sheets("sheet7").Cells(2 + 5 * i, 3) = B 
 
Next i 
 
End Sub 
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11.3 Appendix E. Results of Weekly Review-Monthly Forecasting 
 

Table	  17:Weekly	  review-‐Monthly	  forecasting	  (Donselaar,1990)	  

	  

CONFIDENTIAL 

 

 

Table	  18:Weekly	  review-‐Monthly	  forecasting	  (Kok)	  
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