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ABSTRACT 
With growing markets and customers being geographically spread out, more pressure is put on a 

company’s logistics processes and their inventory structures are becoming more complex. This puts 

more pressure on the inventory control solution provided by a company like IFS, that supports their 

customers with inventory control through the Inventory Planning and Replenishment module in IFS 

Applications. As their customers’ supply chains grow larger, their inventory structures become more 

complex the next step is to find a solution for the IPR module more suitable in a called multi-echelon 

structure, i.e. several tiers of stock locations, such as local, regional and central warehouses.  

 

The purpose of this study is to compare a reorder point model with a solution suitable in a multi-echelon setting 

and investigate how they are able to manage uncertainties with service level targets.  

 

A literature study was performed, to find previous research on inventory control in multi-echelon 

inventory systems. In the literature study, the importance of coordination and information sharing 

between the echelons was emphasized and used as a focus when finding a suitable multi-echelon 

model. To answer the purpose a theoretical model was formulated from the findings in previous 

research, with a replenishment method suitable in a multi-echelon environment. The inventory 

control models also included lot sizing method and a safety mechanism, where the difference between 

the models were their respective replenishment policy. The theoretical model was based on the 

replenishment method Distribution Requirements Planning (DRP), as it enables information sharing, 

coordination and synchronization of the supply chain, while the other inventory control model uses 

the Reorder Point method (ROP). 

 

As information sharing was emphasized in previous research on multi-echelon systems, and the main 

difference between the two inventory control models is the information sharing in the DRP model, 

the important question to be answered with the comparison is; what effects and benefits can be 

achieved through information sharing in a multi-echelon inventory system? The two inventory 

control models were then simulated in Excel and exposed to even demand and seasonal variations in 

an inventory structure with three echelons and four sites, see figure below. When analyzing the results 

three evaluation criteria were used; difference in service levels, average inventory levels and if there 

were signs of overstocking in the regional and central warehouse, i.e. if the system was exposed to 

the bullwhip effect.    

 

 



 

 

 

 

 

The analysis was carried out based on the criteria above and divided into three sections. First, 

differences between the models for even demand were investigated. The same procedure followed 

for seasonal demand, identifying differences and what caused them. Findings were then summed up 

at the end of the chapter. For even demand, differences were small and sharing information does not 

give large benefits. Under seasonal demand though, sharing information proved to be very beneficial, 

reducing average inventory held in the system by 60%, compared to not sharing information. This 

because sharing information together with synchronizing eliminates the bullwhip effect. 

 

By testing different standard deviations, changing lead times and order quantities, using forecast or 

being blind to forecast, the robustness of the conclusions drawn from the analysis was put to the test. 

Carrying out a sensitivity analysis on the models served two purposes. First, finding more evidence 

promoting the benefits of synchronizing the supply chain and how important it is that the shared 

information is correct, otherwise the benefits are reduced. The second purpose was to validate that 

the models performed as expected when changing input data.  

 
The conclusions were the following: 
 

• Information sharing enables synchronization of the supply chain 

• Synchronization allows for reaching higher service levels with lower inventory levels 
 

Findings suggest that by sharing information, which must be the first step, synchronizing the 

inventory system is possible. It is the synchronization that creates the real benefits, such as higher 

service levels and lower inventory levels. However, the quality and accuracy of the shared information 

was found to play an important role. Sharing inaccurate or wrong information increase the risk of the 

system starting to suffer from the bullwhip effect, resulting in higher inventory levels and lower 

service levels. 
 
 
  



 

 

 

 

SAMMANFATTNING 
Med växande marknader och kunders geografiska spridning läggs högre krav på ett företags logistiska 

processer, samtidigt som deras lagerstrukturer blir alltmer komplexa. Detta ställer i sin tur höga krav 

på lösningar för lagerstyrning, som erbjuds av företag som IFS. IFS erbjuder sina kunder stöd för 

lagerstyrning genom modulen Inventory Planning and Replenishment i IFS Applications. Eftersom 

IFS kunders supply chains växer sig allt större, och därigenom får mer komplexa lagerstrukturer, är 

nästa steg att hitta en lösning för IPR:n som passar i så kallade multi-echelon miljöer. En multi-

echelon lagerstruktur har flera lagernivåer, med till exempel lokala, regionala och centrala lager.  

 

Syftet med denna studie är att jämföra en beställningspunktsmodell med en lösning som passar i en multi-echelon 

struktur och undersöka hur dessa klarar av att hantera osäkerheter med målstyrda servicenivåer.  

 

En litteraturstudie genomfördes för att hitta tidigare forskning inom lagerstyrning i multi-echelon-

strukturer. I litteraturstudien betonades vikten av koordinering och informationsdelning mellan 

lagernivåer, vilket används som fokus för att hitta en lagerstyrningsmodell som passar i multi-echelon-

strukturer. För att besvara syftet formulerades en teoretisk lagerstyrningsmodell med en 

försörjningsmetod anpassad för multi-echelonstrukturer. Lagerstyrningsmodellerna innehöll även 

partistorleksmetod och en säkerhetsmekanism, där skillnaden mellan modellerna låg hos respektive 

försörjningsmetod. Den teoretiska modellen baserades på försörjningsmetoden Distribution 

Requirements Planning, DRP, som möjliggör informationsdelning samt koordinering och 

synkronisering av kedjan, medan den andra lagerstyrningsmodellen baserades på 

försörjningsmetoden Beställningspunktsystem (Reorder point, ROP, på engelska).  

 

Eftersom informationsdelning betonats i tidigare forskning, och den stora skillnaden mellan 

modellerna är informationsdelning, är den viktiga frågan som ska besvaras genom denna studie; vilka 

effekter och fördelar kan fås med informationsdelning i en multi-echelonstruktur? De två modellerna 

simulerades sedan i Excel, och kördes med jämn efterfrågan och säsongsefterfrågan i en lagerstruktur 

enligt bilden nedan, med tre lagernivåer och fyra lagerpunkter. Vid analys av simuleringsresultaten 

användes följande utvärderingskriterier; skillnad i servicenivåer och lagernivåer mellan modellerna 

och om någon av modellerna utsattes för bullwhip effekten i det regionala eller centrala lagret.   

 

 
Analysen genomfördes med utgångspunkt i kriterierna ovan och delades upp i tre delar. Först 

undersöktes skillnader mellan modellerna för jämn efterfrågan. Sedan gjordes samma sak för 



 

 

 

 

säsongsefterfrågan, där skillnader identifierades och orsaken till skillnaderna söktes. Analysen 

summerades sedan i slutet av kapitlet. För jämn efterfrågan var skillnaderna små och 

informationsdelning gav inga större fördelar. För säsongsefterfrågan däremot, visade sig 

informationsdelning göra stor skillnad och vara väldigt fördelaktigt, där reducering av medellager i 

systemet om 60 %, jämfört med att inte dela information. Orsaken till detta är att 

informationsdelningen tillsammans med synkroniseringen eliminerar bullwhip-effekten. 

 

Genom att testa olika standardavvikelser, ändra ledtider och orderkvantiteter, att använda prognos 

eller att vara blind för prognos, kunde robustheten i analysens slutsatser testas. Känslighetsanalysen 

för modellerna hade två syften. Det första var att stärka fördelarna med att synkronisera 

försörjningskedjan men också visa på vikten av att dela rätt information, annars visar sig fördelarna 

minska. Det andra syftet var att validera att modellerna presterade i linje med förväntningarna när 

indata förändrades. 

 

Följande slutsatser har dragits: 

 

• Informationsdelning möjliggör synkronisering av försörjningskedjan 

• Synkroniseringen kan ge högre servicenivåer med lägre lagernivåer 

 

Fynden pekar på att genom att dela information, vilket är första steget, möjliggörs synkronisering. 

Däremot är det synkroniseringen i sig som skapar fördelarna som högre servicenivåer och lägre 

lagernivåer. Det visar sig att kvaliteten och träffsäkerheten i den delade informationen spelar en viktig 

roll. Att dela missvisande eller felaktig information ökar risken för att systemet utsätts för bullwhip-

effekten, något som leder till högre lagernivåer och lägre servicenivåer. 
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1 INTRODUCTION 
This chapter is an introduction to this study and includes a background description, the study’s 

purpose as well as directives given by the study’s client and the report disposition.   

 

1.1 BACKGROUND 

Some of the challenges a company faces are the complexity of managing a broader network of 

suppliers and customers, and the geographical impact as to where the markets are located as well as 

the time and distance (Skjott-Larsen, et al., 2007). Globalization has resulted in markets growing 

bigger, with customers and suppliers being geographically spread out, and more pressure is added on 

the control of the logistics process and results in more complicated logistics networks (Oskarsson, et 

al., 2013). Lately, the customer requirements on short delivery times have increased and thus the 

customer lead time has become an important part of a company’s competitiveness. To be able to 

obtain a short customer lead time, a company must work in cooperation with suppliers and customers 

in supply chains (Mattsson, 2012). With the requirement on short lead times, customers require high 

stock availability, putting even more pressure on a company’s supply chain performance.  

 

When companies establish new sites on local markets, a result of the focus on short lead times, they 

require an inventory control system that can handle multi-site inventories. The current module, IFS 

Applications Inventory Planning and Replenishment (IPR), uses a reorder point model that can 

perform inventory planning in simple inventory structures, such as the one site inventory system 

illustrated in Figure 1. In a simple structure, the reorder point model can maintain required service 

level and manage uncertainties in demand (Björklund, 2017)1.  

 
Figure 1. A simple inventory structure with supplier, inventory site and end customer. 

As the IFS customer’s supply chains are growing larger, their inventory structures are becoming more 

complex. A more complex inventory structure is referred to as a multi-echelon inventory system and 

the inventory sites are usually geographically spread out (Björklund, 2017)1. See Figure 2 for an 

illustration of a more complex structure.  

 

                                                      
1 Jakob Björklund, Senior Advisor, Manufacturing, Supply Chain & Global Extension. 
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Figure 2. Illustration of a more complex inventory structure with supplier, multi-site inventories and end customers. 

Even though the IPR module can perform inventory planning in a more complex structure, such as 

the one illustrated in Figure 2, the reorder point is more suited in a single-echelon environment. Thus, 

the next step is to find a solution for the IPR module more suitable in a multi-echelon environment 

that can manage uncertainties in demand, and avoiding overstocking as well as maintaining required 

service levels.  

 

1.2 PURPOSE 

To compare a reorder point model with a solution suitable in a multi-echelon setting and investigate 

how they are able to manage uncertainties with service level targets. 

 

1.3 PURPOSE CLARIFICATION 

To clarify the purpose of this study, the terms used when describing the purpose will be further 

explained in this paragraph.  

 

Comparing two models 

The reorder point model is already defined through the IPR module at IFS, and the multi-echelon 

model will be formulated from previous research in literature. The main difference between the 

reorder point model and the multi-echelon model will be the replenishment policy used. The 

definition of a model in this study is, a replenishment policy with an order quantity and a safety 

mechanism. 

 

Multi-echelon 

Because IFS’s customers are getting more complex supply chains, so called multi-echelon inventory 

systems, as seen in Figure 2, a central part of this study is to compare the models in such a system.  

 

Uncertainties in demand 

In an inventory supply chain, variations in demand and lead times will affect the inventory planning 

performance and is therefore of interest in this study. Due to a directive given by IFS, uncertainties 
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in lead times will not be included, see 1.4 Directives. Therefore, the focus of this study will be 

solemnly on uncertainties in demand.  

 

Service levels  

When mentioning service level targets, IFS refer to the required service levels where the end customer 

demand is met in the inventory structure. To meet the required service level targets and to manage 

uncertainties in demand, it would be possible to stock up items at each site to prevent a site from 

stock out situations. As overstocking is not desirable in an inventory system, the stock levels will be 

considered when comparing the models.  

 

1.4 DIRECTIVES  

In the sections above the background of this study has been defined followed by its purpose. 

Furthermore, several directives have been specified by Björklund (2017)1 to be used as starting points 

in the process of finding a solution that will be presented in this section.  

 

➢ A strictly hierarchical inventory structure with one starting point will be studied, where all 

sites have a sole successor and no transshipments are allowed. 

➢ The inventory structure is assumed to have one supplier with no limits in supplying the 

system. 

➢ The inventory sites in the structure are assumed to have no limits in storage capacity.  

➢ Lead time will be assumed to be constant, thus eliminating lead time variations.  

➢ In the inventory model the lot size should be fix for each site and the ordering interval 

dynamic. 

➢ Centralized inventory control is assumed, meaning that the planning decisions are made by 

the IPR module and are not made manually. 

➢ The inventory control models will be tested on part level, meaning the part is a finished 

goods item where no dependencies on other parts exist. 

➢ Inventory inspection will be made daily and demand is assumed to be normally distributed.  

 

The directive regarding a hierarchical inventory structure was set to make the study easier, eliminating 

having to add transshipment functionality. Having but one supplier, eliminates having to determine 

which warehouse should supply which warehouses, and what to do if one warehouse cannot supply, 

should another warehouse then send a shipment instead. No limits in storage capacity allowed for 

determining lot sizes and not having to take into consideration the storage capacity. Lead times are 

assumed to be constant, this because the study is set within the environment of an ERP system. The 

study is meant to serve as a proof of concept which means that lead times can be assumed to be 

constant. It also serves to allow focus to be about managing the uncertainties in demand. The fixed 

order quantity was a directive to make the study easier and not having to focus on determining a way 

to change the quantity, allowing focus to be about managing the uncertainties in demand. Assuming 

independent demand was done because the demand patterns should not be dependent on factors 

than the variation in demand. Inventory inspection will be done daily because the regular routine 

used by IFS is to run update jobs during the night, allowing the study to use daily inspection. 

 

This study is based on finding models for managing uncertainties in a multi-echelon inventory system. 

The inventory structure that the models are to be applicable in is illustrated in Figure 3. Given by the 

                                                      
1 Jakob Björklund, Senior Advisor, Manufacturing, Supply Chain & Global Extension. 
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directives of this study, the starting point is supplied by a single manufacturer. As stated in the 

purpose, the models will only include parameters that affect the inventory system. Therefore, the 

system to be studied will not include the supplying unit or the end customer. The reason for not 

including the end customer, while including the end customer demand, is the assumption that their 

behavior cannot be affected. Customer demand is considered fix. Regarding the supplying unit, it is 

assumed to have unlimited supply capacity and does not affect the inventory planning. Thus, the 

system limits are drawn just after the supplying unit, to include the lead time of the supplying unit as 

it will affect the inventory planning in the starting point, and just before the end customer to include 

the end customer flow, as that is where the service rate is measured.  

 

 
Figure 3. Illustration of the studied system. 
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2 INVENTORY PLANNING AND REPLENISHMENT IN IFS APPLICATIONS 
In this section, a short introduction to what IFS does can be found with a brief description of the 

current inventory control solution, based on a reorder point. If nothing else is stated information has 

been given in one of the interviews with the study’s advisors at IFS.  

 

2.1 AN INCTRODUCTION TO IFS 

IFS is a company that develops and delivers business systems for Enterprise Resource Planning 

(ERP), Enterprise Asset Management (EAM) and Enterprise Service Management (ESM). IFS has 

four core areas around which they build solutions; Service & Asset Management, Manufacturing, 

Projects and Supply Chain Management. (IFS, 2017) IFS offers a system that allows its customers to 

be prepared for changes in the market and being able to make better use of the clients’ resources to 

be more competitive. (IFS, 2017) 

 

IFS was founded in Linköping 1983 and released its first software product two years later. In 1990 

IFS launched its IFS Applications, which is a complete suite. In 1999 IFS was represented on all 

continents and in 2005 IFS reached 500 000 users of IFS Applications worldwide. The growth 

continues and as of 2015 IFS applications reached 1 000 000 users. (IFS, 2017) 

 

Today IFS has 3 200 employees all over world, with most research and development taking place at 

the headquarters in Linköping and Sri Lanka. Consulting operate in six areas around the world: 

Europe North; Europe West; Europe Central; Europe East; Americas & Africa and Asia & Pacific. 

(IFS, 2017) 

 

2.2 IFS SUPPLY CHAIN – IPR – INVENTORY PLANNING AND REPLENISHMENT 

The IPR is a solution for how to replenish inventory using reorder point. The IPR is aimed for 

inventory planning based on parts with independent or external demand, these are demands that 

might come from customers that needs sales parts or spare parts which are required due to a machine 

breakdown which was impossible to foresee. Dependent demand is depending on parent part or 

similar. The supply should be decoupled because the system plans each part separate from other 

parts. What this means is that when a part is supplied from, say, a manufacturer or distributor, no 

immediate signal will trigger supply for the lower lever parts in that specific bill of material. This also 

means that the IPR is to be used in distribution settings or spare parts management. Given what 

stated above the IPR comes into its own when handling parts used in a large number of different 

structures as it then may be seen as decoupled from the demand of the different structures. 

 

2.2.1 THE WORK FLOW 

The IPR requires accurate and complete data in order to function properly. It depends on basic 

parameters such as lead times, ordering cost and inventory interest rate. Starting with splitting the 

parts into three classes, A, B and C. By default, parts that belong to class A corresponds to a total of 

80% of the volume value within an asset or site, B parts 15% and C parts 5%. The percentages may 

be adjusted if necessary. This is then used to differentiate between the inventory planning models. 

Parts belonging to class A usually stands for 80% of the inventory turnover but are generally not 

more than 15-20% of the total number of parts. This means that they require extra attention when 

planning and monitoring in order to keep these parts successful. On the contrary, C class parts may 

only stand for 5% of the total inventory turnover but the class contain a larger number of parts.  
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Frequency limits 

In order to further differentiate the parts, they are split up in Fast Mover, Medium Mover or Slow 

Mover within its site, lifecycle stage and asset class. Frequency limits are defined by class primarily or 

if possible asset class. Fast Movers are often more predictable in their demand with less variation to 

its average demand than the other two classes with Slow Movers having the largest variation around 

the average demand. 

 

Lifecycle stage 

In order to keep the replenishment planning relevant throughout a parts lifecycle, four lifecycle stages 

are pre-defined. The stages are Introduction, Mature, Decline and Expired and parts move between 

them over time. As time passes and eventually becomes obsolete, parts will automatically move 

between the stages and as they move, inventory planning policies change. With the classification 

done, it is possible to allow the system itself assign planning method for the different groups, reorder 

point for Fast movers or MRP for Slow movers. Parts in the Mature lifecycle stage are obviously 

easier to plan due to more accurate forecasts, which further allows for more automated reorder point 

planning. 

 

Planning parameters 

The IPR needs a number of parameters in order to calculate lot size, safety stock and reorder point. 

This can be done using a hierarchy where a level lower then inherits the parameters from the level 

above. The hierarchy is as follows, top levels first: 

 

1. Company 

2. Site 

3. ABC – Frequency – Lifecycle  

4. Asset class 

5. Commodity group 

6. Supplier 

 

If a value is defined in the lower levels it always overrules the inherited value. A number of parameters 

are assigned for each level; inventory interest rate, ordering cost and service rate (%). These 

parameters together with available quantities, expected demand under lead time and expected demand 

variation is all the information the IPR need in order to calculate lot size, safety stock, reorder point 

and next order date. The following section covers the other parameters that are necessary. 

 

Demand model 

Demand Model Forecast uses the IFS Demand Planning to create estimates for future demand. 

Fetching the forecast from Demand Planning, changes in the future are taken into account. This 

means that as the forecast increases or decreases over time, the inventory planning parameters will 

adjust accordingly. 

 

Demand Model Yearly Prediction is another way to predict future demand. It is used when there 

might not be historical data to base forecasts on. Instead a yearly prediction of demand is entered 

manually into the system. 
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Demand Model History makes use of the calculated average historical consumption and uses that as 

an estimate for future demand. Using the historical transactions often provides a good enough result 

taking into consideration parts with lumpy demand compared to other forecasting systems. 

 

Safety stock model 

The IPR can handle several different methods when it comes to dimensioning the safety stock. It is 

possible to enter a value manually for the safety stock. 

 

The Time Coverage model essentially means that the quantity held in safety stock is determined using 

the current demand forecast and then have the quantity correspond to the value for Safety Stock 

Cover Time. Fast Movers might require lower time coverage due to its more predictable demand 

than say Slow Movers which might need a higher safety stock compared to its average demand. 

 

The Safety Stock Model Historical Uncertainty determines the safety stock using service rate. Also 

known as Fill Rate, it means that a service rate of 97% will be able to serve 97 out of 100 customer 

orders of quantity one and the remaining three customer orders will have to be backordered. The 

calculation uses historical standard deviation, lead time, lot size and estimated demand. The standard 

deviation is determined from the historical inventory transactions during a specified timeframe. For 

the Historical Uncertainty Model to perform at its very best, the demand under lead time should be 

normally distributed. This is usually the case for Fast Movers. It might also suffer from oversensitivity 

if faced with abnormalities in the demand.  

 

The Mean Absolute Error (MAE) model uses the same calculations as the Historical Uncertainty, 

except for the estimate for future demand variation is based upon the predicted forecast error from 

IFS Demand Planning. The difference is that the historical uncertainty is a result of the variation in 

historical demand while MAE is based on the historical forecast error from the actual demand. The 

MAE model handles parts with seasonal demand better than the Historical Uncertainty model. 

 

Lot size model 

Using the IPR, a number of lot size models are available. This includes entering a value manually. 

Time Coverage is another method for determining lot size. The lot size is determined as the total 

demand for a number of days corresponding to the value of the parameter Lot Size Cover Time. This 

model is beneficial in such a way that it is easy to understand with the apparent drawback of not 

taking the value of parts in consideration and might result in expensive inventory holding costs. 

 

Economic Order Quantity (EOQ), or Wilson formula, balances order costs and holding costs in 

order to find the most cost-efficient quantity. The EOQ model depends on a number of parameters 

that must be available; the demand forecast, inventory value for a part, inventory interest rate and 

order cost. It is possible to limit the Max Order Cover Time which prevents the lot size from getting 

too big, low value parts might have this problem and therefore risking obsolescence, it basically works 

as a constraint when optimizing lot size. It is also possible to enter a durability parameter which too 

works as a constraint. Then of course Min, Max and Multiple Lot Size are possible to control, further 

controlling the calculations.  
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Reorder point model 

Different method for determining the reorder point are available. It is possible to enter a value 

manually. Another method is Lead Time Driven reorder point. Using this method, the reorder point 

is calculated as the estimated demand during lead time plus the quantity held as safety stock. Here, 

the demand is calculated according to the selected demand model. 

 

Next order date 

From all parameters mentioned above the IPR will produce an estimate for when the next order date 

will occur. It also provides a counter that says how many days are left, given the estimate, until the 

inventory level will trigger the reorder point. 

 

Calculation of planning parameters 

Since the calculations of the planning parameters and classification of a part is highly dependent on 

both the historical consumption and the inventory value of the part. In order for that to happen a 

series of jobs runs in a specific order. The job may be executed at any time manually but is usually 

scheduled to run on a periodical basis.  

 

In order to analyze the demand variation, the IPR calculates values for the following variables: 

 

• Standard Deviation Issues in Lead Time 

• Number of Issues in Lead Time 

• Average Quantity per Issue 

• Estimated Yearly Demand 

 

Next up is classification and that is done based on historical issue transactions. The main purpose is 

to determine inventory planning policies for the different classes. It also shows which parts that are 

the most important that might require extra attention. The classification job is either launched 

manually or scheduled to run automatically.  

 

The calculation of the planning parameters is not done by the IPR; it is done by IFS Demand 

Planning. When the calculations are done, it is possible to verify the results. It is also possible to 

simulate the impact of changing for example Service Rate or Inventory Interest Rate.  
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3 THEORETICAL FRAMEWORK 
In this chapter findings in literature, such as definitions and theories, are presented. It starts out with 

a definition of service level, as service level is a central part in this study. The next section defines a 

supply chain, with the definition of an internal supply chain, as this study is focused on an inventory 

structure owned by one company. Thereafter, inventory control parameters are described, to 

introduce what is necessary for inventory control. This is followed by identified replenishment 

policies, where the current reorder point policy is described with other policies identified for multi-

echelon inventory structures.  

 

The next part of the theoretical framework focuses more on distribution in a supply chain. With 

distribution in a supply chain follows the logistics effects described through demand variation, delay 

and distortion of demand, tied-up capital and the bullwhip effect. With this follows information 

sharing and synchronizing and coordination of the supply chain.  

 

3.1 SERVICE LEVEL 

Customer service is a company’s ability to satisfy customer demand and consists of activities 

performed together with the customer before, during and after delivery. Delivery service is the part 

of customer service that concerns the delivery (Oskarsson, et al., 2013; Mattsson, 2012). Lumsden 

(2006) define delivery service as the part of logistics that generates income and is the part of customer 

service that concerns the physical flow. Oskarsson, et al. (2013), Mattsson (2012) and Lumsden (2006) 

break down the delivery service into delivery service elements and argue that the number of elements 

can vary. See Table 1 below for the collected delivery service elements as defined by Oskarsson, et 

al. (2013), Mattsson (2012) and Lumsden (2006). 

 
Table 1. Three definitions of delivery service 

Oskarsson, et al. (2013) Mattsson (2012) Lumsden (2006) 

Lead time Delivery time Lead time 

Delivery reliability Delivery reliability Delivery reliability 

Order completeness Order completeness Order completeness 

Stock availability Stock availability Service level 

Information  Service level Information 

Flexibility/Customization Flexibility Flexibility 

 

Lead time is the time passing from the order placement till the order is received (Oskarsson, et al., 

2013; Mattsson, 2012; Lumsden, 2006).  

 

Delivery reliability is according to Oskarsson, et al. (2013) the reliability in lead time. Mattsson 

(2012) and Lumsden (2006) define delivery reliability as customer receiving a delivery on time.  

 

Order completeness is defined as the ability to deliver an order with the correct product in the 

ordered quantity and quality (Oskarsson, et al., 2013; Mattsson, 2012; Lumsden, 2006).  

 

Stock availability/Service level is defined by Oskarsson, et al. (2013) and Lumsden (2006) as the 

ability to deliver when a customer places an order. Lumsden (2006) refers to stock availability as 

service level and further define it as the probability of delivering directly from stock. Mattsson (2012) 

on the other hand split stock availability and service level to two separade elements, where stock 
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availability is the probability of which a part is in stock and service level is to what extent parts in stock 

could be delivered when required by customer. Another reserarcher, Axsäter (2006), defines the servie 

level stock availability as fill rate, which is the part of demand that can be delivered immediately from 

stock on hand.  

 

According to Oskarsson, et al. (2013), stock availability can be defined on an order or order line level 

and can only be measured for parts in stock, which corresponds to the definition of service level by 

Mattsson (2012). Service level can be defined as order line service or order service. Order line service for 

a part is the relation between the number of order lines delivered directly from stock divided by the 

total number of delivered order line during a period. Order service refers to the number of complete 

orders delivered from stock compared to the total number of orders delivered during a period. With 

an increasing number of order lines on each order the harder it will be to measure order service 

(Lumsden, 2006).  

 

Information refers to the information shared between supplier and customer and that information 

is shared both ways (Oskarsson, et al., 2013; Lumsden, 2006). Information sharing is often about 

what the supplier can offer its customers, what the customer wants and what the customer will get. 

The demand on integration of information systems has grown more important as cooperation 

between companies are deepened. (Lumsden, 2006)  

 

Flexibility concerns the ability to customize the own logistics in order to satisfy customer 

requirements (Mattsson, 2012; Lumsden, 2006). Oskarsson, et al. (2013) refer to this element as 

flexibility/customization and argue that with the ability to make customization it is often necessary to 

have some flexibility in the own logistics. The customer might make requirements that differ from 

how a company works with deliveries (Oskarsson, et al., 2013).  

 

Axsäter (2006) discuss service levels from a different point of view than Oskarsson, et al. (2013), 

Mattsson (2012) and Lumsden (2006), and defines the three service levels. The first service level 

regards the probability of being out of stock in an order cycle, thus not regarding the size of the 

shortages. The second service level is described above as fill rate, and regards the part of customer 

demand that can be delivered from stock. The third one is called “ready rate”, and regards the periods 

with positive stock on hand. The ready rate does not consider how much demand is covered, as long 

as some part of the demand was satisfied. (Axsäter, 2006) 

 

3.2 WHAT IS A SUPPLY CHAIN? 

In general, a supply chain can be described as several entities dependent of each other, through which 

materials, payments and information flows. With such a general definition, a supply chain can either 

exist within a company or corporate group or consist of stand-alone companies. What separates the 

mentioned supply chain types from each other is at what level the supply chain is observed, in other 

words if the entities studied in the supply chain are departments or functions in a company or whether 

they are companies. (Mattsson, 2012) 

 

3.2.1 A SUPPLY CHAIN WITH INTERNAL ENTITIES 

In a company, the entities in a supply chain are departments or functions that are included in the 

value adding or transportation of materials in a material flow. The entities can be seen as having a 

supplier-customer relationship and with their collaborative effort they are able to serve external 
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customers with a final product. From a logistics point of view, three different functions are 

traditionally identified in an industrial company: a material supply function, a value adding function 

and a distributional function. Each of these three functions is seen as an entity in the company’s 

internal supply chain. (Mattsson, 2012) 

 

The external entities in a company’s internal supply chain are observed solemnly from the company’s 

own objectives, interests and prerequisites. Activities used to control the material, payment and 

information flow are performed by the company’s own resources. The system boundaries for an 

internal supply chain are thus identical with the company boundaries. Customers and suppliers are 

included in the system surroundings but outside the system boundaries as they affect the system but 

cannot control it. (Mattsson, 2012) 

 

3.3 INVENTORY CONTROL PARAMETERS 

According to Oskarsson, et al. (2013) there are three questions that should be answered regarding 

inventory control. The questions regard when orders should be placed, what quantity should be 

ordered and how uncertainties can be managed. (Oskarsson, et al., 2013) In this section, the inventory 

control parameters found in literature are presented.  

 

3.3.1 LOT SIZING METHODS 

An inventory control system is supposed to give information on what the size should be when 

demand occurs. The purpose of determining lot size is to find a balance between ordering costs and 

inventory holding costs. (Olhager, 2008) 

 

EOQ 

The economic order quantity formula (EOQ), also known as the Wilson formula, might be the most 

well-known result in inventory control. (Axsäter, 2006) Using this formula a few assumptions are 

made. Different authors specify these assumptions a little bit different but overall, they are the same. 

The requirements below are presented by Skjott-Larsen et al. (2007): 

 

• Demand has to be constant and uniform 

• Lead time is constant (ordering – receipt) 

• Price is constant 

• Inventory holding cost is based on average inventory 

• Ordering setup costs are constant 

• All demand will be satisfied 

• Back orders are not allowed 

 

For example, the requirement that considers the nature of the demand, Skjott-Larsen et al. (2007) 

allows for the demand to be uniform while Axsäter (2006) goes all the way and says that it should be 

constant. One requirement that is mentioned by only one author is the lead time. Skjott-Larsen et al. 

(2007) maintain that the lead time is constant and this is not mentioned by Axsäter (2006). He does 

say that the whole batch will be delivered at the same time though, which is something Skjott-Larsen 

et al. (2007) does not mention. Both authors agree that all the demand must be satisfied, not allowing 

neither shortages nor back orders. The economic order quantity is calculated with the following 

formula (Axsäter, 2006): 
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𝑄∗ =  √
2∗𝐴∗𝑑

ℎ
    (1) 

 

where, 

• A = the fixed order cost 

• d = demand per time unit 

• Q = batch quantity, where Q* is the optimal batch quantity, EOQ 

• h = holding cost per unit and time unit 

• C = costs per time unit 

 

The EOQ formula is used to determine the lowest total cost, where the trade-off between the fixed 

order cost and the holding cost that depends on the quantity ordered is considered. The larger the 

ordered quantity, the lower the fixed ordering cost per unit and the opposite goes as for the larger 

the ordered quantity, the holding cost increases. Therefore it is called EOQ, because it finds the 

quantity that gives lowest possible the total cost, given the fixed order cost and the holding cost per 

unit. (Oskarsson, et al., 2013). 

 

Time Coverage 

Time coverage is a lot sizing method that is suitable when information on ordering costs and 

inventory holding costs are unavailable. The lot size is calculated as the time coverage period in days 

multiplied with the daily demand for this period. This method is compatible with most material 

planning systems. (Mattsson, 2011) 

 

𝑄 = 𝐷×𝑇𝐶  (2) 

 

Where D is the daily demand and TC is the time coverage period.  

 

3.3.2 FORECASTING 

Olhager (2008) claims forecasting is essential to many companies as a forecast gives an estimate for 

what the future might hold. This can be used to plan what to produce, especially when a company 

produces to meet customer order, so that sufficient material can be purchased in advance. There are 

however some things that are important to remember when forecasting or planning based on 

forecasts. The forecast is in most cases wrong and should not be considered real demand and the 

forecast error should be continuously monitored. Aggregated forecasts are usually more accurate. 

Since the sum of several stochastic variables show a more stable pattern than any of the variables 

alone. This applies for forecasts too. The larger the time span being forecasted, the lower the accuracy 

of the forecast itself, it is easier to forecast events that are going to take place closer in time than 

further away. The forecast should never replace what is already known. (Olhager, 2008) 

 

Demand models 

To analyze and break down demand data, Olhager (2008) argue that there are five components that 

can be identified when analyzing demand variation. Trend is the first, indicates whether there is an 

observable gradual increase or decrease in demand. Season is the next, i.e. if demand varies during 

the year and is significantly higher during any time of year. Season might also be observed on shorter 

time span like months or weeks. A recurring pattern like cyclical variations in the economy which 

might be observed as more long-term cycles. The steady state revealed after season, trend and cycle 
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have been accounted and corrected for. The final component is chance which cannot be explained 

for and does not seem to follow any pattern. (Olhager, 2008) 

 

The Constant Model is a simple demand model that is applicable when no seasonal pattern or trend is 

expected. (Axsäter, 2006) According to Axsäter (2006) and Olhager (2008) demand is presented as 

follows with the constant model: 

 

𝐷𝑡 = 𝑎 + 𝜀𝑡  (3) 

 

where the parameters are defined as: 

• 𝐷𝑡 = Demand during a period t  

• a = a period’s average demand 

• 𝜀𝑡 = independent random deviation in period t 

 

Moving average 

Moving average is a forecast method suitable when demand is expected to be even over time. 

(Olhager, 2008) As a forecast method moving average is based on a constant demand model and 

wants to estimate the constant parameter 𝑎, i.e. the average demand per period. The estimation is 

based on the calculation of average demand for N periods.  

 

𝐹𝑡+1 = �̂�𝑡 =
1

𝑁
∑ 𝐷𝑡

𝑡
𝑖=𝑡−𝑁+1    (4) 

 

• where 𝐹𝑡+1 = the forecast in period t+1  

• �̂�𝑡 = the estimate of 𝑎 and moving average in period t  

 

The number of periods, N, is dependent on the stability of the constant term in the demand model. 

A smaller number of periods is preferred when the constant term is varying fast (Axsäter, 2006; 

Olhager, 2008). When demand is exposed to seasonal variation it is beneficial to use a moving average 

over the past year, to mitigate the effect the seasonal variation has on the forecast. (Axsäter, 2006)  

 

3.3.3 TURNOVER STOCK 

Holding inventory can be described from a cost-related point of view and a service point of view. 

Even though holding inventory is costly it might be more cost-efficient to hold inventory when other 

costs can be cut. For example, scales of economy are often achieved by ordering larger batches rather 

than ordering parts one-by-one. One of the cost related forms of inventory is turnover stock. By 

ordering in batches, the inventory levels will rise at delivery and gradually decrease, as parts are picked 

from inventory during a longer period. This is the inventory referred to as turnover stock. (Oskarsson, 

et al., 2013) 

 

3.3.4 SAFETY STOCK 

Safety stock is the part of inventory held to cover for the event of actual demand exceeding forecasted 

demand in a period and can be explained as a way to manage uncertainties in demand forecasts 

(Chopra & Meindl, 2004). Oskarsson, et al. (2013) also define demand exceeding expected demand 

as a reason to keep safety stock. They describe safety stock as a way to maintain the service 

corresponding to what’s expected by customers. (Oskarsson, et al., 2013) When determining safety 

stock level, Vollmann, et al. (2005) mention that one of the following two criterions should be 
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determined; probability of being out of stock in a period or the desired level at which customer 

demand can be met directly from stock. Chopra & Meindl (2004) also mention product availability 

as a criterion to be determined when deciding on an appropriate safety stock level. Both Vollmann, 

et al. (2005) and Chopra & Meindl (2004) refer to product availability as product fill rate. Mattsson 

(2011) define fill rate as statistical method characterized by calculations and that appropriate stock 

levels are set in proportion to demand.  

 

Fill rate  

In 3.1, fill rate is also described as a definition of service level by Axsäter (2006). Mattsson (2011) 

describe fill rate is a method to determine safety stock, and can be described as part of demand 

delivered directly from stock compared to total demand. Chopra & Meindl (2004) define fill rate as 

product fill rate and order fill rate, where product fill rate is a measurement of how much of a product 

that was satisfied directly from stock out of total product demand. Mattsson (2011) argue that fill rate 

is the service level closest related to order line service. Using fill rate, parts with high value will get a 

higher safety stock level due to the fill rate method taking replenishment quantities into account, i.e. 

the number of times a part is out of stock. An advantage of using the fill rate method is that it is more 

precise when dimensioning safety stock and less dispersed service levels. (Mattsson, 2011) When 

safety stock is dimensioned through fill rate the following formulas are used, according to Mattsson 

(2011): 

 

𝑆𝑆 = 𝑘×𝜎𝐷×√𝐿𝑇   (5) 

 

Where 

 

k = safety factor 

LT = Lead time (days) 

𝜎𝐷 = standard deviation per day 

  

And the safety factor k is determined through the safety function, SF(k):  

 

𝑆𝐹(𝑘) =  
(1−𝐹𝑅)×𝑄

𝜎𝐿𝑇
  (6) 

 

Where:  

 

FR = Fill rate 

Q = Order quantity 

𝜎𝐿𝑇 = standard deviation during lead time 

 

According to Oskarsson, et al. (2013), standard deviation during lead time is calculated as follows: 

 

𝜎𝐿𝑇 = 𝜎𝐷×√𝐿𝑇    (7) 

Cycle service 

Another method of determining safety stock is referred to as cycle service by Axsäter (2006), who 

describe cycle service as the probability of not being out of stock during an order cycle. Safety stock 

is calculated with the following formula: 
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𝑆𝑆 = 𝑘×𝜎𝐷×√𝐿𝑇   (8) 

 

Where the safety factor k is determined by the required service level and collected from the table of 

normal distribution. (Oskarsson, et al., 2013) There are some drawbacks in using cycle service as a 

method to determine safety stock. For example, the cycle service method does not consider the lot 

size. With a large lot size the inventory covers demand for a longer period and could manage with a 

lower safety stock but is not considered by the cycle service. Axsäter (2006) The cycle service does 

not give any information of the size of the shortage, which is often important as the size of shortage 

is an expression of the stock availability. (Oskarsson, et al., 2013) 

 

3.3.5 AVERAGE INVENTORY LEVEL 

When the demand pattern is even an average inventory level can be calculated with the following 

formula:  

 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑖𝑛𝑣𝑒𝑛𝑡𝑜𝑟𝑦 𝑙𝑒𝑣𝑒𝑙 = 𝑆𝑆 +  
𝑄

2
   (9) 

 

Where SS stands for safety stock and Q stands for ordering quantity. Depending on the demand 

pattern the inventory level might vary over time. The formula for the average inventory level above 

is a simplified method of calculating average inventory level and is less accurate the more the 

inventory level varies. To calculate the average inventory level when the inventory level varies too 

much average inventory can be calculated by summarizing the inventory level over a selected number 

of periods and dividing the sum with the number of periods. (Oskarsson, et al., 2013) 

 

3.4 REPLENISHMENT POLICIES 

The information on customers’ inventories used in multi-echelon inventory system, as previously 

defined by Mattsson (2012), can be used in variants of reorder point systems and material 

requirements planning such as double reorder point system and distribution requirements planning 

which are covered below.    

 

3.4.1 REORDER POINT 

The reorder point system is the most frequently used method for material planning for a part with 

independent demand and is a control system for decentralized distribution planning (Olhager, 2008). 

Mattsson (2012) means that a reorder point system is a collection name for closely related methods 

for material planning and that they all compare stock-on-hand to a reference quantity referred to as 

reorder point. A new order is initiated when stock-on-hand is equal to or passes the reorder point. 

The reorder point is calculated as the demand during lead time and safety stock (Mattsson, 2012; 

Olhager, 2008). The safety stock is used as a precaution against uncertainties in demand (Mattsson, 

2012). The lead time can be described as the time between the reorder point is reached till the ordered 

material arrives. Orders are usually placed with a fixed order quantity, such as the economic order 

quantity, EOQ (Olhager, 2008). Even though the order quantity is usually fixed in a reorder point 

system, it is also possible to use dynamic order quantity expressed in time. The dynamic order quantity 

can be expressed as a number of days and is calculated from predicted demand and the set number 

of days. (Mattsson, 2012)      

 

The comparison between stock-on-hand and the reorder point can either be made continuously or 

periodically. Olhager (2008) means that in a reorder point system, the inspection is assumed to be 
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made continuously, but usually the inspection is made periodically, for example once a week. 

Mattsson (2012) on the other hand means that most of the time inspection is made with a set interval, 

which he identifies as a type of reorder point system called periodic inspection system.    

 

The reorder point is normally expressed as a quantity but it is also possible to express the reorder 

point in time. Rather than showing stock-on-hand time coverage is shown. Time coverage refers to 

how long current stock-on-hand will last, in other words stock-on-hand divided with extpected 

demand per period. This time coverage is then compared with lead time and requirements on safety 

stock. The reorder point expressed in time is then the lead time plus the safety time. (Olhager, 2008) 

Mattsson (2012) defines the same principle as time coverage planning, a material planning method 

closely related to the reorder point methodology.  

 

The reorder point is calculated with as follows, according to Olhager (2008) and Mattsson (2012): 

 

𝑅𝑂𝑃 = 𝐷×𝐿𝑇 +  𝑆𝑆  (10) 

 

Where: 

• 𝐷 = Demand per time unit, 

• 𝐿𝑇 = Lead time for delivery and, 

• 𝑆𝑆 = Safety stock 

 

3.4.2 BASE STOCK POLICY 

The base stock policy is based on periodical inspection intervals, also called periodic review. At the 

moment of the inspection an order is placed. From a planning point of view, it is a great advantage 

for the supplier to know beforehand when an order will arrive. (Lumsden, 2006)  

 

There are many supplying companies that is interested in knowing when an order will be placed. The 

reason might be that the company in advance can reserve capacity in order to meet the demand. 

Periodical review means that inspection takes place at given intervals, e.g. every Monday or a specific 

date every month, and the stock level is then controlled. Inspection and order placing are taken care 

of almost simultaneously. The order placed is the quantity between the stock on hand and up to the 

predetermind base stock level. The ordered quantity is defined by the difference between the base 

stock level and the stock on hand. (Lumsden, 2006) 

 

By placing the base stock level at an appropriate level almost any batch size be chosen even to the 

system orders the exact amount Q that is necessary to reach the base stock level. As for the reorder 

point system, the goal should be to come as close to ordering the EOQ or maybe a predefined amount 

equal to a filled package. (Lumsden, 2006) 

 

The base stock policy suffers from obvious drawbacks. The lot size may vary and it may even vary a 

lot depending on the demand during the period. This might force the supplier to ship amounts far 

from what is economically sustainable. The safety stock level is higher, this because of the longer 

time of uncertainty which includes not only the lead time but also the time between two succesive 

inspections. This too has to be taken into consideration which further increases the safety stock. 

(Lumsden, 2006) 
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3.4.3 DOP 

To give a supplying unit heads up on upcoming orders is an easy way to give the supplying unit more 

precise information in advance than a forecast (Mattsson, 2012). The double order point method, 

hereafter DOP, is a type of reorder point system where a second reorder point is used to give the 

central warehouse or production unit heads up on the upcoming orders. The DOP is based on the 

traditional reorder point with a second reorder point giving the supplying unit the heads up (Mattsson, 

2012; Olhager, 2008). Olhager (2008) describes the DOP system as especially adapted for use in a 

sequential inventory system. According to Mattson (2012), the second reorder point is determined as 

the normal reorder point plus an additional quantity. The additional quantity is equal to the forecast 

sales quantity during the period of having received information in advance (Mattsson, 2012). Olhager 

(2008) defines the second reorder point as the reorder point plus the demand quantity for the 

production lead time.  

 

A downside with using a second reorder point is that there is no guarantee that the supplying unit 

will receive the information within its own replenishment lead time. Hence, the DOP system can 

only be used as general information on upcoming orders and cannot fully be integrated in the 

supplying unit’s material planning system. (Mattsson, 2012) 

 

According to Mattsson (2012) and Olhager (2008) the second reorder point is calculated as follows: 

 

𝑅𝑂𝑃2 = 𝐷×𝐿𝑇2 +  𝑂𝑃  (11) 

Where:  

• 𝐷 = Demand per time unit 

• 𝐿𝑇2= The period (in selected time units) from giving information in advance till order is 

received  

• 𝑅𝑂𝑃 = The traditional reorder point 

 

3.4.4 DRP – DISTRIBUTION REQUIREMENTS PLANNING 

The Distribution Requirements Planning (DRP) has its origin to when computers became available 

for commercial use, when business naturally sought for ways of making use of this increased data 

processing speed and accuracy. This was needed because of the problems inherent with the use of 

statistical techniques which would now be possible to solve using computer power. Speeding up the 

calculations in the mathematical formulas used only made the problem evident, the lack of planning, 

supply channel integration and performance measurement inadequacy of the statistical methods. 

Using the statistical replenishment methods provided tools for tactically controlling the inventories. 

This combined with the increasing computer power, planners realized that what they needed was 

tools for handling information that provided strategic control over inventory planning. A 

breakthrough was reached when the time-phased reorder point was found in the MRP logic, focusing 

on when delivery should happen rather than when to order, and how it was used to manage inventory. 

(Ross, 2004) 

 

This ability, the ability to time-phase, is the foundation upon which DRP rests (Ross, 2004). 

Vollmann, et al. (2005) claim that as soon as forecast is used as the requirements and the time-phased 

MRP approach is used to determine future need of shipments, it goes under the name of time-phased 

order point. The time-phased order point works not only in constant usage situations but also when 
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the forecast varies. This mean that instead of focusing on when to place an order like a reorder point, 

the time-phased order point focus on when a shipment must be sent to avoid falling below the safety 

stock level. The difference between the two is small or none in the case of constant requirements, 

but if the forecast varies, the results can be larger. On top of this, the time-phased order point shows 

planned order data which allows supplying warehouses to act on that information instead of being 

blind to future events. 

 

When the element of time is added to the basic inventory equations puts extra demand on the 

inventory planning system. It must be able to store and keep track of forecast quantities and when 

they are due as well as customer and supply orders. On top of that the system should be able to time-

phase demand requirements and resupply to maintain the necessary stock level. This means that every 

time something happens, the following things must be taken in to account. It must be able to subtract 

the supply from the demand or add placed and incoming orders to the on-hand stock. This because 

the due date of each quantity is referenced through time. If the inventory level after each calculation 

is sufficient, there will be no resupply order placed. On the other hand, if the result is negative, or 

below the safety stock level if that is used, the system alerts the planner that a stock out might happen 

at a given point in time and suggest that the planner places and order to bring back balance to the 

inventory level so that no shortages occur. (Ross, 2004) 

 
Table 2. DRP calculation sheet. 

Period 1 2 3 4 5 6 7 8 

Gross 

Requirements 

        

Scheduled 

receipts 

        

Planned on-

hand 

        

Net 

requirements 

        

Planned 

order receipts 

        

Planned 

order release 

        

 
The segments in Table 2 are what the DRP is made up of and are explained below. 

 

Time periods 

Time-phased inventory is associated with given time periods, also known as buckets, whose length is 

determined by the user. These time buckets vary in length, it can be just a minute long, a day, a week 

or even a month. The length of the bucket is supposed to be chosen in such a fashion that it is useful 

for the user. The next step is to determine when the order requirement takes place within the given 

time bucket. For shorter time buckets like an hour, or even up to a day this will not become a problem 

but when dealing with a time bucket that is a week, then it is important to determine when both 

customer and supply orders are due in this period. It might be the first day of the period, the last day 

or somewhere in between. The convention is to choose the beginning of the time bucket for when 

events take place. The challenge now is for the system to place planned orders in the correct time 
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bucket. The planned order must be placed in such a way that it arrives so that it counteracts the 

impending shortage. For this to work, the release date of the order must be placed in the time bucket 

earlier in time which corresponds with the lead time. The difference in time, or offset, between the 

due date and release date is set so it matches the known lead time. This way it is possible for the 

supplier to see when in time the shipment must be sent to avoid a stock out situation at the 

downstream neighbor. (Ross, 2004) 

 

Gross requirements 

This is the quantity required from the inventory to satisfy the demand. Using DRP, demand comes 

from three sources: open customer orders in the backlog, forecasting and resupply orders from other 

parties in the supply chain. All these require the following data elements for the DRP to function 

smoothly. A discrete part number, the needed quantity and the due date for each demand. Using 

these three, time-phasing sums up the demand by due date and sorts it in a suitable time bucket. What 

the gross requirement is depends on the properties of the distribution activity taking place. Take the 

retailer as an example, the gross requirement is made up of forecasts. One step up in the supply chain 

we might find the regional distribution center whose gross requirement might constitute entirely of 

demand from smaller local warehouses it might be supplying. If the regional warehouse serves 

customers directly as well, its gross requirement contains all three types. (Ross, 2004) 

 

Scheduled Receipts 

Scheduled Receipts define the total quantity of placed replenishment orders that have yet to arrive. 

There are three types of forms which the replenishment orders in the distribution environment can 

take. Purchase orders specify which products or inventory quantities that should be purchased from 

the firm’s suppliers. The second considers whether a company adds value through its processes, for 

example sorting, kitting or doing simple assembly jobs then inventory should be restocked. The third 

form comes from warehouses sit in a supply chain, then warehouses downstream draw their needed 

inventory from the parent warehouse through placing resupply orders. Also, inventory in-transit 

between two warehouses are too considered a kind of resupply order. As orders are released, the 

DRP system considers them as inventory available when calculating the projected on-hand inventory 

level. (Ross, 2004) 

 

On-hand Balance 

Statistical methods use a strict arithmetical calculation and DRP differs in such a way that it provides 

the planner using the system a visualized overview of the projected on-hand inventory levels for each 

time bucket with the supply has been removed from the demand. DRP works under the assumption 

that forecasts, future open customer orders and supply orders are firm, meaning that they will not 

change and will occur on their due dates are reached. It is possible to express the logic as the balance 

on hand in the current ending time bucket plus the scheduled incoming quantity in the succeeding 

time bucket minus the gross requirements for the succeeding period. This then results in the projected 

on-hand balance at the end of the succeeding time bucket. If there during one time bucket no events 

regarding inventory takes place, the balance is just transferred to the succeeding time bucket. (Ross, 

2004) 

 

Planned Order Receipt 

In the case of demand exceeding the supply, i.e. the on-hand quantity in a time bucket turn negative, 

the system shows the missing amount as a net requirement. A net requirement is covered by the DRP 
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system as the system generates planned orders and they are unreleased supply orders. The way a 

planned order is generated is governed by the following matters. First, the date for when the net 

requirement arise is registered. Then the chosen order policy generates the quantity of the lot size 

needed in order to satisfy the net requirement. This quantity has to be equal or greater to the net 

requirement in the period in which the negative on-hand inventory level is projected to happen. The 

planned order should provide a quantity large enough to have sufficient inventory level to cover not 

only the customer orders but also the unconsumed forecast. The lot size may even be large enough 

to cover the net requirements of several subsequent time buckets and not just one. (Ross, 2004) 

 

Planned Order Release 

When a planned order is generated, the DRP system determines the release date by subtracting the 

lead time from the planned receipt date which then gives the date when the order must be released. 

For example, if the planned order receipt date is week 10 and the lead time is 3 weeks, the date for 

planned order release is week 7. (Ross, 2004) 

 

Since the DRP can plan when orders should be placed, it is possible to choose order policy for the 

system to generate lot sizes that the quantity stays within reasonable sizes. Ross (2004) lists several 

lot size models for which the DRP can handle replenishment, i.e. EOQ which has been covered in 

section 0. 

 

Forecast Demand Type 

Ross (2004) discuss different ways the DRP can handle the relation between forecast and customer 

orders. The most common practice is that customer orders consume the forecast, meaning that as 

customer orders arrive during a period, the forecast for said period decreases from the original with 

the amount from the customer order. In the case of customer order exceeding the forecast, the 

customer order alone make up the total requirements. Also, unconsumed forecast has got to be taken 

care of, whether it is written off or should it be added to the current period. 

 

Another option is to only use the forecast as gross requirement. Customer orders are still tracked but 

they do not influence the gross requirement. It is also possible to have customer orders alone make 

up the gross requirement. (Ross, 2004) 

 

DRP and safety stock  

There are a few different opinions concerning the use of safety stock in combination with a DRP 

system. Ross (2004) argues that safety stock can be used in combination with DRP as a buffer against 

uncertainty in customer demand. Since the DRP will then make sure that the safety stock quantity 

always is on hand. The risk Ross (2004) foresees with this is that the DRP considers this stock never 

to be used, therefore the safety stock should be kept as low as possible. 

 

Vollmann, et al. (2005) also maintain that the DRP needs less safety stock, this since errors in the 

forecasts have less impact if replenishments take place often. Vollman, et al. (2005) brings up a 

different method which might be used. They claim that during circumstances where the uncertainty 

is more about timing than quantity, it might be better to use safety lead time as safety mechanism. 

Further, Vollmann, et al. (2005) argue that when acting in a distribution environment, not only the 

variation in uncertainty matters, but also where it is, is important. Researchers have so far not 

established where to put safety stocks. (Vollmann, et al., 2005). 
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One of the principles promotes carrying safety stock at the location where there is uncertainty, i.e. 

where the customers are. This principle admit safety stock might be needed at intermediate locations 

where a degree of independent demand might still exist. This means that no safety stock is needed in 

locations just facing dependent demand. (Vollmann, et al., 2005) 

 

The second principle claims that if safety stock could be held aggregated at a location serving many 

local smaller ones facing independent demand, the aggregated sum of the safety stock should be less 

than keeping safety stock at all local locations. This would provide flexibility in terms of being able 

to send stock to where it is needed. The drawback would be that the safety stock is not where the 

customers are. (Vollmann, et al., 2005) 

 

Whybark & Yang (1996) conducted a study where they investigated how the fill rate was affected by 

where stock was held in an environment where one warehouse served eight retail stores. All inventory 

could be held at the warehouse or at the retailers, or any ratio in between. To study this, they used 

four control systems to see if there would be any difference between them. The first system controlled 

the facilities independent of each other using a reorder point system with an order up-to level. The 

second control system shared the retailer stock levels. The third was the most integrated one and is 

controlled by a DRP logic and the fourth is like the second, only using replenishment cycles of six 

periods instead. They showed that all control systems provided the highest fill rate with inventory 

positioned next to the customers (Whybark & Yang, 1996). Results from their simulation showed 

that no system beat the DRP system when it came to achieving the highest fill rate, despite this not 

being the main objective of the study. 

 

Martel (2003) argue that DRP systems, since they use a rolling horizon echelon-by-echelon and basing 

decisions on time-phased projected future requirements, has several advantages. The DRP can handle 

any number of echelons, can deal with the characteristics of dependent demand, lead times are 

managed effectively, can benefit from economies of scale by choosing appropriate lot-sizing methods 

and has been implemented in several commercial ERP systems. Despite praising the possibilities that 

come with the use of DRP, Martel (2003) admits it is not flawless. His study investigates how to 

address the weaknesses of DRP using planning time fences, allocation algorithms and expediting 

actions. The study showed significant improvements and it is possible to achieve good results despite 

using simple methods like the planning time fences. The best result in the study was achieved using 

allocation algorithms, despite using a simple one. (Martel, 2003) 

 

3.5 DISTRIBUTION IN A SUPPLY CHAIN 

Distribution plays an important part in a supply chain as it is the connection to the market and end 

customer (Skjott-Larsen, et al., 2007). A company’s decisions on distribution strategies affects, for 

example, its competitiveness. Distribution strategies are about making products available in a cost-

efficient way and affect a company’s ability to maintain short lead times and maintaining high delivery 

service. (Mattsson, 2012) 

 

3.5.1 DISTRIBUTION CHANNELS 

Two reasons for using intermediates are requirements on fast deliveries and end customers being 

geographically spread out. A distribution channel’s purpose is to connect information flows and 

material flows. As the distribution channel deals with the material flow there is an association as to 
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whether the intermediates should hold inventory. (Mattsson, 2012) In Figure 4 below, examples on 

distribution channels are illustrated. Mattsson (2012) and Oskarsson, et al. (2013) describe the 

following distribution channels: direct distribution to end customer, distribution through a retailer to 

end customer and distribution through a wholesaler and retailer to end customer. Oskarsson, et al. 

(2013) describe a fourth channel as distribution through a wholesaler to end customer, as it is possible 

for a wholesaler to be in direct contact with the end customer. Though, in most cases wholesalers 

distribute to retailers. (Oskarsson, et al., 2013) 

 

 

 
Figure 4. Distribution channels. Inspired by Mattsson (2012) and Oskarsson, et al. (2013). 

 

3.5.2 INVENTORY STRUCTURES  

When designing a logistics solution, it is important to consider the inventory structure; how many 

levels will be included in the structure and where the inventories will be located (Oskarsson, et al., 

2013). If a dispersion role, is to be used in a distribution system it will not be sufficient to hold 

inventory at only one site between supplier and customer. In many cases a hierarchical inventory 

structure is necessary. An example on a hierarchical structure is when a regional warehouse is supplied 

by a central warehouse center and distributes to a local warehouse. In such a distribution system, the 

degree of centralization is determined by the number of warehouses and levels. A less centralized 

distribution system, with many levels, has the advantage of being close to the customer and being 

able to offer customers short lead times. (Mattsson, 2012) 

 

The earliest effort to deal with multi-level inventory systems can be found in Clark & Scarf (1960) 

where they discuss solutions for two types of inventory structures; serial inventories and multiple 

inventories with the same supplier. Dominguez, et al. (2014) analyze information sharing, among 

other factors, in two supply chain network structures with four levels; a serial supply network and a 

divergent network. A divergent network can be compared to an arborescent structure. In the 

divergent network, each level, except for the starting point, is supplied by one predecessor but can 

supply multiple stock points in a lower level (Dominguez, et al., 2014). See Figure 5 for an illustration 

of a serial system (to the left) and an arborescent system (to the right).  
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Figure 5. A serial structure (to the left) and arborescent structure (to the right) with central, regional and local warehouses. 

Cattani, et al. (2011) identify the arborescent network, like Clark & Scarf (1960) and Dominguez, et 

al. (2014), but in their two-tier structure they identify a dual-role central warehouse. Dual role means 

that the central warehouse serves the end customers as well as the regional warehouses (Cattani, et 

al., 2011). An illustration of the dual-role structure, as defined by Cattani, et al. (2011), can be studied 

in Figure 6. There have been studies mentioning this, both Grahl, et al., (2016) and Diks & de Kok 

(1998) mention the phenomenon briefly. Both studies use simulation and they simply say that if an 

intermediary faces external demand, this is modelled as a separate dummy node. Diks & de Kok 

(1998) sets lead time equal to zero for the dummy node. 

 

 
Figure 6. A dual-role structure. 

3.5.3 A MULTI-ECHELON INVENTORY SYSTEM 

When considering an inventory system, consisting of more than one installation or one level, with 

several installations connected to each other, it is referred to as a multi-tier or a multi-echelon 



 

 

 

[24] 

 

inventory system (Axsäter, 2006). An echelon inventory means the sum of the supplier’s inventory 

as well as its customers’ inventories.  A multi-echelon inventory system is a system used for 

controlling material flow in a distribution network based on information from the downstream 

neighboring inventory (Mattsson, 2012).   

 

3.6  LOGISTIC EFFECTS IN A SUPPLY CHAIN 

This section covers effects and events that might occur when scaling up the inventory structure from 

a simple structure to a multi-echelon structure whilst ignoring the fact that single echelon 

approximations might not work in the multi-echelon structure. 

 

3.6.1  DEMAND VARIATION 

Removing seasonal demand from the demand pattern leaves the short-term demand variation 

smooth with a basic variation for each product and market. When moving upstream in the supply 

chain the demand variation is amplified, which partly is a result of the relationship between two 

entities and the length of the supply chain. This phenomenon has long been known in hierarchical 

distribution systems and is referred to as the bullwhip effect.  Another reason for amplification of 

demand variation is the applied method for controlling the material flow. Such self-generated 

amplifications in the supply chain are created when a method for economic order quantity is used 

and the order quantity is recalculated when a new order is made. If increased demand is identified, 

the system will try to adapt to the new demand as well as increasing the inventory levels. Furthermore, 

the inventory control system will want to dimension safety stock from the new demand level, which 

can be perceived as amplified demand. (Mattsson, 2012) 

 

3.6.2 DELAY AND DISTORTION OF DEMAND 

Something that also affects the supply chain is the delay that becomes apparent when information on 

demand is to be passed upstream. Creating an efficient material flow through the supply chain 

becomes more challenging with a longer supply chain. This is also connected to how communication 

of the demand information is passed along the entities in the supply chain. Information on demand 

is normally shared through order requisitions which, other than time delays, cause distortion of 

information as the demand information passed upstream corresponds to the intermediate entity’s 

need to stock up rather than the real consumption. (Mattsson, 2012)     

 

3.6.3 TIED-UP CAPITAL 

The total capital a company has tied-up in inventories is dependent on the complexity, design and 

method of controlling material flows of the supply chains, where the company is included. The 

possibility to reduce the tied-up capital is affected by the control and design of the supply chain, 

which also affects the turnover stock and safety stock. The tied-up capital related to the control and 

design of a supply chain is usually caused by shortages in or lack of information sharing between 

entities in the supply chain. In most supply chains there’s an information gap between suppliers and 

customers, where customers have access to information suppliers do not and vice versa. These kind 

of information gaps bring about uncertainties. This might be uncertainties in future demand for 

suppliers and uncertainties in future deliveries for customers. The concerned company will then build 

up a safety stock to manage these uncertainties. (Mattsson, 2012) 

 

The information quality also affects the size of the safety stock. When the demand information is 

shared upstream in the supply chain the quality of the information decreases, creating the necessity 
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to work with higher safety stock. Any material flow not perfectly synchronized holds inventory and, 

thus, ties up capital. The synchronization is dependent on the information sharing between suppliers 

and customers, well working information sharing increases the synchronization prospects. For 

example, demand variation is normally a result of inadequate information sharing causing difficulties 

in the synchronizing of the material flow in the supply chain. In turn, this causes higher inventory 

levels and an increase in tied-up capital. Furthermore, methods used to control material flow and 

cooperation between suppliers and customers affect the order quantities and, thus, the capital tied-

up in the turnover stock. (Mattsson, 2012) 

 

3.6.4 THE BULLWHIP EFFECT 

The phenomenon of distortion of demand information causing variations in orders between entities 

upstream in a supply chain is referred to as The Bullwhip Effect (Chopra & Meindl, 2004; Skjott-Larsen, 

et al., 2007; Lee, et al., 1997). Only the entity closest to the end customer will base orders on actual 

demand while all other entities in the supply chain will replenish their inventories based on orders 

placed by the subsequent entity in the supply chain. Entities upstream in the supply chain will then 

show greater variance of demand than entities close to the end customer. Consequences of this 

distortion are excessive inventories and inventories being out-of-stock. (Skjott-Larsen, et al., 2007) 

The bullwhip effect is described, by McCullen & Towill (2002), as having three dimensions, where 

the first dimension, replenishment, regards orders moving along the supply chain. The second 

dimension, time, is more difficult to understand as the consequences of the bullwhip effect are not 

realized until it is too late. The last dimension, geography, depicts how far from the origin the 

bullwhip effect stretches and can be linked to the globalization of supply chains. (McCullen & Towill, 

2002) 

 

Lee, et al. (1997) define demand signaling as a cause of the bullwhip effect and that the distortion is 

affected by the number of intermediaries in the supply chain. If the number of intermediaries 

increases, the distortion effect is further amplified. Another cause of the bullwhip effect is shortage 

gaming, where a member of a supply chain tries to protect itself from imaginary shortage by placing 

large orders to its supplier. Examples on contributing factors of the bullwhip effects are the lack of 

visibility of the end customer demand, the use of multiple forecasts and long lead times. (Lee, et al., 

1997)  

 

Both Lee, et al. (1997) and McCullen & Towill (2002) describe tools and counter measures to manage 

the bullwhip effect. McCullen & Towill (2002) discuss tools such as using control systems that add 

to the supply chain performance and integrating information across the supply chain. Lee, et al. (1997) 

identified implementing a multi-echelon inventory control system as a counter measure for demand 

signaling. Such an inventory control system, with a single member controlling the entire supply 

chain’s replenishment, was through the previous research by Clark & Scarf (1960) identified to be 

superior to each member controlling their inventories independently. Sharing information regarding 

point-of-sales data is also seen as a counter measure for demand signaling while sharing information 

on supply and allocating inventory based on past sales are seen as counter measures for shortage 

gaming. (Lee, et al., 1997) 

 

In a study performed by Chatfield, et al. (2013) the authors find similarities between the bullwhip 

effect and the objective of their study; stock out propagation and amplification. Chatfield, et al. (2013) 
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define these terms as follows: “Stockout propagation is the tendency for a stockout at one node to instigate a 

stockout at a neighboring (adjacent) node. Stockout amplification is a stage-to-stage increase in overall stockout rates.”  

 

Chatfield, et al. (2013) find stockout propagation to exist, and to occur at the upstream neighboring 

node rather than the downstream node. They also find stockout amplification to exist, also upstream 

in the supply chain, just as stockout propagation. (Chatfield, et al., 2013)      

 

3.7 INFORMATION SHARING  

Dominguez, et al. (2014) describe information sharing in a supply chain as a significant contributing 

factor for improving supply chain performance. Sharing information creates visibility along the 

supply chain and gives the members the opportunity to plan their inventories based on customer 

demand. Visibility through information sharing is a way to avoid the consequences of the bullwhip-

effect (Dominguez, et al., 2014; Holweg, et al., 2005). Wikner, et al. (1991) discuss that poor 

information flow cause over-reactions and overshoots, which is amplified when information is passed 

to the next echelon. By dividing orders into the two categories real orders and cover orders the 

amplification could be avoided. In this case, real orders mean orders meeting customer demand and 

the cover orders would relate to what might be needed to cover what is held at lower echelons. When 

passing information with two order types the next echelon will know the total demand of the lower 

echelon and will at the same time know not to compensate for the extra orders generated by the 

noticed increase in customer demand. Using these order types only one echelon must be responsive 

and cover for variations in customer demand. (Wikner, et al., 1991) 

   

Jonsson & Mattsson (2013) mention that the value of information sharing depends on the type of 

information and in what context information is shared. Often customers have demand information 

related to planning available, such as information on point-of-sales, stock-on-hand, forecasts and 

planned orders. Other than the type of information shared the value of information sharing is 

determined by the demand pattern. For even or seasonal demand the only type of shared information 

leading to inventory reduction was stock-on-hand. Sharing customer forecasts has no value for even 

demand or seasonal variation while sharing point-of-sales has no value for any demand pattern. 

Sharing planned order information will lead to some increase for even demand and major increase 

for seasonal variation. (Jonsson & Mattsson, 2013) 

 

3.8 SYNCHRONIZING AND COORDINATING THE SUPPLY CHAIN 

Following markets continuing to open companies expand to new markets, making supply chains 

more complex. Companies are working to create integrating and coordinated supply chains to 

maintain high service levels and offer customers products at low costs as well as to avoid the costly 

consequences of managing facilities independently. (Thomas & Griffin, 1996) According to Cattani, 

et al. (2011), planning a single-echelon independently from others, while expecting the supplier always 

being able to deliver, does not work in a multi-echelon structure. In the review by Sahin, et al. (2013), 

regarding rolling horizon planning systems in a supply chain with information available through ERP 

systems, mention a growing need for effectively coordinated supply chain planning systems.     

          

Information sharing means supply chain members can make decisions independent from each other, 

using the information to reduce costs, whereas coordination of inventory management in a supply 

chain is the next step. Coordination in a supply chain means that ordering decisions are synchronized 

across the supply chain, thus single echelons do not make independent decisions. A coordinated 
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supply chain will bring about cost reduction across the entire supply chain but for a single echelon 

this might not mean reduced inventory costs. How benefits are shared in a coordinated supply chain 

could therefore present an issue. (Viswanathan, et al., 2007) Viswanathan, et al. (2007) define supply 

chain collaboration to include both information sharing and coordination. Holweg, et al. (2005) , on 

the other hand, mention that supply chain collaboration can come in various shapes but with a goal 

to create transparency throughout the supply chain with a visible demand pattern. One of the 

collaboration types identified by Holweg, et al. (2005) is described as synchronizing supply where 

replenishment decision, in a retailer-supplier supply chain, is made by the supplier. The critical feature 

in collaboration is to not only share information but to also coordinate replenishment and planning 

decisions. (Holweg, et al., 2005) 
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4 TASK SPECIFICATION 
In this chapter, the task will be further specified. The purpose will be explained and key elements 

identified. These key elements will formulate questions that will later be used to answer the purpose 

of this study.   

 

4.1 THE STUDIED MULTI-ECHELON STRUCTURE 

The nature of the multi-echelon inventory system, that will be of interest in this study, was previously 

presented in 0 and was finalized after discussion with Björklund & Mittet (2017)1. The structure is fix 

with three echelons and with one start node supplying the entire system. Each other node in the 

system has but one supplying node.  

 

There are reasons to why the chosen structure is the one presented here in Figure 7. The first is that 

the initial structure IFS had in mind for this study was with three echelons, because a two-echelon 

structure face less uncertainty because of a smaller need for controlling the replenishment. This meant 

that the step from a two-echelon structure to a three echelon would be the most interesting one, 

assuming the added value would be smaller than the work load, going from a two-echelon to say a 

four-echelon structure. The authors had planned for a structure similar to this one, but with an 

additional warehouse in echelon 2, which would supply two more warehouses in echelon 3. The 

limited time made it necessary to scale down the structure to the one seen here. 

 

 
Figure 7. The structure used when evaluating the models. 

 

After the discussion with Björklund & Mittet (2017)1 regarding the number of echelons, inventories 

and geographical dispersion, it was decided that the manufacturer, that lies outside the studied system 

in Figure 7, is assumed to have a lead time of 40-180 days to the central warehouse in Europe. The 

lead time between the central warehouse and warehouses in the next echelon is assumed to be 3-7 

                                                      
1 Jakob Björklund, Senior Advisor, Manufacturing, Supply Chain & Global Extension. 
  Ingvar Mittet, Principal Business System Analyst 
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days while the last lead time, between the 2nd and 3rd echelon, is assumed to be between 1-4 days. 

The geographical dispersion for the system is assumed to be as follows; the central warehouse (CW) 

is positioned in Europe and is supplied by a manufacturer in Asia. The CW supplies a regional 

warehouse (RW) in one nation, that in turn supplies local warehouses (LW). According to Björklund 

& Mittet (2017)1, these intervals would be applicable in an IFS customer’s supply chain. Using these 

intervals puts the system in a more realistic setting, and increase the relevance of the studied structure.      

 

4.2 BREAKDOWN OF PURPOSE 

Before discussing the purpose of this study further, and identifying its important elements, the 

purpose is presented again:  

 

" To compare a reorder point model with a solution suitable in a multi-echelon setting and investigate how they are 

able to manage uncertainties with service level targets." 

 

From the purpose, it is possible to identify different elements. The setting in which the investigation 

will take place is in a multi-echelon inventory system, subject to service level targets set for each 

location where independent customer demand is faced. As stated earlier, the definition IFS use as 

service level target correspond to the fill rate definition by Vollman, et al. (2005), Chopra & Meindl 

(2004) and Axsäter (2006), i.e. the probability of being able to serve a customer order of one part 

when the demand occurs. 

 

Another important element in the purpose is how uncertainties are taken care of in a multi-echelon 

inventory system. The model that will be compared to the current solution must be able to handle 

both replenishing in a way so no stock out occurs and at the same time share vital information 

throughout the distribution network. The reason for this has been discussed by Dominguez, et al. 

(2014), Holweg, et al. (2005) and Wikner, et al. (1991), and they conclude that information sharing, 

and therefore visualizing and making information available, is key to suppress the bullwhip effect. 

Jonsson & Mattsson (2013) discuss the value of information sharing as depending on what 

information is being shared. Sharing information such as stock-on-hand will lead to major inventory 

reductions for even demand and seasonal variations while sharing customer forecasts will lead to 

some reductions for even demand and major reductions for seasonal variations (Jonsson & Mattsson, 

2013). Information sharing means that members of a supply chain use the shared information to 

make decisions independently (Viswanathan, et al., 2007), and as stated by Cattani, et al. (2011), 

controlling a single echelon independently from others, under the assumption that the supplier always 

has inventory available for shipment, fall short in a multi-echelon structure. Thomas & Griffin (1996) 

state that integration and coordination in a supply chain, is a way to avoid the costly consequences of 

managing facilities independently and to maintain high service levels at a lower cost. Viswanathan, et 

al. (2007)  claim that a supply chain is coordinated when ordering decisions are synchronized across 

the supply chain. 

 

Based on the discussion above it is important with information sharing in and coordination of a 

supply chain in a distribution network. Therefore, an important question to answer in this study is 

the following:  

 

                                                      
1 Jakob Björklund, Senior Advisor, Manufacturing, Supply Chain & Global Extension. 
  Ingvar Mittet, Principal Business System Analyst 



 

 

 

[30] 

 

➢ What effects and benefits can be achieved through information sharing in a multi-echelon 

inventory system? 

 

To be suitable in a multi-echelon inventory system, it is necessary to formulate a model that does 

share information, enabling coordinated decisions of the supply chain. Formulating a model is a 

prerequisite for making the comparison of the reorder point and the model identified from literature 

as suitable in a multi-echelon inventory system. To see if sharing planning information affect 

inventory levels, both even demand and seasonal variations will be used. Due to the limited amount 

of time in this study, studying a trend pattern is suggested for future research.  

 

4.3 INVENTORY CONTROL MODELS SUITABLE IN A MULTI-ECHELON INVENTORY SYSTEM 

As several researches have mentioned, i.e. Viswanathan, et al. (2007), Cattani, et al. (2011) and 

Thomas & Griffin (1996), controlling multi-echelons independently is inefficient and costly. 

McCullen & Towill (2002) described replenishment as a dimension of the bullwhip effect that regards 

orders placed upstream in a supply chain. Holweg, et al. (2005) claim that coordination can be 

achieved through coordinated replenishment. One of the questions Oskarsson, et al. (2013) mention 

that should be answered regarding inventory control, is the quantity that should be ordered. This 

leads to replenishment policy and lot sizing being included in the inventory control model. Since the 

reorder point is the current solution, this is a given replenishment policy, which is the only fix 

parameter in one of the models. 

 

The last identified part of the model is closely related to managing uncertainties and maintaining 

service levels. As mentioned by Chopra & Meindl (2004) and Oskarsson, et al. (2013), safety stock is 

a way to manage uncertainties in demand and to maintain service levels to customer. As managing 

uncertainties in a multi-echelon inventory system is part of the study’s purpose, safety stock is an 

important inventory control parameter that will be included in the development of the inventory 

control models.  

 

4.3.1 REPLENISHMENT POLICIES SUITABLE IN A MULTI-ECHELON INVENTORY SYSTEM 

The most important directive in this study is the one that determines that the inventory structure 

studied is strictly hierarchical and no transshipments are allowed. This requires for the model to be 

able to coordinate the flow of parts so that inventory is available at each stock point where customer 

demand is faced, only allowing parts to travel downstream through the system. 

 

Central for this study is the directive dictating the use of fixed order quantities for each node, meaning 

that one node has one order quantity and another node may order a different order quantity. This 

rule out the base stock policy which says that each node has a fixed interval and then places an order 

of such a quantity that it reaches the reorder level, which effectively change the order quantity every 

time an order is placed. The base stock policy will therefore not be studied further. 

 

A DOP system is an adaptation of a regular reorder point system so that it can handle multi-echelon 

inventory systems in a better way. With the use of a second reorder point signaling that an order will 

soon be placed, the supplier will be given time to source or plan so that the order is ready when the 

real reorder point is passed. Information is shared and that provides a time window in which the 

supplier can act proactively. It works with a fixed order quantity. The wish from IFS considering 

central control is partially met with the DOP, since using the IPR and allowing the system to make 
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decisions are today considered central control. This solution is probably the one closest to the current 

IFS solution, with reorder point, which would minimize the work needed to implement. Since the 

DOP does not fulfill both information sharing and coordination, it is not suitable for further study. 

 

The last replenishment policy covered in this study is the DRP. The greatest advantage of the DRP 

system is the way it projects future inventory levels and plan incoming orders when they are needed. 

This, combined with the time phasing of the planned order release, are what makes the DRP unique 

and coordinates the distribution network in such a way that inventory flow to where it is needed and 

inventory is kept at where it is needed. The DRP works well with a fixed order quantity and is a fully 

integrated central control system, both of which fulfills the wishes of IFS. It is possible to use fill rate 

and set that level as safety level which the DRP then will consider the lowest level possible and 

therefore stay above. A method that may differ from the common ways of determining safety stock 

is safety lead time. Using the safety lead time, the DRP system will schedule planned orders so that 

reception will take place as many time periods in advance as the user has decided. Following the 

reasoning for this method the DRP will be studied further. 

 

The different replenishment policies are put together in Table 3 and are compared to each other 

based on their information sharing ability, if the policies can be used for coordination of the 

replenishment in a supply chain and if they are compatible in a multi-echelon setting. 

 
Table 3. The identified policies’ compatibility compared to each other. 

Model Information sharing Coordination Multi-echelon compatible 

Base stock policy (x) x x 

DOP x  (x) 

DRP x x x 

 

To summarize, the replenishment policy Distribution Requirements Planning will be compared to the 

current ROP system.  

  

4.3.2 DETERMINING LOT SIZING METHOD 

Since no actual part, or its historical demand, is studied or used as foundation for the analysis, 

estimating the costs such as order cost and inventory cost makes it hard to use the EOQ formula in 

this study. Furthermore, the EOQ formula is recommended for when demand has little or no 

variation. In this study, both even and seasonal demand will be used, and makes the use of the EOQ 

formula less suited for this study. Thus, the EOQ will not be used. 

 

The estimated time coverage method is more suitable when no costs are available, this because it only 

uses the expected demand per day multiplied with a selected period, i.e. the number of days the user 

wants one lot size to cover. The simplicity of the time coverage suits this study and will therefore be 

used in the models. 

 

4.3.3 DETERMINING SERVICE LEVEL TARGETS IN A MULTI-ECHELON INVENTORY SYSTEM 

Even though there are several ways to determine the quantity held in safety stock, this study will 

investigate the fill rate since this is in line with the directive given by IFS, see 1.4. Since the directive 
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is to see how the fill rate is affected, it is logical to determine the necessary safety stock using that 

method.  

 

Measuring only fill rate would tell how many parts are lost at the time of shortage but it does not say 

anything about how often the shortage situation occurs. If shortage would occur every day but in 

very small quantities, the fill rate would remain at high levels but the effect on the ready rate would 

be disastrous. Therefore, the ready rate will be measured as well, to see whether there are any 

differences in the shortage situations. Experiencing small shortages every day would indicate a very 

high frequency of delivery, which is kind of an extreme situation, but having no safety stock and small 

order quantities might lead to this. 

 

If safety stock is chosen to counter variations in demand, it is necessary to dimension the quantity 

held in safety stock. If fill rate is used, a chosen service level target determines the amount carried in 

the safety stock. Whybark & Yang (1996) showed in their study that the highest levels of fill rate 

where achieved positioning inventory close to the customers which further strengthens the idea that 

the ideal place for keeping safety stock would be where independent customer demand is faced. 

 

4.3.4 FOMULATION OF MODELS 

Following the argumentation above, the reorder point and the theoretical model are presented in 

Table 4 below.   

  
Table 4. Identified inventory control models. 

Model Replenishment policy Lot sizing method Safety stock method 

1 ROP Time coverage Fill rate 

2 DRP Time coverage Fill rate 

 

 

4.4 WHAT EFFECTS AND BENEFITS CAN BE ACHIEVED THROUGH INFORMATION SHARING IN A 

MULTI-ECHELON INVENTORY SYSTEM? 

Sharing information is the main difference between the inventory control models formulated in 4.3.4, 

where the replenishment policy Distribution Requirements Planning, DRP, shares information on planned 

orders, and the current replenishment policy Reorder Point, ROP, controls each warehouse separately 

without sharing information. To see what effect sharing information and synchronizing have on the 

multi-echelon inventory system, the performance of the two models will be compared while acting 

under identical circumstances in this complex inventory system.  

 

Performance can be measured in several ways, and this study is no exception. As service level targets 

are central in this study, the models’ ability to maintain high service levels is a performance 

measurement that will be used to analyze the effect of information sharing. A model that cannot 

handle variations in the multi-echelon inventory system, and at the same time maintain a reasonable 

service level towards customers, is not worth implementing for IFS. Therefore, the service levels of 

the two models will be compared by answering the following question: 

 

➢ How do service levels differ between the ROP and the DRP model? 
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After establishing whether the models can achieve the desired service level or not, it is interesting to 

study how much inventory is held in the system and if there are any differences between the two 

replenishment policies. Stocking up at every warehouse, and through that tie up capital, is not cost-

efficient (Cattani, et al., 2011). It is necessary to investigate whether any of the policies does that. 

Therefore, the average inventory levels of the two models will be studied and the following question 

analyzed:  

 

➢ What are the differences between the average inventory levels for the ROP and the DRP 

model? 

 

The distortion of demand information, causing variation in demand upstream in a supply chain, is 

referred to as The Bullwhip Effect (Chopra & Meindl, 2004; Skjott-Larsen, et al., 2007; Lee, et al., 1997). 

The consequences of the bullwhip effect are, according to Chopra & Meindl (2004), excessive 

inventories and inventories being out of stock. Lee, et al. (1997) mention that the lack of visibility of 

end customer demand, the use of multiple forecasts and long lead times are contributing factors to 

the bullwhip effect. Therefore, investigating whether the DRP can, by sharing information, create 

visibility throughout the supply chain and mitigate the bullwhip effect.  

 

➢ Are there are any signs of the bullwhip effect for any of the models? 

 

These three criteria will be the base for the comparison between the information sharing DRP model 

and the current solution, ROP, which does not share information. When comparing the models, 

choices will be made that could affect the result of the analysis. To make sure the analysis is valid and 

that the models are robust, a sensitivity analysis will be performed on the input data. With the 

sensitivity analysis, the following question will be answered: 

 

➢ Are the inventory control models robust? 

 

4.5 SUMMARY OF THE TASK SPECIFICATION 

In Table 5, the identified inventory control model, which is suitable in a multi-echelon inventory 

system, and the current solution are presented. 

 
Table 5. Summation of the inventory control models 

Model Replenishment policy Lot sizing method Safety stock method 

1 ROP Time coverage Fill rate 

2 DRP Time coverage Fill rate 

 

The differences between the models are centralized control and information sharing, where the DRP 

model is based on centralized control and shares information on planned orders. The current ROP 

model controls each warehouse independently where the forecast is based on historical demand. The 

important question that will be answered when comparing the inventory control models is the 

following: 

 

➢ What effects and benefits can be achieved through information sharing in a multi-echelon 

inventory system? 
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To analyze the effect and benefits of sharing information in a multi-echelon inventory system the 

following key questions will be used: 

 

➢ How do service levels differ between the ROP and the DRP model? 

➢ What are the differences between the average inventory levels for the ROP and the DRP 

model? 

➢ Are there are any signs of the bullwhip effect for any of the models? 

➢ Are the inventory control models robust? 

  



 

 

 

[35] 

 

5 METHODOLOGY 
In this chapter, the overall methodology of the study will be described. First the study’s approach will 

be described, and what choices have been made during the process. Then, what procedure was used 

for the execution of the study will be described and what methodology was used to meet the objective. 

Finally, the authors discuss the methodology used with a critical approach.  

 

5.1 SCIENTIFIC APPROACH 

When presenting the methodology of a study, it is important to acknowledge what methodology 

alternatives are available and present advantages and disadvantages of these, what alternative is used 

and why (Björklund & Paulsson, 2012). The type of study used, the approach and reliability of the 

study is presented below.  

 

5.1.1 TYPE OF STUDY 

To find models that could manage uncertainties in a multi-echelon inventory system, a literature study 

was performed to find theories applicable to this study, along with previous research for inventory 

control in multi-echelon systems. Many authors pointed to information sharing as a source of 

maintaining high service levels to lower inventory levels. Two models were tested, where one model 

use central control and shares information upstream in the structure, and the other uses historical 

data and each warehouse is controlled separately. Performing these tests gave an understanding of 

the importance of sharing information upstream in an inventory structure. Thus, this study can be 

seen as an explanative study, as described by Björklund & Paulsson (2012). In an explanative study, 

the objective is to both describe and explain, i.e. a deeper knowledge and understanding is wanted. 

This study should not be confused with an explorative study, where little is known within the research 

area and the study aims to give a basic understanding (Björklund & Paulsson, 2012). 

 

5.1.2 APPROACH 

With the objective of studying management of uncertainties in a multi-echelon inventory system, 

information sharing through the structure was found to be a key element. When simulating inventory 

control, for a model not sharing information and a model sharing information on planned orders, it 

was important to study the effect on the service levels towards customers and stock levels. To see 

the effect of information sharing in a supply chain, different demand patterns were tested, as well as 

the lot size used and the lead times between the warehouses. This was done to see the correspondence 

between the performance of a model and the parameters included in the model. This corresponds to 

the systematic approach of a study as described by Björklund & Paulsson (2012). The systematic 

approach tries to explain the reality in an objective way, where the synergy effect between parts of a 

system is essential.  The researcher tries to find connections and relations between the parts to 

understand the underlying factors for certain behavior. (Björklund & Paulsson, 2012) 

 

5.1.3 CREDIBILITY 

According to Björklund & Paulsson (2012), a study’s credibility can be measured by validity, reliability 

and objectivity. These measurements can be described as follows: 

 

➢ Validity: refers to whether the intended measurement is what is measured, and is reflected 

by the methods used. By using several perspectives in a measurement, the validity is 

increased.  
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➢ Reliability: refers to how trustworthy the measuring instruments are, i.e. if the same results 

will be obtained if the measurement is repeated. As for increasing the validity of a study, 

multiple perspectives can increase the reliability of the study.  

➢ Objectivity: regards to what extent the values of the researcher affects the results. By being 

clear and explaining the motives behind the decisions made in the study the reader will be 

able to get their own opinion, which increases the study’s objectivity. 

 

In this study, the authors have used the definitions of validity, reliability and objectivity defined by 

Björklund & Paulsson (2012) to increase the credibility. For example, multiple sources have been 

used to discuss theories in the formulation of the inventory models. When testing the inventory 

control models in Excel, Visual Basic was used to build the models. To increase the credibility of the 

models, both authors were included in the programming process. How the study’s credibility was 

worked with is described below, with discussions on choices made and work processes, as well as in 

the rest of this chapter.   

 

Lot size 

At first, EOQ was the chosen lot size model. Since the demand data had to be created from scratch, 

order cost and inventory interest rate had to be generated too. Generating data for a made-up 

product, by estimating costs, would reduce the validity of the lot size and, therefore, a decision was 

made to use the time coverage method instead. This lot sizing method might not be as complicated 

as the EOQ, but at least it would minimize the uncertainty of estimating costs for a made-up product 

with a created demand. Therefore, choosing time coverage contributed to reduce the loss of 

credibility in the results and conclusions. 

 

The decision to go with fixed order quantities was set in the beginning of the study. The directive 

started in that end, but as time passed, both the authors and the supervisors began to question it 

when the decision was made to not only test even demand. What happened then was that, in the 

code, functionality to use a dynamic order quantity was added. After running a couple of simulations 

with the dynamic order quantity, the authors realized that it would be more difficult to identify what 

was the true cause of differences noticed. Realizing this, the code was changed back to running with 

a fix order quantity, which meant that by keeping other parameters as similar, and neutral, as possible, 

the differences identified should be because of how the models worked. By using a fix order quantity 

instead of a dynamic one, the objectivity was not affected negatively. 

 

Lead times 

Deciding on which lead times to use in this study, intervals of reasonable lead times were given to 

the authors from IFS. Initially, the thought was to randomize values of the lead times from the given 

intervals but that did not happen. Instead, as the work with the code started, lead times for LWs and 

RW were set as close to the middle of the intervals as possible, allowing the initial build and test phase 

to use what was considered neutral lead times. The lead time for the CW was determined to be in the 

lower region of its interval because a lead time in the middle made the program run very slow. A 

decision was made to reduce the CW lead time to make testing faster and more effective. Later, these 

initial lead times used in the creation of the models remained. This might have made the system more 

agile, which could be something that reduce the validity of the results. To reduce the loss of validity, 

lead times were tested in the sensitivity analysis to see how they had affected the results. 
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Programming process 

The process of building the chosen models in Visual Basic was a challenge, there is no point in 

denying that. Before starting to code, breaking down the models into smaller steps was necessary to 

identify in which end to begin. Coding was done in small steps, sometimes adding just one new row 

of code, to make sure it worked as supposed to. Testing the code was essential and many bugs or 

faults were found by doing this. The Visual Basic environment allows the programmer to step 

through the code, one row at a time, and set break points in the Visual Basic editor, meaning that the 

program is paused when said break point is reached. Using break points allowed for testing larger 

sections of code at a time, speeding up the process when the program had been stepped through 

thoroughly. At times, the authors stepped through more than 1000 periods, using break points, trying 

to follow and identify problems that might not show up immediately. By testing and coding iteratively, 

the risk of not discovering bugs or mistakes was reduced, increasing the validity of the created 

programs. Testing and coding took a lot of time and the code for the ROP model can be seen in 

Attachment X and the code for the DRP model in Attachment XII. The attachments show the scale 

of work necessary to make the programs run as supposed to, to get valid data from the simulations. 

It would have been easier for someone with experience from writing code to create the models in 

this study. 

 

An example of a bug that occurred in the DRP program was when adding LW2 to the program. First, 

the code was basically copied from LW1 since they are identical. A problem was discovered when 

looking at how the scheduled orders were transferred as demand in RW. The problem was that the 

update of demand was written to take place within the code for each of the LWs, meaning that the 

LW2 risked overwriting the demand from LW1. An attempt was made to make the LW2 add its order 

quantity to the value already in the cell displaying the demand at RW, but since open orders can move 

around this was not a viable solution. The solution was to move the update of the demand to after 

both LW1 and LW2 was finished, adding a block of code reading from the columns of “Planned 

release” of both LWs instead to create the demand for RW. By identifying the sequence in which the 

code had to be executed, changing the order of when things happened in the code sometimes solved 

a problem, rather than rewriting the code. This example brings transparency to the coding process, 

increasing the understanding of how it was done.  

 

Other choices made was regarding how to measure in the spreadsheet when a simulation had been 

run. Since simulation runs began using the even demand, a decision to measure the total shortage 

and withdrawing that from the total demand. Dividing this with total demand would give the fill rate 

over the entire period. Later, the 1000 first and 1000 last periods were removed to get a stable period 

for measuring. Average inventory was measured over the same period, enabling to compare service 

level and average inventory directly between the models. To increase the validity of the calculated fill 

rate, ready rate and average inventory, the same period was used for measurement for all simulations, 

both for the ROP model and the DRP model. 

 

Service levels 

For both even and seasonal demand, a service level target of 95% fill rate was used to determine 

safety stock levels. All safety stock levels were determined assuming full supply from the upstream 

warehouse. By doing so, the effect on the service levels was visualized when the warehouses were 

connected, as they no longer could expect full supply. For example, if the regional warehouse in this 

study would not be able to deliver when the local warehouses had placed orders, the service levels 
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would be affected if the local warehouses would not be able to meet customer demand. If safety 

stock had been dimensioned when the local warehouses did not expect full supply from the regional 

warehouse, the effect on the system’s service levels would not have been visible. Therefore, to show 

what effect multi-level inventories have on service levels in a supply chain, the safety stock was 

dimensioned to meet the service level target assuming full supply.  

 

In the sensitivity analysis performed, the decision was made to not recalculate the safety stock for the 

ROP model. Had this been a real inventory system, the safety stock would have been adjusted to 

meet the service level target. As the sensitivity analysis in this study is focused on only making one 

change at a time, to analyze its effect, the safety stock was not adjusted to meet the service level target.  

 

Simulation code 

The complete code for the two programs, along with screenshots from the spreadsheet, can be found 

in Attachment X-XIII. Additionally, macros were recorded and used to extract the output data and 

for cleaning up the spreadsheet, preparing to run the next simulation. The macros were used only to 

speed up the process between simulations and are therefore not included in the attachments. 

 

5.1.4 PROCEDURE 

In this section, the procedure of the study will be presented and the tools used to meet the objective 

of the study. Oskarsson, et al. (2013) describe a procedure for changing a logistics process which was 

used as a guideline for this study along with a research procedure suggested by Patel & Davidson 

(2011). The study’s procedure is illustrated in five steps in Figure 8, followed by a description of each 

step.  

 

 
Figure 8. Illustration of the study’s procedure 

Step 1

•Describing the background of the problem

•Understanding the task

•Defining the study’s purpose

Step 2
•Describing the current solution

Step 3
•Litterature study

•Formulating models 

Step 4

•Building models in Excel

•Generating data

•Simulation of the models

Step 5
•Analyze the results of from step 4

•Comparing the results of the simulations
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5.1.5 STEP 1 

The initial step in the procedure, defined by Oskarsson, et al. (2013), is defining the prerequisites. 

This can be done by answering what the objectives are, what parts of the company is concerned, such 

as flows and functions, and what time is available. (Oskarsson, et al., 2013) Patel & Davidson (2011) 

describe the initial step in a research process as identifying the problem area, which does not 

necessarily involve a problem. By identifying the problem area, it is possible to see if there is a need 

for further research and if the research will be of use. (Patel & Davidson, 2011) 

 

To understand the prerequisites of this study and to identify the problem area the advisors at IFS 

were interviewed and the authors participated in a workshop regarding the current solution. By doing 

so, the authors could describe the background of the problem area, gained knowledge of the current 

situation and an understanding of the task. In this step, IFS directives were identified and a purpose 

could be formulated.        

 

5.1.6 STEP 2 

The second step identified by Oskarsson, et al. (2013), regards describing and analyzing the current 

situation. It is defined as a first step towards making a change, after defining the prerequisites. In this 

study, the current situation was described after workshops with the study’s advisors at IFS to see why 

the current solution for the IPR module is not optimal for a more complex inventory structure.  

 

5.1.7 STEP 3 

The third step identified by Oskarsson, et al. (2013), is about finding alternative solutions and they 

recommend finding two alternatives to avoid getting stuck on one thought. In this study, theoretical 

inventory control models suitable in a multi-echelon setting were identified through a literature study 

that resulted in one model, this to compare its performance to the current solution. In the procedure 

described by Oskarsson, et al. (2013), understanding the current situation is performed at the same 

time as identifying the alternatives, in this study step 2 and 3 were not performed quite simultaneously 

but were overlapping.  

 

Literature study  

According to Patel & Davidson (2011), knowledge can be found in books and electronic resources, 

such as articles in journals and reports. In books, the knowledge often gives an understanding of the 

studied area with general models and theories. It is in articles and reports that specific knowledge can 

be found in the latest research. When preparing a literature study, Patel & Davidson (2011) 

recommend the following steps:  

 

Preparing the literature study by using the actual study as a starting point to define the purpose and 

question formulations. The purpose and question formulations can be used to identify what subject 

area they can be connected to and what terms are of interest. (Patel & Davidson, 2011)   

 

Getting an introduction to the area by reading through review literature, such as textbooks and 

encyclopedias. In this way, it is possible to get an overview of the subject area and to easier find 

keywords to be used when searching literature. When defining the keywords, it is important to 

identify such keywords so that the literature search covers as much of the subject area as possible, as 

well as trying out variants of keyword combinations. (Patel & Davidson, 2011)  

 



 

 

 

[40] 

 

Choosing suitable search tools by identifying what search tool might have relevant literature and 

what literature types might be available. (Patel & Davidson, 2011) 

 

Search for literature using the available techniques for the different search tools. There are usually 

techniques to both widen and specify the search. (Patel & Davidson, 2011) 

 

Collect material by looking at by whom the literature was written, whom it was aimed for and if the 

literature found is relevant for the study. It is time consuming to read all literature found and a way 

to get an overview of the literature found is to read the table of contents or the back of books, abstract 

or summary of articles. It is important to take notes over models, theories and conclusions, among 

other things, in order to keep track of collected material. (Patel & Davidson, 2011)  

 

Evaluate the literature study to identify if complementary searches are necessary. (Patel & Davidson, 

2011)  

 

These steps described for a literature study by Patel & Davidson (2011) was used for the literature 

study in this case. By understanding the task of this study, and formulating its purpose, it was possible 

to identify uncertainties and service level targets as important factors combined with a multi-echelon 

inventory structure. With this knowledge, the next step was to gain a basic understanding of what 

literature would be interesting for the multi-echelon structure. This understanding was gained by 

reading available textbooks at IFS and the library at Linköping University. The interesting terms, 

models and theories found in these textbooks were written down and visualized by mapping the 

relations between the theories. Keywords were then identified from the relation map that were 

combined for searching literature, see Attachment I. In total, ten searches were made in the following 

databases, accessed through Linköping university; Scopus, Emerald and Business Source Premier. In the 

databases, the and/or/not techniques were used to include several keywords previously identified by 

the authors in the searches, and to exclude the terms that were not of interest for the study. When 

using the search engines, the keywords previously defined by the authors were used to find matches 

in the title, abstract or keywords. See Table 6 for an overview of the keywords combinations used in 

the different databases.  

  
Table 6. Summary of the keywords combinations used in the different databases. 

Search 
 Title/ Abstract/  
Keywords (And) 

 Title/Abstract/ 
Keywords (Not) 

No. of 
matches 

Relevant matches Database 

1 

multi-echelon manufacturing 

16 
4 journal articles, 
2 dissertations 

 

Unisearch safety stock  

distribution  

2 
multi-echelon manufacturing 

14 1 journal article Scopus 
reorder point  

3 

multi-echelon manufacturing 

13 
 

None 
Scopus reorder point manufacturer 

distribution system  

4 
multi-echelon manufacturing 

163 4 journal articles Emerald 
safety stock  

5 multi-echelon manufacturing 93 None Scopus 
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inventory planning  

6 
multi-echelon manufacturing 

68 None Scopus 
inventory planning simulation 

7 

multi-echelon production 

93 
14 journal articles 

 
Scopus inventory control simulation 

 optimization 

8 

multi manufacturing 

18 
 

3 journal articles 
Emerald service  

echelon  

9 
multi echelon production 

5 1 journal articles 
Business 
Source 
Premier safety stock  

10 

distribution system optimization 

580 
 

3 journal articles 

Business 
Source 
Premier 

multi echelon country 

safety  

 

As can be seen in Table 6 some of the searches are similar but that different databases were used to 

increase the study’s validity and reliability, as described by Björklund & Paulsson (2012), and to cover 

as much of existing literature as possible regarding multi-echelon inventory systems. The relevant 

matches were identified through reading the abstracts and conclusions.   

 

As can be seen there were no relevant matches in search 3, 5 and 6. The reason behind those results 

was that the access to the journal articles that could have been of interest was denied, other than the 

lack of relevance in the resulting literature. When access was denied, the authors tried to find these 

journal articles in the other databases used or through the search engine Unisearch, provided by 

Linköping university. The ten searches were determined as sufficient for the literature study with 

relevant theories covering inventory control in a multi-echelon inventory system. The information 

gained through a literature study is described as secondary data by Björklund & Paulsson (2012), as 

the information in the identified research was collected for a different purpose than the one in this 

study. To avoid this study being biased or not covering the important areas of inventory control in a 

multi-echelon setting, multiple sources have been used where possible.  

 

5.1.8 STEP 4 

The fourth step in this study is partly included in the fourth step in the procedure identified by 

Oskarsson, et al. (2013), where the current situation is compared to alternative solutions. In this step, 

the necessary data for the comparison was identified. How data was generated is further explained in 

5.2 below. The current solution and the theoretical model were built in Excel using VBA code and 

simulations were run based on the identified data.  

  

5.1.9 STEP 5 

In the fourth and fifth step, identified by Oskarsson, et al. (2013), the alternative solutions are 

compared with the current situation and a solution is chosen for implementation. The comparison is 

made in order for pros and cons to be identified regarding the alternatives. When comparing the 

alternatives, it is a good idea to test different sets of data to analyze how sensitive the solutions are. 

In the selection of a solution both the result from the comparison of the alternatives are used as well 

as intangible parameters such as how easy an implementation would be and if the solution is aligned 
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with the company’s strategies (Oskarsson, et al., 2013). In this study, the fifth step included analyzing 

the results of the simulations in the previous step, as well as comparing the new inventory control 

model to the old one. Resulting from the analysis was pros and cons of both models, as well as deeper 

understanding of why they behaved differently. 

  

Oskarsson, et al. (2013) define steps for the implementation and follow-up of the implementation 

but these steps were not included in this study, as the objective of this study has been to compare 

inventory control models. Therefore, the procedure for this study ended in the fifth step in the 

Oskarsson, et al. (2013) model, recommending a solution.  

 

5.1.10 VISUALIZATION OF PROCEDURE 

In addition to the procedure presented above this study was split into a planning phase and an 

execution phase, visualized in Figure 9. The planning phase covered the first four steps of the 

procedure and included understanding the task, describing the current situation, a literature review, 

formulation of inventory control models and the generation of data, with several data sets of demand. 

The execution phase included building the current solution and the theoretical model formulated in 

step 3 that were the basis of the simulations with an even demand pattern and a demand patter with 

seasonal variation. The results of the simulations were compared and analyzed based on the questions 

formulated in the task specification. Finally, when the results had been analyzed, a recommendation 

of an alternative inventory control model, more suited to a multi-echelon inventory system, was 

formulated in a conclusion. 

 

 
Figure 9. A visualization of the procedure used in this study. 
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5.2 SIMULATION LOGIC 

In this section, the logic of the reorder point system and distribution requirements planning used 

when simulating inventory planning is described. Both simulation logics were built for running 

simulations of 10 000 days.  

 

5.2.1 THE ROP SYSTEM 

Visual Basic in Excel was used to program the ROP logic, see Attachment IX for the code. To make 

the programming easier, the lowest echelon was programmed first and tested, to see that the logic 

was working. When the first echelon was finished, with two sites, the second echelon with one site 

was added and then tested, to see that the logic between the echelons was working. The final echelon 

was then added and tested, to see that the logic between all three echelons was working. Each echelon 

used the following work flow:  

 

Update of demand 

Demand for echelon three was the end-customer demand, which was generated in advance and not 

updated, as it was already added in an Excel worksheet. For echelon one and two, demand was set as 

equal to the orders placed by the lower echelon per period. Thus, if a lower echelon placed an order, 

this was translated as demand at the supplying echelon. As there were two sites in echelon three, the 

demand in echelon two was equal to the orders placed by both sites.    

 

Update of reorder point 

As a reorder point is based on safety stock and demand during lead time, this logic was used for the 

reorder point system in this study. The demand during lead time was calculated with the moving 

average method, using the average demand over the past 30 periods. This means that the reorder 

point was re-calculated for each period. For the even demand site one and two used the average 

demand of 100 units a day, instead of moving average.  

 

Update of on hand 

On hand was updated as the quantity on hand in the previous period minus the demand in the actual 

period, plus any deliveries. To avoid negative on hand, the on-hand quantity was set to zero in the 

cases where a site was unable to meet customer demand.    

 

Update of order placed 

In a reorder point system, an order is placed when the quantity on hand falls below the reorder point. 

In this case an order was placed when the quantity on hand, plus any quantity in transit, fell below 

the reorder point.  

 

Update of Order receipt 

As the supplying echelon was expected to ship an order the same day the order was received, the 

planned order delivery was updated with the lead time between the echelons.     

 

If an echelon was unable to meet demand 

If the on-hand quantity from the previous period plus any incoming deliveries were smaller than 

demand from the end customer or a lower echelon this would lead to shortage. As the lowest echelon 

met the end customer demand, the only consequence was a shortage but in echelon one and two the 
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shortage would affect the lower echelons. If echelon one was unable to deliver an entire order placed 

by echelon two, the available quantity was delivered. This meant that the order placed and order 

receipt also had to be updated with the new quantity in echelon two.  

 

In the case where echelon two was unable to deliver to echelon three, there were three possible 

scenarios; both sites in echelon three placed orders on the same day, only site one had placed an order 

and only site two had placed an order. If both sites in echelon three had placed orders on the same 

day and echelon two was unable to deliver, echelon two would deliver half of the available quantity 

to site one and the other half to site two. Because both site one and two followed the same demand 

pattern, an even split of the available quantity was decided as appropriate, as this would give them 

the same prerequisites to meet customer demand despite not receiving a full order. If either site one 

or site two had placed an order echelon two would ship the available quantity to the site that had 

placed the order. As when echelon one failed to deliver a full order, the order placed and order receipt 

was updated in the concerned site(s). 

 

5.2.2 DISTRIBUTION REQUIREMENTS PLANNING LOGIC 

Visual Basic was also used for programming the DRP logic, see Attachment XI for the code. Building 

the logic was an iterative process, adding functionality in small steps and making sure it worked as 

supposed to by running the simulation for a limited amount of days to make sure the correct cells 

were read from and written in. First, one site was created which faced customer demand. Adding a 

second site, which supplied the first site, was done reusing a lot of the code, this since the logic is the 

same, but with modifications to make them connected. Next, a third site was added, creating a three-

echelon serial inventory system. Adding the last site was easier since the difference between the 

second and the third site was smaller than the difference between site one and two. Finally, a second 

site with customer demand was added in echelon three, creating a network with two sites supplied by 

one site, which in turn is supplied by the last site in the first echelon. The work flow of the DRP 

program follows the logic below. 

 

Declaring variables and assigning values 

Every site needed lead time, order quantity and safety stock to work. Additional variables needed in 

the DRP was a variable named “Leadtime_Echelon”, being the number of days in the planning 

horizon. The “Leadtime_Echelon” must be larger than the sum of all the lead times for the sites. In 

the simulations, it was set to 150 days, allowing all sites to plan and being long enough not to cause 

trouble with simulations. A too short planning horizon resulted in no orders being placed in the CW. 

Every site was given an on-hand stock at the start of each simulation. These parameters read values 

from the Excel Spreadsheet in which the code was run, i.e. the lead time for site one in echelon three 

was assigned the value in the cell where the user had entered the wanted lead time for that site. 

 

One more thing was needed which is done automatically in the code, this to determine the shortest 

and longest lead time of the sites in the third echelon. This was needed to prevent things like writing 

outside the spreadsheet to happen. 

 

Before entering the loops and more advanced code, the program writes the start values minus demand 

in the cell representing day 1. This was done for all sites using their respective start values, only the 

sites in echelon three face demand from the first day. 
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Both demand and forecast are already in the spreadsheet when the simulation starts. The demand is 

“invisible” for the logic until it reaches that period. 

 

Creating the projected on hand 

Since every new day faced a different demand, the DRP reschedules every day. When time passes 

one period, a new forecasted on hand is projected forward by the same amount of days entered for 

“Leadtime_Echelon”. This projected on hand is based on the forecasted demand per day, thereby 

creating a projected on hand stock for every planned day ahead. 

 

Planned order receipts 

If the projected on hand stock level fall below the safety stock level the DRP logic react by scheduling 

to receive an order with the quantity given for that site. This is done to counter the potential shortage 

situation associated with falling below the safety stock level, or zero if no safety stock is used. 

 

Planned order release 

A planned order that is supposed to be delivered at some point in time, needs to be sent from the 

supplying site. What the DRP logic does is that for every planned order receipt, it schedules when in 

time the order should be released and sent from the supplying site. The code is written to schedule 

the release of the order one lead time, for the specific site, earlier than the planned order receipt. The 

planned order release is then entered as demand for the site supplying the site that projected the 

order. The demand at echelon two is the sum of the planned order release from both sites in echelon 

three. 

 

An order may be moved in time if it is outside the lead time window, because once inside the lead 

time window, the order is considered sent from the supplying site and therefore the arrival date is 

fixed. 

 

Order of events 

Time changes one day at a time and the actual on hand is updated with the demand for that day. 

Projected on hand is recalculated every time the logic steps to the next day, adjusting for the demand 

that day. First, the sites in echelon three forecasts one day ahead and projects planned order receipt 

and planned order released. Then echelon two projects its planned stock on hand and schedules 

orders for itself. Echelon one then does the same. This is looped for the number days selected for 

“Leadtime_Echelon”. When this is done, the program moves on to the next day, updates actual on 

hand, then loops the projected on hand for all echelons again. Time changes 10 000 times since the 

simulation is run for 10 000 days. This is possible to change, but the change must be done inside the 

code itself by changing the amount of times the largest loop loops. 

 

If an echelon cannot deliver the required amount 

Since the sites are depending on the inventory available in the supplying site, a shortage in the 

supplying site changes what is delivered to the receiving site. A receiving site learns how much it will 

receive the moment an order is sent. The first case is when one of the sites in echelon three has 

placed an order and the inventory in echelon two is not sufficient, instead of receiving the wanted 

amount, the site receives what is available, or zero if inventory is empty. The second case is when 

both sites has placed orders, then the available inventory is split in half and both sites receives one 

half each. See the argument for splitting the available quantity in half in the description of the reorder 
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point logic above. The case of echelon two ordering from echelon one is simpler, either it receives 

the wanted amount, the amount available or nothing, depending on what the stock on hand is at 

echelon one. 

 

5.3 DATA GENERATION  

Before the simulation could be performed, data had to be generated based on the parameters included 

in the inventory control models, and to study the behavior of a part in an inventory control model, 

the demand for the part to be generated. Therefore, this section presents how demand and forecast 

were generated along with parameters included in the models and how their data was generated. As 

the models include demand and forecast, a replenishment policy, lot sizing method and safety stock 

method these parameters included in the models will be presented in that order. For the parameters 

where data was generated and calculated in Excel.  

 

5.3.1 DEMAND 

Demand was generated based on a period of one day, receiving a value based on an average and 

standard deviation, therefore representing the total demand during that day. Data sets were generated 

in Excel, using Excel formulas, and were generated for 10 000 days.  

 

Generating data for even demand with normal distribution 

Generating demand with the flat profile, representing a Fast mover was created. This means large 

average demand but with large variations. A normally distributed data set with a mean value of 100 

and a standard deviation of 50 was generated for each day. The standard deviation of 50 was chosen 

to add some uncertainty in demand. Because the authors did not know what would be a suitable 

standard deviation, and what effect the chosen standard deviation would have on the results, a 

sensitivity analysis was performed where both a smaller and larger standard deviation was tested. This 

was also done for seasonal demand.  

 

Using a standard deviation of 50 enabled some days to have a negative demand value, which was 

corrected to assume the value zero. Demand was also rounded up to whole integers. This was Data 

Set A. 

 

Generating data for demand with seasonal variation with normal distribution  

The data set with a seasonal variation was generated as a normally distributed data set with a mean 

of 0 and a standard deviation of 50 but with the modification of adding 5 units to the mean every 

period, 40 days in a row and then subtracting 5 units from the mean every period, 40 days in a row. 

This created a seasonal profile with demand starting at zero and climbing to 200 units per day that 

then decreases back down to zero. This was done to visualize a seasonal variation with an 80 days’ 

cycle. During one seasonal cycle, the average would be 100 units per day, being the same as for the 

even demand in Data Set A. This seasonal pattern was pitched as an idea from IFS and interpreted 

in numbers by the authors. This was Data Set B. Table 7 shows the Data sets. 

 
Table 7 Summation of the different demand datasets used in the simulations. 

Data Set A B 

Average 100 100 

St. dev. 50 50 
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Season - +5 for 40 days, then  

-5 for 40 days. 

Starting from zero. 

 

5.3.2 LEAD TIMES 

Lead times for the structure were generated using the intervals supplied by IFS. The lead time 

between echelon one and its supplier was set to 60 days, equivalent of shipping something from Asia, 

and the lead time between echelon two and three was set to 5 days, equivalent to shipping items 

between a central warehouse and a distribution warehouse in Europe. The lead time between site one 

in echelon three and echelon two was set to 2 days while the lead time between site two in echelon 

three was set to 3 days, equivalent to shipping items between a distribution warehouse and two local 

warehouses in a country. 

 

The definition of lead time used in this study was as follows. Orders were always placed in the 

evening, after the day was over and all demand was taken care of, while orders were received in the 

morning, before any demand had occurred. A lead time of two days meant that the order would arrive 

two days after the order was placed. For example, if a warehouse placed an order on a Monday, the 

warehouse would receive the order from the supplying warehouse Wednesday morning.  

 

5.3.3 FORECAST 

Forecasts had to be calculated for both replenishment policies to work, how forecasts were generated 

for even demand and seasonal variation is described below.  

 

Forecast for even demand 

The initial forecast was set to the mean value used to create the demand, as the random variations 

were not possible to forecast. An argument for this would be that since chance cannot be forecasted, 

assuming this pattern had been known for a time, the mean was as close as possible to a neutral 

forecast.  

 

Forecast for seasonal variation 

The initial forecast for the seasonal demand variation was chosen to be made the same way as for the 

flat demand. Assuming this reoccurring pattern would have been observed for a time, a forecast being 

the expected mean for every period. This would provide the DRP with an optimal forecast but since 

chance was added to the demand data, it was made hard to not suffer from shortages. 

 

5.3.4 REPLENISHMENT POLICIES 

What parameters were needed for the replenishment models ROP and DRP, and how the data for 

the required parameters was generated, is explained below.  

 

Reorder Point 

To calculate the ROP equation 𝑅𝑂𝑃 = 𝐷×𝐿𝑇 + +𝑆𝑆  (10) was used and requires the following 

parameters to work: 

 

➢ D = demand per time unit for each site 

➢ LT = Lead time for delivery at each site 

➢ SS = Safety stock, to meet service level targets 
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The generated yearly demand described in 5.3.1 was used to calculate demand per time unit used in 

the reorder point logic, see 5.2.1. To calculate the historical demand moving average was used, with 

equation (4). Axsäter (2006) mention that the length of the period should be based on how fast 

demand is varying. Because the authors did not know what would be an appropriate length of period 

the advisors at IFS were consulted. From this consultation, using a period of a month, i.e. 30 days, 

was suggested and was the period used for moving average. The lead time between the supplying and 

receiving unit defined in 5.3.2 was used as lead time for delivery. How safety stock was dimensioned 

is described in 5.3.6 below.   

 

Distribution Requirements Planning 

The DRP calculation does need some parameters to work. 

 

➢ Forecast per time unit – see 5.3.3 above – needed for all independent demands 

➢ LT = Lead time in days for delivery – needed for every site 

➢ SS = Safety stock – needed for every site. See safety stock calculation below 

 

With these parameters set, the DRP calculates the stock on hand and projected stock on hand based 

on forecast per time unit. Stock on hand is recalculated every time unit to see how much of the 

forecast that was consumed. After that, the DRP calculates when orders must be received and these 

orders are then time phased backwards by the lead time, determining the dates for when shipping is 

set to happen at the previous warehouse. 

 

5.3.5 LOT SIZING METHOD 

The time coverage method requires the average demand per period, through equation (2). Since 100 

parts were the average demand for the even demand data, it was set as average demand in the time 

coverage calculation. The cover period was set to be the lead time and since all sites have different 

lead times, pairing the order quantity to the lead time gave different order quantities for each site. To 

do the comparison as fair as possible, the same order quantities were used for both demand patters. 

 

5.3.6 SAFETY STOCK METHOD: FILL RATE 

Fill rate was the only method used for dimensioning safety stock, with equation (5). How data was 

generated for these methods is described in this section. To dimension safety stock with the fill rate 

method, the following parameters were needed:  

 

k = safety factor 

LT = Lead time (days) 

𝜎𝐷 = standard deviation per day 

  

The lead time is equal to the lead time between the supplying unit and the receiving unit and collected 

from the defined inventory structure. The standard deviation per day is calculated in Excel based on 

the generated yearly demand. To generate the safety factor from the safety function, the following 

data had to be generated, collected from equation (6) and (7): 

 

FR = Fill rate 

Q = Order quantity 
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𝜎𝐿𝑇 =  𝜎𝐷×√𝐿𝑇 = standard deviation during lead time 

 

Fill rate was the desired service level. After the safety function had been calculated, the safety factor 

was collected from a table over the safety function presented by Oskarsson, et al. (2013). After 

consultation with IFS, the achieved service level, also referred to as service level target, was set to 

95%. The order quantity was calculated with the time coverage method, see 5.3.5 above.    

 

5.4 RUNNING THE SIMULATIONS AND EXTRACTING THE NECESSARY INFORMATION 

First, both models were run for even demand, Data set A, without safety stock, this to get an initial 

grasp of how they were performing. By doing so and seeing the results, it became clear that the DRP 

achieved higher service levels and to be able to compare them, the ROP needed safety stock. The 

safety stock was determined by first giving the LWs unlimited supply and adding safety stock to reach 

a fill rate of 95%. Then the RW was given unlimited supply and safety stock to reach a fill rate of 

95%. The CW did not need safety stock. Determining the safety stock was an iterative process for 

every warehouse. The same procedure for seasonal demand resulted in the ROP with safety stock 

being compared to the DRP without safety stock, except Data Set B was used. 

 

Measuring the attained service levels was done after a simulation was finished. Since the simulation 

ran for 10 000 periods, and the start values was significantly higher than the order quantity, it was 

decided to remove the first 1 000 periods and the last 1 000 periods and thereby measure over a stable 

period. Calculating the fill rate was done by subtracting total shortage from the total demand, which 

was then divided by the total demand.  

 

Calculating the ready rate was done in a similar fashion for the same time periods. The total amount 

of days with shortage was subtracted from the total number of days in the period, which was then 

divided by the total number of days in the period. The service level calculations were done for all 

warehouses. 

 

The average inventory level for each site was calculated using the Excel formula “Average”, which 

calculates the average of all the selected cells. The average inventory was calculated using the stock 

on hand at the end of each day, covering possible demand or order receipts during that day. The 

calculations were based on the same time periods as for the service level calculations. This allowed 

for comparing service levels and average inventory levels based on the same time periods. 

 

5.5 ANALYZING THE OUTCOME OF THE SIMULATIONS 

The analysis was done dividing the results in two parts, first even demand and then seasonal demand. 

The comparison was made between the ROP with safety stock since it performed like what the DRP 

performed without safety stock. The results were then compared to one another and differences 

investigated to understand what was causing the differences. To find the answer to what effects and 

possible benefits that could be achieved through information sharing, the criteria chosen for 

evaluation in the task specification, section 4.4, were studied: 

 

➢ How do service levels differ between the ROP and the DRP model? 

➢ What are the differences between the average inventory levels for the ROP and the DRP 

model? 

➢ Are there are any signs of the bullwhip effect for any of the models? 
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Since the service levels towards customers were similar for the models when faced with even demand, 

the analysis was shifted to focus more on the average inventory levels required by the models to 

achieve these service levels. By comparing average inventory levels in both RW and CW between the 

models, it was investigated whether the bullwhip effect was present or not, and whether information 

sharing had shown any benefits or not. 

 

Analyzing the seasonal demand was done in a similar fashion. The difference in service levels were 

larger in this case, which allowed the analysis to investigate why there was a difference, when there 

were seasonal variations in the demand. After that, the analysis focused on the average inventory 

levels in combination with the service levels, this to attempt to connect and see how these to where 

depending on each other. 

 

When the analyses of the two demand patterns were complete, the major findings were summed up 

to show the cause for why the models performed as they did, when facing the different demand 

patterns. 

 

5.6 SENSITIVITY ANALYSIS 

Performing a sensitivity analysis had two purposes in this study. The first was to see how the effect 

of information sharing and synchronizing changes, when conditions are changed. The second was to 

validate that the created Excel models showed reliable and repeatable results when changing the input 

data. By performing the sensitivity analysis, the following question was answered:  

 

➢ Are the inventory control models robust? 

 

Running the models using only two created scenarios, even demand and seasonal demand, would 

have been a too weak foundation to draw conclusions from. Running new tests with a smaller and 

larger standard deviation was done to see whether the DRP, with its information sharing, could 

achieve high service levels with low average inventory, when facing smaller or larger variations in 

demand. Using the large and the small standard deviation in both even and seasonal demand, quickly 

resulted in tripling the amount of data from which to draw conclusions. 

 

Changing lead times and order quantity are small changes that was tested to see how the models 

would cope with changes in how the models could act. The first test was to change lead time in LW1 

to four days’ lead time. This was done to see whether it had any effect on LW1, but also if it would 

affect LW2 or RW. To see whether lead time or order quantity are what affects performance the 

most, LW1 was given an order quantity of 400 to match the longer lead time. Results from these runs 

were analyzed to see if any of the changed parameters had any effect on service levels or average 

inventory levels. These changes were done in only LW1. 

 

Another thing was to test the lead times for both LWs. Changing the lead times to the longest in the 

given interval, selecting 4 days’ lead time for both LWs. One run was also done with the shortest lead 

times, 1 day, in the interval. By doing these changes in lead time and comparing how the models 

coped with the changes, it was possible to see whether the effect of sharing information would remain 

or if it would be less effective because of changed settings. 
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The order quantity in the CW was very big because of the long lead time. It was decided to see how 

it would affect performance if it was smaller. It was set to 2000, double the order quantity of the RW, 

and the simulation was run. This was done to see whether the large lot size had had any impact on 

the resulting service levels or average inventory levels. Having such a large lot size allowed the CW 

to have inventory on hand most of the time. With this smaller lot size, it put more pressure on 

synchronizing to be able to supply the warehouses downstream, which meant it was possible to see 

if good service levels were still possible when a lot of inventory would now be in transit rather than 

in a warehouse. 

 

The way the ROP used historical data to determine the reorder point and the DRP was using the 

forecast to determine when to schedule orders, it was important to know how this would have 

affected the results. By allowing the ROP to use the forecast to determine the reorder point it would 

be possible to see whether this would reduce the bullwhip effect or not. To see how the DRP would 

perform under a worst-case scenario, a simulation run on seasonal demand but with a flat forecast 

was tested. This would make the DRP blind to future changes and allowing to see how this would 

affect the information that was shared in the system. These two tests allow for the models to change 

roles, allowing the ROP to see and make use of what is likely to happen and making the DRP act in 

complete blindness of what is going to happen, just like the ROP did under earlier tested 

circumstances. 

 

As Axsäter (2006) suggests, using the demand from the preceding year for seasonal demand, to 

mitigate the effect the seasonal variation might have on the forecast when using moving average, this 

change was made for the ROP model. Therefore, the ROP model was tested with a moving average 

for 365 days in all echelons, to see if this would mitigate the effect of seasonal variation. To see what 

effect the number of periods used in moving average has on the ROP model’s performance, using a 

moving average of 15 days in all echelons was tested.  

 

5.7 ANSWERING THE PURPOSE 

When the analysis and the sensitivity analysis had been performed, it was possible to see the effect 

on sharing information on planned orders for both service levels towards customer and average 

inventory levels in the system. It was then possible to draw conclusions based on both the analysis 

and the sensitivity analysis what the effect and benefits of using information sharing in a supply chain 

are. They were then summed up and discussed in a conclusion for managing uncertainties in a multi-

echelon inventory system.   

 

5.8 METHODOLOGY CRITISISM 

In this chapter, the choices made in this study will be reflected upon to give the reader an opportunity 

to take a stand on the methodology used.  

  

Literature study 

A disadvantage with using secondary data, is that it does not correspond with the purpose of this 

study, even if similar. To avoid negative effect on the reliability of the study, a well-structured 

literature study was performed, described in detail in 5.1.7, and multiple sources were used where 

possible, throughout the study.  
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Directives and delimitations 

Even though a directive has been given by the advisors at IFS the authors have contemplated and 

reflected over the effects these choices would have on the study’s reliability. The directive of assuming 

constant lead time is a good example. By applying this directive on the study, it is possible for the 

authors to draw conclusions on whether an inventory control model can manage uncertainties in 

demand while maintaining service level targets. Had both uncertainties in demand and lead time been 

used it would not have been possible to conclude what uncertainties the inventory model was able to 

manage. Not including constant lead times could also be misleading, as it excludes the possible effects 

of information sharing when a system is exposed to both demand and lead time uncertainties.  

 

As much as following directives and making delimitations simplifies the study, and gives focus to the 

key elements of the study, the conclusions made in the study are limited. These directives, and 

delimitations, were discussed, from an implementation point of view. For example, the possible 

effects on the models’ performances were discussed if back orders had been allowed. Furthermore, 

the following directives were discussed: 

➢ Constant lead times,  

➢ Not allowing transshipments,  

➢ Unlimited supply,  

➢ Unlimited storage capacity 

➢ Only studying inventory control on a part level 

 

The following delimitations of this study were discussed:  

➢ The fix order quantity 

➢ Not allowing backorders 

➢ Not including quantity in transit in average inventory 

➢ Order split when an echelon was unable to deliver full quantity 

➢ When stock on hand was measured 

➢ Only testing even and seasonal demand 

 

Building models and generating data 

Because the authors do not have any, or very little, previous experience in programming in VBA, it 

is possible that the code used for the simulations of the ROP model and the DRP model have some 

bugs or faults. To make the code as reliable as possible, both authors were equally included in the 

programming process. When adding new echelons in the structure the code was run, one period at a 

time, to make sure the program used the logic as expected. There is also no error handling which may 

cause the program to crash for unknown reasons. To avoid the program to crash, initial values were 

adapted for the simulations to run smoothly, such as high on hand values at the beginning of the 

simulations. If average inventory levels or service levels would have been measured in periods 

affected by these values, this would have affected the results of this study. To avoid such errors, 

measurements of the average inventory and service levels was made when the system was stable, 

around 1000 days into the simulations.    

 

Choices made for ROP and DRP logic 

With the standard deviation of 50, the generated demand would for some periods be negative. With 

the adjustment of negative demand to become zero for these periods, the standard deviation was 

affected. Being aware of this, the authors calculated the standard deviation in the simulations and 
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used this standard deviation to calculate the safety stock, thus using the real standard deviation. The 

standard deviation was calculated for a period of 8000 days, around 1000 days into the simulation, 

for the ROP model without safety stock.  

 

Because the forecast was not calculated with a forecasting method it can be assumed that the forecast 

was optimal for the DRP model, thus making the DRP model perform under ideal circumstances, 

for both even demand and seasonal variation. To increase the validity of this study the DRP was also 

given a worst-case scenario, where the forecast was flat and the DRP was unaware of the seasonal 

variation.   

 

Other choices that affected the result of the simulations and the analysis were brought up for 

discussion. Examples on such choices are the measurement of stock on hand at the end of the day, 

and that stock in transit was not included when analyzing the cost efficiency of the models. It was 

discussed how these choices did affect the result of this study and what would have been different if 

stock in transit had been included. 

 

The way this study has measured fill rate is fine when there is even demand because every day has 

the same mean, meaning that the total demand and total shortage is a fair comparison. Measuring in 

the same way when there is seasonal demand, might have been unjust. Since the absolute amount of 

shortage is used for measuring, not all days have the same weight to them. A day with little demand 

cannot have as large impact as a day with higher demand. Instead, it should have been measured in a 

way where every day was calculated separately, giving them the same weight in the average. This was 

discovered too late to change. Realizing the current method of measuring might give wrong fill rate, 

a quick measure was done in one in the DRP with seasonal demand to see if there was a difference. 

Luckily, towards end customers, the new way of measuring gave very small differences and since the 

study has focused on service levels towards customers, the old method gave valid results. The 

difference was higher service levels in RW and especially CW, but since these service levels are not 

as relevant as those against customers in the LWs, the authors decided to not change the method for 

measuring. The used method for measuring is most likely the explanation for why the fill rate in CW 

is lower than it should be, see for example in Table 26 in Attachment III. 

 

5.9 DELIMITATIONS DUE TO TIME LIMITS AND OTHER FACTORS 

The first thing planned originally was to add independent demand at warehouses that were higher up 

in the supply chain, simulating a warehouse supplying a local market and downstream warehouses. 

This is referred to as the dual role by Cattani, et al., (2011). A probable solution to this problem was 

to create a virtual warehouse, connected to the real one with a lead time of zero, enabling a 

combination of dependent and independent demand from both customers and warehouses to be 

served. The authors of the study set an optimistic goal at the first for what could be achieved, in 

terms of creating and writing code. With the time limit of this study, the authors realized adding 

independent demand at all warehouses would not be possible and decided to focus on a qualitative 

analysis of the structure, with independent demand in the local warehouses only.  

 

The other large change that had to be made was to reduce the system in which simulations was meant 

to be run in. The original thought was to have the central warehouse supplying a second branch with 

a regional warehouse and two local warehouses. This would have added more complexity to the 

system and the central warehouse would have been put under more pressure to perform. But the 
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time was a limiting factor, combined with the authors limited abilities to write code in the beginning 

of the study, caused the reduction of the structure studied.  
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6 ANALYSIS 
All results from the simulations used in this chapter can be found in Attachment II and Attachment 

III. The analysis focus on the most important results, where the models perform similarly, in this 

case the ROP when given safety stock is compared to the DRP without safety stock. The chapter is 

split into three sections, treating the two demand patterns separately first, and then a summary to 

show the most important findings from the two demand patterns. 

 

6.1 EVEN DEMAND 

The process of creating the even demand is described in section 5.3, but as a reminder, the average 

is 100 with an added standard deviation of 50. This allows for no demand in some periods. Note also 

that it is not possible to forecast this demand pattern, as chance is the only cause for variation. Trend 

or seasonal variations would have been possible to observe, and therefore possible to forecast. The 

results from these simulations are presented in Figure 10 below.  
 

 
 

 
 
 

Figure 10. The ROP and DRP models’ performance for even demand. 

Despite dimensioning the safety stock calculations to reach the service level target of 95 % fill rate, 

when given unlimited supply in the local warehouses and the regional warehouse, the ROP does not 

manage to reach that goal because the supply chain is dependent on whether the supplier has stock 

on hand or not the moment an order is placed. The DRP perform a similar fill rate when not having 

a safety stock, justifying the comparison made below. The DRP manages to reach 95 % fill rate in 

one of the local warehouses. 

 

Running with an even demand pattern, both the DRP and the ROP perform similar service levels 

towards customers. Given the even demand, both models should perform similar results, according 

to Vollmann et al. (2005). The difference between the models is seen in the total average inventory 

Comparable service levels. Less average inventory in the DRP system. 
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levels, where the ROP system has a 20 % higher total average inventory level. Despite achieving 

similar service levels, the DRP manages to keep lower inventory levels in both the CW and the RW. 

 

Because all other parameters are the same for the models, only the models themselves and the way 

they work, can be the cause of this difference. Using the ROP logic, each warehouse is planning on 

its own and reacting solely on when the inventory level falls below the reorder point. In a distribution 

network, this is costly and inefficient according to Viswanathan, et al.  (2007), Cattani, et al. (2011) 

and Thomas & Griffin (1996). 

 

The DRP works differently from the ROP. Looking at a single warehouse facing customer demand, 

there is little or no difference in performance. This is because the reorder point focus only on when 

to place an order and the DRP focus on when an order should be sent and received, which is how a 

time phased reorder point works according to Vollman, et al. (2005). Scaling up to several connected 

warehouses, the DRP connect these time phased reorder points and creates a system that acts based 

on what is going to happen, rather than what has already happened. In the case of even demand at 

both local warehouses, the effect of the different behavior is not visible. However, the effect of the 

DRP can be seen in the CW and the RW when investigating the average inventory levels. Since the 

DRP focus on when an order should be received, planning forward is necessary. This planning ability 

has two sides to it, the first being the planning horizon. The DRP uses forecast to project the available 

on-hand inventory, and schedules when in time orders must be received to avoid shortage situations. 

This can be seen in an example of how it looks like in LW1 in Table 8 below, where the DRP has 

planned order receipts for period 6, 8 and 10 based on what the DRP thinks LW1 will have in stock, 

given the forecast for the periods.  

 
Table 8. Even demand. An example on how the DRP projects future on hand and plans for future orders in period 2. 

Q 200 Lead time 2         

Start value 400 Safety stock 0         

Period Forecast Demand 
Order 
receipt 

Order 
placed 

Projected 
on hand 

Actual 
on hand 

Shortage 

1 100 193     300 207 0 

2 100 25   2001 107 182 0 

3 100       82   0 

4 100   2001 (200)2 182   0 

5 100       82   0 

6 100   (200)2 (200)3 182   0 

7 100       82   0 

8 100   (200)3 (200)4 182   0 

9 100       82   0 

10 100   (200)4   182   0 

 

The second advantage of projecting the on-hand inventory is that the planned orders are used as 

demand for the supplying warehouse, in this case the RW. The supplying warehouse also projects its 

available on-hand, identifying when in time it is necessary to resupply and when the shipment must 
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be sent from the CW. By planning when in time the LW requires deliveries, the whole supply chain 

is synchronized by making use of the shared information, i.e. the shipment due dates, to have stock 

on hand at the time a shipment is due. The ability to predict when stock is necessary allows for placing 

orders when stock on hand is needed instead of using a reorder point, which places an order based 

on its own stock on hand alone. 

 

6.2 SEASONAL DEMAND 

The process of creating the seasonal demand is described in the Section 5.3, but as a reminder, starting 

from zero and adding 5 units per day for 40 periods in a row, peaking at 200 units, and then returning 

down to zero, again in steps of 5 units per day. On top of this pattern, a standard deviation of 50 is 

added, making the forecast follow the seasonal pattern but with chance still causing deviations from 

the expected demand. The results from these simulations are presented in Figure 11 below.  

 

 
 

 

 

 
Figure 11. The ROP and DRP models’ performance for seasonal demand. 

When exposed to seasonal demand, the ROP does not reach the service level target of 95 % fill rate, 

while the DRP does, although the difference is very small. The DRP achieves a higher fill rate at a 

lower average inventory level than the ROP, but the ROP achieves a better ready rate. Looking at the 

average inventory levels at the LWs, the average inventory levels in the DRP system are a lot lower, 

yet the fill rate is better. To achieve a better fill rate and at the same time a lower ready rate, the 

shortages must be small, but are more frequent than for the ROP. This indicates that, when the ROP 

experiences a shortage situation, the shortage is larger and therefore causes a lower fill rate but better 

ready rate than the DRP. 

 

Regarding the total average inventory held in the system, the difference between the two models is 

larger. The DRP manages to achieve similar service levels to customers as the ROP, but with almost 

Higher fill rate and 60% less average inventory in the DRP system. 

The ROP system is exposed to the bullwhip effect.  
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60 % less average inventory. Even the middle echelon, RW, manages to serve the local warehouses 

with an average inventory level lower than the quantity held in safety stock alone, required by the 

ROP. The factor of planning ahead, using forecast, proves to be a better option to using historical 

demand to determine a reorder point. The effect on performance is that the ROP has a lot of 

inventory on average, but the average itself does not provide good enough performance when facing 

changing demand. This means that, to reach such a level on average, the ROP stocks up and has high 

stock on hand levels in periods with lower demand, but runs out of inventory when the demand rises, 

causing shortage situations that decrease the service levels.  

 

The reason for the ROP model to stock up during low season is seen in Figure 12, where the reorder 

point in LW1 is offset to the customer demand, this because the reorder point is based on the demand 

for the past 30 days. The order pattern being offset to demand in LW1 and LW2 is then spread 

through the system, as the RW base its order pattern on the LW’s historical demand, further distorting 

the true demand pattern, which results in the bullwhip effect. 

 

 
Figure 12. Seasonal demand. The reorder point and customer demand for 160 days in LW1, with safety stock. 

Reconnecting to the previous section, where planning future orders in the DRP was discussed, the 

importance of that ability is further verified. Because the DRP is projecting future orders, using the 

forecast and then sharing the due dates with supplying warehouses, the CW and the RW can schedule 

their own shipments to ensure that stock is available when needed downstream.  

 

This is shown in Figure 13, where a benefit of acting on future events is shown in the CW. Between 

day 56 and around day 70, there is no demand and this is timed perfectly with running empty and 

then receiving the shipment the same moment as new demand occurs. This is a period of 13-15 days 

where it was possible to keep the stock level at a bare minimum, which of course influences the 

average inventory level, when there was no demand. This does not work every time though, as seen 

around day 126, where the RW placed an order one day before shipment arrived and a shortage 

situation occurred. What happened was that the RW placed a new order the next day, because no 

quantity was sent, in hope of the CW now having stock on hand. The excerpt is showing that having 

no stock on hand, does not necessarily lead to shortage. 
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Figure 13. An excerpt of 160 days from the CW when running DRP on seasonal demand without safety stock in the system. 

 

One can say that with varying demand, and with an ability to predict the variation by using the 

forecast, the whole distribution system can benefit from it. Through this, average inventory levels 

can be reduced in all warehouses. This would also explain the low average inventory in the local 

warehouses where they can depend on shipments arriving as planned, thanks to the supplying 

warehouse predicting when in time shipments will be necessary. This coordination between 

warehouses is the reason why safety stock might not be as necessary to the DRP as it is for the ROP. 

 

6.3 SUMMARY 

Putting the DRP and the ROP side by side in terms of average inventory levels, shows the effect of 

information sharing. The lack of available information for supplying warehouses in the ROP system, 

make it possible to say that when changes in demand take place at customer level, the reaction in 

upstream warehouses, CW and RW, is overstocking. This is the consequence from the bullwhip 

effect; overreactions to small changes in demand, which creates a disturbance that propagates through 

the supply chain, only because of the upstream warehouses do not know what is happening at 

customer level. Sharing information results in a controlled and steady flow of parts throughout the 

distribution system. The lack of information sharing results in a system that suffers from the bullwhip 

effect and unnecessarily large quantities in stock throughout the system. The conclusions from the 

analysis are summarized in Table 9 below.  

 
Table 9. Summary of the conclusions from the analysis of ROP and DRP model for even and seasonal demand. 

Summary of the analysis for even and seasonal demand 

Even demand The ROP and the DRP models achieve similar service levels. 

The DRP manages to hold less average inventory in the structure. 

Seasonal demand The DRP model manages to achieve higher fill rate than the ROP model.  

The DRP model manages to hold 60% less average inventory than the 

ROP model.  

The ROP model is exposed to the bullwhip effect.  
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The sensitivity analysis will cover different standard deviations, whether forecast is accurate or not 

and how that affects performance, and if it is possible to mitigate the bullwhip effect in the ROP 

system.  



 

 

 

[61] 

 

7 SENSITIVITY ANALYSIS 
In this chapter, a sensitivity analysis of the ROP model and the DRP model is conducted. To see 

how the models depended on the input data, both even demand and seasonal variation is analyzed, 

where the standard deviation used for creating demand was both smaller and larger than the one used 

for the analysis in Chapter 6. Because lot size and lead times were generated by the authors, the 

impact on both models is studied, with changed lead times and changed lot sizes at the warehouses. 

The sensitivity analyses are the following: 

 

➢ Tests with smaller and larger standard deviation 

➢ Different lot sizes and lead times 

➢ The ROP using forecast 

➢ The ROP using different periods for calculating the moving average 

➢ The DRP being blind to seasonal variations 

 

In the analysis, a central finding was the importance of information sharing. The DRP logic shares 

information on planned orders, while the ROP logic makes decisions based on historical demand. 

This because a supplying warehouse uses the downstream warehouse’s past demand to calculate the 

reorder point. Changing the conditions of the information shared tests the importance of the correct 

information used and shared. Therefore, an analysis is made when the ROP use the customer forecast 

instead of historical demand to determine the reorder point. To investigate the effect of the forecast 

on the DRP, the DRP is run with seasonal demand but with a flat forecast, making the DRP blind to 

the seasonal variation.     

 

7.1 STANDARD DEVIATION  

This chapter will discuss all cases briefly and point out the differences between the two models. These 

differences, and what causes them, are discussed in a summary at the end of the chapter. 

 

When running the simulations for the ROP model and DRP model, a standard deviation of 50 was 

used. To see how the standard deviation affected the performance of the replenishment logics, results 

from standard deviations smaller and larger than the one used previously are tested, for both even 

demand and seasonal variation. The performance of the ROP and DRP, with demand generated for 

the standard deviations 10 and 100, are studied below. To compare the difference with the previously 

analyzed results, the DRP logic is run without safety stock and the ROP logic with the safety stock 

determined for even demand and seasonal variation. Creating demand with small standard deviation 

reduces the uncertainty in demand and increasing the standard deviation increase the uncertainty. 

 

7.1.1 SMALL STANDARD DEVIATION 

In this section, it is discussed how the models perform when the standard deviation is small. 

 

Even demand 

The performance of the ROP and the DRP with standard deviation 10 is presented in Figure 14 

below for even demand.  
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Figure 14. Performance of the ROP and the DRP with standard deviation 10 for even demand. 

With a small standard deviation, the forecast for every day is better than before. This shows in the 

high service levels the models perform, both models being close to 100 % fill rate. Still, the DRP has 

a lower total average inventory, something discussed in the analysis in Chapter 6, and the cause was 

determined to be the shared information, which enables lower inventory levels. Both models achieve 

higher fill rates than ready rates, meaning that when shortage situations occur, the amount lost is very 

small but shortage happen every now and then. 

 

Seasonal variation 

The performance of the ROP and the DRP with standard deviation 10 is presented in Figure 15 

below for seasonal demand.  

 

Comparable fill rate. Less average inventory in the DRP system. 
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Figure 15. Performance of the ROP and the DRP with standard deviation 10 for seasonal demand. 

The small standard deviation in the seasonal demand, further contributes to the benefit of acting on 

the shared information. Despite the small variations in the demand, the ROP is still exposed to the 

bullwhip effect. The DRP achieves fill rates close to 100 %, much like in the case of even demand 

above. The information shared, considering when the projected future orders will be needed, is even 

more accurate now since the forecast is closer to what the actual demand is. The more accurate the 

shared information is, the better the system performs. 

 

7.1.2  LARGE STANDARD DEVIATION 

The large standard deviation was used to create an even demand pattern and a demand pattern with 

seasonal variation. The performance of the models, when running on this more variating demand, 

are studied below. 

 

Even demand 

The performance of the ROP and the DRP with standard deviation 100 is presented in Figure 16 

below for even demand.  

 

Comparable fill rate. The ROP system is exposed to the bullwhip effect. 
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Figure 16. Performance of the ROP and the DRP with standard deviation 100 for even demand. 

Adding the large standard deviation to the average of 100 parts per day makes a big difference. Now, 

both models struggle to cope. The forecast the DRP use is far from what the actual demand is. To 

handle such a large standard deviation, safety stock adjusted for the changes in demand is necessary 

for both models, this because the decrease in service levels are similar for the two. 

 

Seasonal variation 

The performance of the ROP and the DRP with standard deviation 100 is presented in Figure 17 

below for seasonal demand.  

 

Comparable service levels. Less average inventory in the DRP system. 
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Figure 17. Performance of the ROP and the DRP with standard deviation 100 for seasonal variation. 

When running the seasonal demand, the ROP performs better than the DRP in terms of service 

levels. This is because of it using historical data to determine the reorder point which, because of the 

large variation, is raised, and this is the explanation to the better performance. At the local 

warehouses, the average inventory levels are higher than for the DRP, further strengthening the 

hypothesis of a higher reorder point. Still, the bullwhip effect is visible in the system when compared 

to the DRP.  

 

The reason for the poor performance of the DRP towards customers is as stated in the even demand 

with a large standard deviation. The variation has reached a level where the forecast used only make 

it worse. The forecast of the expected mean demand is still true, but the variations around this mean 

are too big for the DRP to handle without a safety stock. This means that the scheduled shipments 

from the supplying warehouses tend to change a lot, because of the inaccuracy of the forecast, making 

shipments jump back and forth in time. 

 

7.1.3 SUMMARY OF THE EFFECTS OF THE STANDARD DEVIATION OF DEMAND 

Despite the different variations, the ROP suffers from the bullwhip effect in all cases of seasonal 

demand, due to the lack of shared information. The small variations help the ROP to achieve higher 

service levels towards customers, but inventory levels at RW and CW remain high in this study, 

contributing to the high average inventory level in the system. 

 

To summarize the outcome of the different demand patterns with small or large variations, it is safe 

to say that with smaller deviations, the forecast in this study is more accurate. For the DRP, this has 

a major impact. As seen in the seasonal demand, comparing the small deviation to the larger one, 

there is a big difference in performance. This difference comes from the quality and accuracy of the 

Higher service levels in the ROP system. The ROP system is exposed 

to the bullwhip effect.  
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forecast, which is the foundation on which the supplying warehouses, RW and CW, schedule their 

orders. Concluding from the larger standard deviation for the DRP is, if the forecast is inaccurate, 

the service levels will decrease, but average inventory levels will remain about the same. To address 

this, safety stock is required to counteract the loss of quality in the shared information, which result 

in less effective synchronization. 

 

7.2 LOT SIZE AND LEAD TIME 

In the analysis, the resulting service levels and inventory levels from the simulations were based on 

fix lead times and fix lot sizes for each warehouse. In this part of the sensitivity analysis, the lead 

times and lot sizes are changed to study the effect of longer and shorter lead times for the local 

warehouses, larger lot size in one of the local warehouses and smaller lot sizes in the central 

warehouse. The analyses are only performed for the seasonal variation.  

 

7.2.1 LARGER LOT SIZE AND LONGER LEAD TIME IN LW1  

This section covers what happens when changes are made in LW1 only, this because the previous 

order quantity might have been too small compared to the peak in the seasonal demand. This might 

have affected the result. In Figure 18, the performance of the ROP model with safety stock and the 

DRP without safety stock is presented, where lead time is changed to four days in LW1.  

 

 
 

 

 
 

Figure 18. Lead time is increased to 4 days for LW1, both in the ROP and DRP model for seasonal demand. 

As seen for the ROP model, the service levels decrease and the warehouse is not able to meet the 

service level target of 95% fill rate. When the stock on hand falls below the reorder point and an 

order is placed with RW, it now takes twice as long for LW1 to receive the order. The longer lead 

time then amplifies the effect of stock on hand being offset to the season. The DRP on the other 

hand, projecting the future orders, plan for when shortage will occur, using the forecast, and projects 

Seasonal demand. Lead time for LW1 is four days.  

Higher service levels and less average inventory for LW1 in the DRP system.  



 

 

 

[67] 

 

planned deliveries to avoid stock out. Despite the DRPs ability to use the forecast, the service levels 

still drop, mostly because of the loss in the ability to rapidly respond to changes in demand. 

 

As can be seen in Figure 19 below, using an order quantity corresponding to the time coverage 

method does not improve the service level as much, despite increasing the average inventory level 

for the ROP. The DRP does not appear to be affected by the changed lot size. 

 

 
 

 

 
 

Figure 19. Lead time is increased to 4 days and Q = 400 for LW1, both in the ROP and DRP model for seasonal demand. 

7.2.2 LONGER LEAD TIMES FOR LW1 AND LW2 

As lead time appears to have an impact on the ROP’s performance, but not the DRP’s performance, 

the change is made for the entire echelon, keeping the original order quantities of 200 and 300 in 

LW1 and LW2. The performance of the models, with a lead time of four days in both LW1 and LW2, 

is shown in Figure 20 below.  

 

Seasonal demand. Lead time is four days and Q=400 for LW1. 

The changed lead time has more effect on performance than the ordering quantity.  
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Figure 20. Lead time is increased to 4 days for LW1 and LW2, both in the ROP and DRP model for seasonal demand. 

With a longer lead time between the local warehouses and the RW, the service levels are not affected 

for the DRP model as they are for the ROP model. The DRP model is still able to plan future orders 

based on when shortage is expected. A reason for why the fill rate has decreased can be that, with 

the longer lead time, more can happen while waiting for delivery. This shows that the safety stock 

should be larger for longer lead times. With longer lead times, the ROP is less flexible. Even though 

longer lead times should make the DRP model less flexible in LW1 and LW2, it is still able to plan 

when orders should be received and through that, manages to avoid larger shortages.   

 

7.2.3 SHORTER LEAD TIMES FOR LW1 AND LW2 

In Figure 21, the performance of the ROP and the DRP with the shortest possible lead time in the 

lowest echelon are presented. As expected, shorter lead times allow more flexibility for LW1 and 

LW2, giving the ROP model a better chance to meet customer demand and achieve high service 

levels. The DRP model is also given the advantage of acting fast with shorter lead times.   

 

Seasonal demand. Lead time is four days for LW1 and LW2. 

Higher service levels and lower average inventory for the DRP system in the LW’s.   
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Figure 21. The ROP model and DRP model with a lead time of one day for LW1 and LW2, seasonal demand. 

Both the ROP model and the DRP model are more flexible when lead time is short. However, as 

shown when the lead time was extended to four days for LW1 and LW2, the ROP is affected 

negatively by long lead times, because of the loss in flexibility and ability to react fast. Despite high 

flexibility with a short lead time, the total average inventory in the system is still very high when 

compared to the total average inventory of the DRP. Shortening the lead times alone does not 

eliminate the bullwhip effect, eliminating the bullwhip effect require that the system act on shared 

information. 

 

7.2.4 SMALLER LOT SIZE IN CW (Q=2000) 

Because the lead time is 60 days, and the lot size is based on a warehouse’s lead time, the lot size ends 

up being very big. To see how the lot size has affected the CW’s performance, the lot size is reduced 

to 2 000, twice the size of the lot size of RW. The result is presented in Figure 22 below.  

 

Seasonal demand. Lead time is one day for LW1 and LW2. 

Higher service levels and higher average inventory in the LW’s for the ROP system. 
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Figure 22. The ROP model and DRP model with Q=2000 in CW, seasonal demand. 

By giving the models smaller lot size in the CW, both the ROP and the DRP decrease the average 

inventory in the central warehouse. The smaller lot size reduces the average inventory held in the 

system for both models, this because most of the inventory is now in transit instead of in a warehouse. 

The ROP suffer more from this since the reorder point is still high, because of the long lead time, 

causing it to place a lot of orders for several periods in a row and then stop for a while, then repeating 

the behavior. The DRP, however, acts on the information shared from the RW and schedules the 

incoming deliveries to prevent shortages, which now works almost like a just in time system, keeping 

the total inventory very low. This again shows that by sharing and acting on shared information, the 

system performs better service levels while minimizing the necessary inventory held in total. 

 

Even though the service levels towards customer seemed unaffected by the changed lot size, the fill 

rate in the DRP decreased, while the ready rate was not affected as much. When the DRP has released 

an order to the supplier, it is not possible to bring the delivery forward. If the RW sends new ordering 

information to the CW, that would cause shortage sooner than planned and there is no time for the 

CW to be able to act on the new information. When the RW gets information that the CW will not 

be able to deliver, the RW will continue to place orders until the delivery is confirmed. Because no 

backorders are allowed, these multiple orders will cause larger shortages at the CW. See Figure 23 

below, for an example when RW places orders five days in a row, causing shortage in the CW, because 

of having no stock on hand. The next delivery from the supplier will only arrive on day six. Because 

the CW has no stock on hand when the RW starts placing orders, the CW gets a shortage of 4 000 

units when the RW’s real demand was only 1 000 units. By measuring shortages every day, as done 

in this study, a shortage of 1 000 units per day four days in a row, this has a negative impact on the 

fill rate which appear to be worse than it might be, this because the original demand was only 1 000 

units. 

Seasonal demand. Q = 2 000 in CW. The average inventory levels are lower for 

both systems, but significantly lower for the DRP system.  
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Figure 23. DRP with shortage in the CW when the lot size is 2000 units. 

By using a smaller lot size in the CW, less average inventory will be held in the structure to the same 

service level towards customers. Sharing information on planned orders upstream in the structure 

will add to the reduction of stock held in the system.  

 

7.2.5 SUMMARY LOT SIZE AND LEAD TIME 

As seen for LW1, when lead time and lot size was increased, the service level was most affected by 

the changed lead times. When testing shorter and longer lead times, it was shown that shorter lead 

times allowed more flexibility. Even though a longer lead time makes the inventory model less 

flexible, the DRP model shows that by planning future orders, the LW’s still manage to avoid 

shortages. With a smaller lot size at the CW, the average inventory was decreased, showing that the 

lot size affects the average inventory levels. Even though the smaller lot size reduced inventory levels 

in the system for both models, sharing information on planned orders allowed for an even larger 

reduction of the average inventory level, without affecting the service level towards customers.  

 

7.3 USING FORECAST OR BEING BLIND TO FORECAST 

While the ROP model use historical data, the DRP model use forecast. In this part of the sensitivity 

analysis, the prerequisite of using historical data to calculate the reorder point is changed for the ROP 

model, while the DRP model is made blind to the seasonal variation. With these analyses, it will be 

possible to determine the importance of the quality and accuracy of the shared information used for 

synchronizing.  

 

7.3.1 ROP USING FORECAST IN LOCAL WAREHOUSES FOR SEASONAL VARIATION 

How the ROP model performs when using the forecast to calculate the reorder point is shown in 

Figure 24 below.  

0

200

400

600

800

1000

1200

1 2 3 4 5 6 7 8 9

Q
u

an
ti

ty

Days

DRP: Shortage situation in the CW - excerpt from 
running on seasonal demand.

Real on hand Shortage RW's demand



 

 

 

[72] 

 

 
 

 

 
Figure 24. The ROP model using forecast in the LW's for seasonal demand. 

Instead of using moving average to calculate the reorder point, the reorder point in LW1 and LW2 

were based on forecasts for seasonal demand. The reorder point in the top echelons still use a moving 

average of 30 days. As seen in Figure 25 below, the reorder point in LW1 is now following the demand 

pattern.  

 

 
Figure 25. LW1 for seasonal demand with safety stock, a period of 160 days. The reorder point is based on forecast. 
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 When using customer forecast and moving average for 30 days, the ROP system 

exceeds service level targets but the bullwhip effect is still apparent.  
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By allowing the ROP to use the forecast in the local warehouses, the ROP acts on and follows the 

seasonal variations in demand. The ROP is avoiding the shortages that occurred in the previous 

simulation for seasonal variation, when the ROP acted too late as the reorder point was offset to the 

demand pattern. As is seen in Figure 24, the service levels increase and exceeds the service level target 

of 95% fill rate in the lowest echelon. Less safety stock is then needed to achieve the service level 

target when the reorder point is based on forecast.  

 

Even though the ROP manages to meet the service level target towards customers, the system still 

overstock in the CW. This can be explained through the lack of forecast in the RW and CW. As there 

is no forecast for the CW, the reorder point calculation is based on moving average for 30 days, 

causing the high average inventory in the central warehouse.  

 

Using moving average when calculating the reorder point in the CW is likely affected by the fact that 

the historical period used is only 30 days. How the length of the period used for moving average 

affects the average inventory levels, and possibly the service level, for all echelons has been studied 

and is presented below. 

 

7.3.2 ROP USING MOVING AVERAGE FOR 15/365 DAYS 

In the ROP model a moving average of 30 days has been used for both even and seasonal demand. 

For seasonal demand the system was exposed to the bullwhip effect. Axsäter (2006) mention that by 

using a moving average of a year reduces the effect on the forecast given by seasonal variation. 

Therefore, the ROP model’s performance with a moving average for a period of 365 days is studied 

for seasonal demand. If using a moving average for a year will reduce effect of the seasonal variation, 

a moving average of less than 30 days should increase the effect of the seasonal variation. This will 

be studied for a moving average of 15 days.    

 

Using moving average over a period of 15 days 

In the Figure 26 below, the ROP’s performance when using a moving average of 15 days in all 

echelons is presented.  
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Figure 26. The ROP model using moving average for a period of 15 days in all echelons for seasonal variation. 

Using 15 days when calculating moving average improves the service levels towards customers 

without increasing the average inventory levels. However, using 15 days instead of 30 days increases 

the system’s average inventory level, and is seen in the top echelon. Thus, using a short period to 

calculate moving average makes the ROP model nervous and enhances the bullwhip effect.  

 

Using moving average over a period of 365 days 

In the Figure 27 below, the ROP’s performance when using a moving average of 365 days in all 

echelons is presented. 

 

 When moving average for 15 days the ROP system exceeds service level targets but 

enhances the bullwhip effect.  
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Figure 27. The ROP model using moving average for a period of 365 days in all echelons for seasonal variation. 

What happens when the ROP uses an average of 365 days when calculating the reorder point, is that 

the reorder point becomes more even and the seasonal variation is less apparent. When the peaks 

and valleys are evened out, the reorder point stays more constant and the inventory levels aren’t 

pushed up. The effect of using 365 days to even out the season is most apparent in the CW, where 

the average inventory is almost cut by half. An illustration of the reorder point and stock on hand in 

the CW is seen in Figure 28 below. The decreased fill rate can be explained by shortages occurring 

when the CW has placed an order, but runs out of stock before the order is delivered. This causes 

the RW to place orders until CW can deliver ordered quantity, resulting in relatively large shortages 

in the CW.  

  

 When using moving average for 365 days the ROP system meets the service level 

target, while mitigating the bullwhip effect.  
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Figure 28. The stock levels in the CW for seasonal demand. Moving average is calculated over a period of 365 days. 

This concludes that using an average over a longer period causes less variation in the reorder point 

over time, making the system less nervous regarding the average inventory levels and in transit. High 

up in the structure, where the lead times are longer, the fill rate is affected by the low inventory levels, 

and the top echelon is more exposed to bigger sized shortages. 

 

Using a longer period for calculating the moving average in the ROP model shows that the average 

inventory levels are reduced in the system, and that the bullwhip effect was mitigated.  

 

7.3.3 DRP MADE BLIND TO SEASONAL VARIATION 

During this study, the DRP has been given optimal conditions, where every period had the expected 

mean as forecast. Such conditions would rarely happen in a real-world scenario and to put the best-

case scenario in perspective, the DRP was run with the seasonal demand but this time, instead of 

using the seasonal forecast, along with an even forecast of 100 parts per day. This made the DRP 

blind to forecast and serves as a worst-case scenario. See the DRP’s performance in Figure 29 below.  
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Figure 29. The DRP model being blind to forecast during seasonal variation. 

The outcome is similar to what the ROP model performs when not having safety stock as buffer. 

Service levels decrease to around 80 % and average inventory levels increase. This suggest that when 

being blind to the seasonal variation, the DRP too stocks up when demand is low by placing orders 

to early. The opposite applies for when demand is high, the DRP places orders too late and suffers 

from shortage situations instead. 

 

Upstream, the average inventory levels increase as well. This indicates that by sharing inaccurate 

information to the supplying warehouses, they will in turn place their orders under the assumption 

that demand will be even. Not being able to see the change in demand until it is faced directly, the 

change happens too late for the supply chain to react. This causes the local warehouses to place 

orders with a large deviation from what was expected in the first place. The regional warehouse and 

the central warehouse might not be prepared for the change when it comes. Since the whole system 

now carries more inventory than before and performing worse service levels, sharing inaccurate 

information reduces the benefit of sharing information. Rising inventory levels indicate that the 

supply chain now show tendencies of or suffering from the bullwhip effect. 

 

To summarize the effect of the quality of the forecast has on the performance of the DRP, this 

simulation run with the DRP was blind to the season combined with the previous result where the 

forecast was very accurate, a conclusion is that the DRP will perform better as the forecast improves. 

Inaccurate forecasts make the supply chain react on the wrong events and by improving the forecast, 

the better the whole supply chain can work as one unit, rather than islands optimizing on their own, 

and make use of the shared information and synchronize accordingly. 

 When the DRP is blind to customer forecast the service levels decrease and the 

average inventory levels increase.  
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7.3.4 SUMMARY 

As seen in the performance for when the ROP logic uses forecast in the local warehouses and the 

DRP is made blind to the seasonal variation, the information shared and used is of importance. When 

the ROP logic uses forecast to calculate the reorder point, and the safety stock dimensioned for when 

using moving average for 30 days, the logic exceeds the service level target of 95% fill rate towards 

customers, but the bullwhip effect is still apparent in the CW. Using moving average for a longer 

period improves the service levels and mitigates the bullwhip effect. Using moving average for a 

shorter period than 30 days resulted in better service levels as well, but increased the average inventory 

in CW. The DRP logic is not able to meet the service level target when made blind to the seasonal 

variation. Even though the ROP in this case was given the advantage of using forecast, it was still 

exposed to the bullwhip effect with high average inventory level in the CW.   

 

7.4 SUMMARY SENSITIVITY ANALYSIS 

Since the models were created by the authors, the validity of the models has been tested in the 

sensitivity analysis. The validity is strengthened by the fact that, despite changing input data and 

running a large number simulations with different variations in the demand as done here, the models 

perform in line with what is expected. This proves the robustness of the created models. 

 

Concluding from the results of the sensitivity analysis, the quality and accuracy of the forecast has a 

large effect on the performance of the DPR. As the accuracy decreases, the shared information 

becomes less reliable which is then used in the supplying warehouses. This means that the benefits 

of synchronizing are weakened. 

 

Another important thing to point out is that even when the ROP uses the forecast like the DRP in 

the local warehouses, the lack of information sharing still results in large average inventory levels in 

RW and CW. This means that sharing and acting based on the information is vital to avoid the effects 

of bullwhip, using an optimal forecast in just one echelon does not help against it. 

 

The conclusions from the sensitivity analysis are also summarized in Table 10 below.  
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Table 10. Summary of the conclusions in the sensitivity analysis. 

Summary sensitivity analysis 

Standard deviation Smaller standard deviation increases the quality of the information shared 

in the DRP system, increases performance. Large standard deviation does 

the complete opposite. 

Lead time Longer lead times reduce flexibility to act quickly when unforeseen 

variations in demand happen. Short lead times increases flexibility. 

Order quantity Smaller lot size in CW is beneficial to the DRP because it allows for keeping 

a steady stream of orders in transit. The ROP cannot handle that and places 

orders in large lumps. 

ROP using forecast Using forecast increases the service levels but does not reduce the bullwhip 

effect. Information sharing and synchronization is essential for that. 

Moving average Longer periods used for calculations reduce the bullwhip effect by evening 

out that seasonal variation. Short periods used result in nervous behavior. 

DRP being blind to 

seasonal demand 

Using the wrong forecast distort the shared information and the effects 

and benefits of synchronizing is reduced. 
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8 DISCUSSION ON IMPACT OF MADE DECISIONS AND FUTURE RESEARCH 
In this chapter, the assumptions and choices made for the simulation of the inventory control models 

are discussed, along with directives, delimitations and future research.  

 

8.1 THE FIXED ORDER QUANTITY, Q 

The fact that the study focused on keeping the parameters as stationary as possible to make fairer 

comparisons might have had a negative impact on the result, a dynamic order quantity may have 

reduced average inventory levels and thereby reduced differences between the models. Arguably, in 

the real world, the Q would be adapted to the current situation in order to perform even better. There 

is no reason why the Q should be as large during times of low demand as during times with high 

demand.  

 

Using a dynamic order quantity might have allowed the DRP to keep even lower stock levels when 

there was no need for ordering a whole quantity, but doing that would make it harder to compare the 

results with the results from the ROP. As the comparison was done with as many parameters kept 

the same as possible, it was easier to identify differences between how the logics work, which would 

have been harder if the order quantity would have been different. 
 

8.2 NOT ALLOWING BACKORDERS 

This limitation was done because of the authors limited knowledge in programming and lack of time. 

What it means is that when shortage occurs, the demand that is lost is lost forever. Had backorders 

been allowed, there would have been larger quantities flowing through the upper echelons, putting 

more pressure on the logic to get parts through the system faster. Allowing backorders would also 

affect the fill rate, as defined in this study. By allowing backorders, the demand between the local 

warehouses and the regional warehouse, as well as between the regional warehouse and the central 

warehouse. The shortages would be smaller, as the RW, for example, wouldn’t place orders several 

days in a row when the CW is not able to deliver, but would only place one order. Thus, the demand 

would only be 1 000 units at the CW, and the total shortage would also be 1 000 units, giving the CW 

a better fill rate.   

 

Furthermore, allowing backorders would affect the shortage costs. If allowing backorders would 

decrease the shortages at the RW and CW, the shortage costs would also decrease. As it was not 

possible to calculate shortage costs in this study, it is not possible to say exactly how the shortage 

costs would be affected through allowing backorder. Adding the functionality of allowing backorders 

would most likely show interesting results but this must be investigated in another study. Allowing 

for backorders would serve more customers but might require more service level measurements, i.e. 

how many customers that were served within two days or similar. Backorders are usually allowed in 

a real supply chain. 
 

8.3 IN TRANSIT  

When comparing the effect of information sharing through stock levels, no regard was taken to the 

orders already shipped and being in transit between the sites in the structure. As the quantity in transit 

affects the total capital tied up in the system it should be considered when analyzing total costs in the 

inventory structure. The focus of this study has been to analyze whether a model can meet customer 

demand by maintaining high service levels without overstocking. Because the ROP system takes the 

stock in transit into account when planning an order, the ROP model is made sure not to overstock, 

unless it is already exposed to the bullwhip effect. The DRP model take orders already placed into 



 

 

 

[81] 

 

consideration when projecting future orders, thus not placing more orders than required to meet 

customer demand. By including the orders in transit when studying the average inventory in the 

system, the stock levels would have been higher than presented in this study. The effect of 

information sharing would, however, most likely be the same.  

 

8.4 ORDER SPLIT WHEN ECHELON TWO WAS UNABLE TO DELIVER ORDERED QUANTITY 

For both the ROP model and the DRP model there were times when both site one and site two had 

placed orders and echelon two did not have enough stock on hand to meet both sites’ demand. The 

solution was for echelon two to split the available quantity evenly between the two sites because both 

sites were exposed to similar demand pattern. If the available quantity had been split based on a site’s 

share of the total demand, there probably would have been a small change in average demand and 

perhaps service level. If that were the case, site one would have received 2/5 of the available quantity 

and site two would have received the rest, i.e. 3/5 of the available quantity.  

 

Had the split been done in a way described above, every time both sites’ demand could not be met, 

one site would be given an advantage because of receiving a larger quantity. At the same time, the 

other site would always perform worse, every time this situation would occur. Given the order 

quantities that the simulations where run on, the difference might have been neglectable but had 

there been a larger difference, i.e. 200 and 400, this would give one site two thirds of the available 

stock, worsening the other sites chances of handling the demand. 

 

A conclusion from this is that if the sites are facing different expected demand, being able to split the 

quantities in a better way than giving them half the quantity each would most likely give both sites 

the same chances of taking care of their respective demand. 

 

8.5 THE POINT IN TIME DURING THE DAY WHEN ON HAND INVENTORY IS MEASURED 

Since on hand stock always is measured at the end of the day, meaning that possible deliveries are 

able to take care of any demand that day, the average on hand inventories are lower than they could 

have been. Measuring at the start of the day, including incoming deliveries, would raise the average 

inventory level considerably. One could measure in the middle of the day, assuming half of the 

demand occurs in the morning and the other half in the afternoon. Another possibility would be to 

measure continuously throughout the day. There are multiple ways to measure, what matters is 

whether it would change when deliveries can be sent and received. The resolution of the measurement 

might be to coarse, given that updating the stock levels only once a day leads to insecurity between 

the inspection intervals. 

 

Measuring at lunchtime and being able to send a shipment earlier, making it arrive for example at 

lunchtime instead of being shipped during the night, could improve the service levels because of 

realizing that the reorder point was tripped in the morning can make a lot of difference. As long as 

shipments are not affected, measuring at different times should make little or no difference on the 

performance of any models, only changing the average inventory levels. 

 

Had shipments been affected though, the ROP model would most likely perform better service levels 

and differences would have been smaller and make the comparison harder. The sensitivity analysis 

however, did show that the ROP suffer from the bullwhip effect in all scenarios tested. The closest 
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comparison is the one where the ROP was using future forecast, but that did not reduce the bullwhip 

effect. Therefore, the comparison between sharing information or not still stands. 

 

8.6 DIFFERENT DEMAND PATTERNS 

In this study, an even demand and seasonal variation were used to compare the two inventory control 

models, showing that the DRP model could achieve higher fill rate than the ROP model, with less 

stock on hand. Due to the restricted time during which the study was performed, no other demand 

pattern was used. What would have been interesting to test is a trend in demand, to see how the DRP 

model would perform compared to the ROP model. With the difference in performance seen for 

seasonal demand the expected outcome for a trend pattern would be similar. Because the DRP model 

has shown indications of being able to maintain higher service levels by planning replenishment based 

on the future, most visible for seasonal variation, the DRP model would be expected to perform 

good results for a trend pattern. The ROP on the other hand has shown signs of being subject to the 

bullwhip effect when demand pattern changes, stocking up high in the structure while not being able 

to meet customer demand at the local warehouses.     
 

8.7 DIRECTIVES 

One of the directives given for this study was constant lead times. Using this directive, the study only 

focused on the uncertainties in demand, something that has affected the results and analysis. Constant 

lead times makes both the ROP and DRP model perform under ideal circumstances, which was the 

aim in the comparison. Using the DRP in a setting with uncertain lead times, it would have been 

possible to investigate the effect of using the safety lead time mentioned in the theoretical framework. 

The use of fixed lead times reduces the uncertainty when the order quantity too is fixed. Allowing 

both these parameters to change would increase uncertainty and would most likely reduce the service 

levels, no matter the replenishment policy tested. 

 

Not allowing transshipments is something which might influence performance. The system in which 

the simulations were run, the lead times where short to the supplying echelon. Had both sites been 

located close to each other and the site in echelon two far away, the need for transshipments would 

have been greater. 

 

Assuming the unlimited supply for echelon one is of course something that might have had effects 

on the outcome. Speaking against that, the logics still had to order in the right time to be able to 

supply its lower echelons. The directive rules out the possibility of receiving quantities not equal to 

the order quantity which could have made the outcome worse. 

 

The directive regarding unlimited storage capacity at the echelons are an interesting subject to discuss. 

The goal of achieving cost-efficiency somewhat makes that directive unnecessary. The large order 

quantity coming in to echelon one is the only place where this would have been a possible problem 

could have been solved by making the order quantity smaller. 

 

Only testing the models on a part level is something that limits the possible conclusions. Being able 

to send multiple parts in the same shipment can be very economical, taking advantage of possible 

economies of scale. Allowing for this could have affected performance but in the case of the DRP, 

pushing parts out to the sites would be handled by postponing other shipments. Future research 

would be to see how the DRP could adapt and manage service levels if the parts could be sent 

together with other parts. 
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Assuming normal distribution in the demand pattern is something that makes it easier to determine 

service levels. Allowing for other kinds of distributions would make it harder to predict, most likely 

having a negative effect on the results. 

 

8.8 FUTURE RESEARCH 

In this study, sharing information through an inventory supply chain has shown some interesting 

results, both in achieving high service levels while holding low average inventory, compared to not 

sharing information. Because this study was made on a time limit, the DRP model, sharing 

information, has been tested under given circumstances, the next step would be to widen the study 

and to generalize the model by putting it in other circumstances. Some of the aspects that would be 

interesting for future research have already been presented previously in this chapter, such as the lot 

size, allowing back orders, different demand patterns and so on.   

 

By exposing the DRP model to real data, not generated data as done in this study, the model would 

reveal the true potential of sharing information on planned orders between echelons. As this study 

was focused on testing data for a Fast mover, the next step would be to expose the system to demand 

for a Medium mover and a Slow Mover, to see if the coordination of replenishment and sharing 

information on planned orders would still maintain the high service levels in a cost-efficient way. In 

addition to this, the next step would be to put the model in an even bigger context, with an even 

more complex inventory structure that would represent the complex supply chains of the IFS 

customers.  

 

Another future study should focus on investigating how large safety stocks should be when put in a 

DRP system. The service level measurements used in this study are designed for statistical models, 

and the DRP works a bit differently. Even though the DRP model manages to achieve high service 

levels without safety stock, through planning ahead and sharing information, it is shown in this study 

that to meet the service level target of 95% towards customer some safety stock might be required. 

The ROP model shows that, by using historical data and not sharing information, safety stock is 

required in the system, in this study placed in the LW’s and the RW. A further research area would 

then be to study where in a multi-echelon structure safety stock is most useful, and to find the 

relationships between lead time, demand variation and number of echelons. 

 

From this discussion, the authors of this study suggest the following areas for future research in given 

order: 

 

➢ Generalizing the model, putting it in other circumstances. 

o Allowing backorders 

o Different demand patterns 

o Using different order quantities  

➢ Widening the structure 

➢ Study the relationship between lead time, demand variation and number of echelons. 

➢ Study where safety stock should be held in a multi-echelon structure.  
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9 CONCLUSION 
The aim of this study was to find out how to manage uncertainties in demand in a multi-echelon 

inventory system. In the literature study performed, the key elements for inventory control in a multi-

echelon environment were found to be information sharing and coordination of replenishment in 

the system.  

 

A solution that made use of shared information was compared against the current solution, based on 

a reorder point with no information sharing, by running simulations in Excel. From this comparison 

between the two models, where one used information sharing and one did not, following conclusions 

were found after analyzing the results. 

 

• Information sharing enables synchronization of the supply chain 

• Synchronization allows for reaching higher service levels with lower inventory levels 

 

Findings suggest that by sharing information, which must be the first step, synchronizing the 

inventory system is possible. It is the synchronization that creates the real benefits, like higher service 

levels and lower inventory levels. However, the quality and accuracy of the shared information was 

found to play an important role. Sharing inaccurate or wrong information increase the risk of the 

system starting to suffer from the bullwhip effect, resulting in higher inventory levels and lower 

service levels. 

 

The contribution to IFS is that there is value in sharing and acting on available information in a multi-

echelon inventory system. Not only is it possible to keep inventory levels low, higher service levels 

are achievable by allowing the system to work as a unit instead of determining the parameters for the 

warehouses separately. 

 

Generalization 

In this study, the effect and possible benefits of sharing information have been analyzed through the 

reorder point model, only using historical data, and the distribution requirements planning policy, 

sharing information on planned orders. By testing the two models with generated demand, lot size 

and lead times, the analysis has been objective and not intended to be applied directly for an IFS 

customer. The important contribution of this study has been to visualize and give an understanding 

to the effects of sharing information, resulting in a theoretical contribution rather than handing over 

a finished solution. With the sensitivity analysis, the models proved to be robust, and the generated 

data added to the reliability of the conclusions. Therefore, the models used in this study can be 

described as applicable in other situations than the ones used for this study.    

   

Ethics and sustainability 

During this study, the authors have considered the ethics used. For example, when interviewing the 

advisors at IFS, the authors have made sure to make accurate quotations and the interviewees have 

been informed on how they are quoted. No quotations have been made without the interviewees 

consent. The authors of this study have made sure to reference the sources used, to be clear on what 

has been said by the authors themselves and what others have said, this to avoid plagiarism.   
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Regarding sustainability this study has been focused on economical sustainability. With the focus on 

the effects of sharing information in a distribution system, using average inventory level as an 

evaluation criterion, the costs of holding stock in an inventory system has been considered. It shows 

that similar service levels are a possibility without having to invest as much money as thought 

necessary, allowing for a slimmer and more effective organization.    

 

The academic contribution 

The contribution to the academic society in this study is showing and breaking down how 

information sharing and synchronizing work together to eliminate the bullwhip effect. It is shown 

how beneficial it is to use this kind of methods in a multi-echelon inventory system. Also, showing 

that the quality and accuracy of the shared information is vital for achieving the full potential of 

synchronization.  
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II. ATTACHMENT – SIMULATION RESULTS ROP  
In this section, the results and outcome from the simulations of the ROP model can be found. 

Differences are displayed as percentages considering stock levels. Differences in service levels are 

shown in percentage points. 

 

EVEN DEMAND 

The input for the run of ROP with no safety stock and even demand is presented in Table 11 below: 

 
Table 11. Input values for the simulation with ROP, no safety stock and even demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 0 0 0 0 

Start quantity 6000 6000 6000 20000 

 

The outcoming result from that simulation is presented in Table 12 below: 

 
Table 12. Outcome of the simulation with ROP, no safety stock and even demand. 

 LW1 LW2 RW CW System 

Fill rate 94,1% 94,9% 95,7% 98,4% 94,5% 

Ready rate 87,5% 90,4% 95,0% 99,7% 88,9% 

Average 

inventory 

113 166 562 7306 8146 

 

The input for the run of ROP with safety stock determined using fill rate and even demand is 

presented in Table 13 below: 

 
Table 13. Input values for the simulation with ROP, with safety stock and even demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 6 2 169 0 

Start quantity 6000 6000 6000 20000 

 
The outcoming result from that simulation is presented in Table 14 below: 
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Table 14. Outcome of the simulation with ROP, with safety stock and even demand. 

 LW1 LW2 RW CW System 

Fill rate 94,5% 94,9% 95,0% 98,0% 94,7% 

Ready rate 88,0% 90,1% 94,6% 99,7% 89,1% 

Average 

inventory 

115 167 540 7339 8161 

 

SEASONAL VARIATION 

The input for the run of ROP with no safety stock and seasonal demand is presented in Table 15 

below: 

 
Table 15. Input values for the simulation with ROP, without safety stock and seasonal demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 0 0 0 0 

Start quantity 6000 6000 6000 20000 

 

The outcoming result from that simulation is presented in Table 16 below: 

 
Table 16. Outcome of the simulation with ROP, no safety stock and seasonal demand. 

 LW1 LW2 RW CW System 

Fill rate 75,0% 78,9% 81,1% 100,0% 76,9% 

Ready rate 74,9% 78,9% 87,5% 100,0% 76,9% 

Average 

inventory 

125 200 775 12843 13943 

 

The input for the run of ROP with safety stock determined using fill rate and even demand is 

presented in Table 17 below: 

 
Table 17. Input variables for the simulation with ROP, with safety stock and seasonal demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 83 134 562 0 

Start quantity 6000 6000 6000 20000 

 

The outcoming result from that simulation is presented in Table 18 below: 
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Table 18. Outcome of the simulation with ROP, with safety stock and seasonal demand. 

 LW1 LW2 RW CW System 

Fill rate 93,5% 94,3% 95,1% 100,0% 93,9% 

Ready rate 88,8% 91,6% 95,3% 100,0% 90,2% 

Average 

inventory 

188 300 1168 13961 15618 
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III. ATTACHMENT – SIMULATION RESULTS DRP  
In this section, the results and outcome from the simulations of the DRP model can be found. 

Differences are displayed as percentages considering stock levels. Differences in service levels are 

shown in percentage points. 

 

EVEN DEMAND 

The input for the run of DRP with no safety stock and even demand is presented in Table 19 below: 

 
Table 19. Input variables for the simulation with DRP, no safety stock and even demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 0 0 0 0 

Start quantity 6000 6000 6000 20000 

 

The outcoming result from that simulation is presented in Table 20 below: 

 
Table 20. Outcome of the simulation with DRP, no safety stock and even demand. 

 LW1 LW2 RW CW System 

Fill rate 94,3% 95,0% 93,8% 99,2% 94,6% 

Ready rate 88,0% 90,5% 93,4% 99,9% 89,3% 

Average 

inventory 

118 171 460 6060 6809 

 

The input for the run of DRP using the safety stock determined using fill rate for ROP and even 

demand is presented in Table 21 below: 

 
Table 21. Input variables for the simulation with DRP, safety stock and even demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 6 2 169 0 

Start quantity 6000 6000 6000 20000 

 
The outcoming result from that simulation is presented in Table 22 below: 
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Table 22. Outcome of the simulation with DRP, safety stock and even demand. 

 LW1 LW2 RW CW System 

Fill rate 95,7% 95,8% 93,5% 98,1% 95,7% 

Ready rate 90,4% 91,7% 93,4% 99,6% 91,1% 

Average 

inventory 

130 178 473 5919 6700 

 

SEASONAL VARIATION 

The input for the run of DRP with no safety stock and seasonal demand is presented in Table 23 

below: 

 
Table 23. Input variables for the simulation with DRP, no safety stock and seasonal demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 0 0 0 0 

Start quantity 6000 6000 6000 20000 

 

The outcoming result from that simulation is presented in Table 24 below: 

 
Table 24. Outcome of the simulation with DRP, no safety stock and seasonal demand. 

 LW1 LW2 RW CW System 

Fill rate 94,7% 95,2% 92,3% 94,9% 95,0% 

Ready rate 87,8% 89,9% 92,5% 98,9% 88,8% 

Average 

inventory 

110 160 444 5670 6384 

 

The input for the run of DRP using the safety stock determined using fill rate for the ROP and 

seasonal demand is presented in Table 25 below: 
 
Table 25. Input variables for the simulation with DRP, safety stock and seasonal demand. 

 LW1 LW2 RW CW 

Lead time 2 3 5 60 

Order quantity 200 300 1000 12000 

Safety stock 83 134 562 0 

Start quantity 6000 6000 6000 20000 

 
The outcoming result from that simulation is presented in Table 26 below: 
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Table 26. Outcome of the simulation with DRP, safety stock and seasonal demand. 

 LW1 LW2 RW CW System 

Fill rate 99,0% 99,5% 97,7% 82,0% 99,2% 

Ready rate 97,4% 99,0% 98,5% 95,4% 98,2% 

Average 

inventory 

184 284 938 5121 6527 
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IV. ATTACHMENT – SIMULATION RESULTS ROP 
 
Table 27. Safety stock calculations for even demand. The parameters used for calculating safety stock that gives 95% fill rate with full supply. 

  LW1 LW2 

Fill rate, FR 0,87 0,89 

Lead time 2 3 

Lot size, Q 200 300 

Standard deviation 50 49 

Safety function 0,3677 0,389 

Safety factor 0,08 0,02 

Safety stock 6 2 
 

Table 28. Safety stock calculations for seasonal variation. The parameters used for calculating safety stock that gives 95% fill rate with full 
supply. 

  LW1 LW2 RW 

Fill rate, FR 0,94 0,97 0,98 

Lead time 2 3 5 

Lot size, Q 200 300 1000 

Standard deviation 72 72 194 

Safety function 0,1179 0,072 0,046 

Safety factor 0,81 1,07 1,295 

Safety stock 83 134 562 

 

 
Table 29. The results from the seasonal variation simulation in the ROP model with safety stock. An excerpt of 160 days, 1000 days into the 
simulation (site one). 

Demand Forecast Reorder point On hand Order receipt Order placed Shortage In transit 

305 200 365 0 50 200 204 200 

85 195 370 115 200 200 0 200 

181 190 380 134 200 200 0 200 

125 185 387 209 200 0 0 200 

160 180 392 249 200 200 0 0 

171 175 398 78 0 200 0 200 

131 170 403 147 200 200 0 200 

186 165 410 161 200 200 0 200 

183 160 414 178 200 200 0 200 

167 155 416 211 200 200 0 200 

128 150 415 283 200 0 0 200 

156 145 412 327 200 200 0 0 

335 140 420 0 0 200 8 200 

101 135 422 99 200 200 0 200 

222 130 426 77 200 200 0 200 

104 125 427 173 200 200 0 200 

224 120 428 149 200 200 0 200 

122 115 430 227 200 200 0 200 



 

 

 

[96] 

 

28 110 422 399 200 0 0 200 

154 105 420 445 200 0 0 0 

158 100 423 287 0 200 0 0 

82 95 421 205 0 200 0 200 

104 90 414 301 200 0 0 200 

71 85 410 430 200 0 0 0 

56 80 402 374 0 200 0 0 

148 75 397 226 0 0 0 200 

124 70 391 302 200 200 0 0 

83 65 379 219 0 0 0 200 

7 60 367 412 200 0 0 0 

37 55 359 375 0 0 0 0 

82 50 344 293 0 200 0 0 

31 45 340 262 0 0 0 200 

76 40 333 386 200 0 0 0 

131 35 334 255 0 200 0 0 

0 30 323 255 0 0 0 200 

0 25 312 455 200 0 0 0 

0 20 303 455 0 0 0 0 

34 15 293 421 0 0 0 0 

99 10 287 322 0 0 0 0 

89 5 282 233 0 200 0 0 

60 0 278 173 0 0 0 200 

0 5 267 373 200 0 0 0 

68 10 249 305 0 0 0 0 

14 15 244 291 0 0 0 0 

70 20 233 221 0 200 0 0 

0 25 226 221 0 0 0 200 

75 30 217 346 200 0 0 0 

19 35 210 327 0 0 0 0 

0 40 208 327 0 0 0 0 

21 45 199 306 0 0 0 0 

108 50 196 198 0 0 0 0 

38 55 193 160 0 200 0 0 

0 60 186 160 0 0 0 200 

121 65 189 239 200 0 0 0 

0 70 185 239 0 0 0 0 

89 75 181 150 0 200 0 0 

0 80 173 150 0 0 0 200 

113 85 175 237 200 0 0 0 

152 90 185 85 0 200 0 0 

34 95 185 51 0 0 0 200 

127 100 188 124 200 200 0 0 

115 105 193 9 0 0 0 200 

109 110 195 100 200 200 0 0 

109 115 194 0 0 0 9 200 

59 120 198 141 200 200 0 0 

95 125 204 46 0 0 0 200 

89 130 210 157 200 200 0 0 

104 135 215 53 0 0 0 200 

172 140 220 81 200 150 0 0 
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159 145 224 0 0 200 78 150 

124 150 229 26 150 200 0 200 

144 155 238 82 200 0 0 200 

154 160 244 128 200 150 0 0 

196 165 256 0 0 200 68 150 

113 170 259 37 150 200 0 200 

192 175 272 45 200 150 0 200 

241 180 283 4 200 200 0 150 

209 185 295 0 150 200 55 200 

212 190 310 0 200 0 12 200 

181 195 320 19 200 200 0 0 

213 200 327 0 0 200 194 200 

177 195 337 23 200 200 0 200 

148 190 346 75 200 200 0 200 

178 185 350 97 200 150 0 200 

122 180 358 175 200 200 0 150 

94 175 359 231 150 0 0 200 

92 170 365 339 200 200 0 0 

102 165 364 237 0 0 0 200 

136 160 363 301 200 200 0 0 

181 155 373 120 0 200 0 200 

212 150 378 108 200 200 0 200 

157 145 381 151 200 200 0 200 

72 140 379 279 200 0 0 200 

280 135 390 199 200 200 0 0 

207 130 400 0 0 200 8 200 

74 125 399 126 200 200 0 200 

100 120 399 226 200 0 0 200 

117 115 400 309 200 200 0 0 

119 110 397 190 0 200 0 200 

130 105 395 260 200 0 0 200 

238 100 402 222 200 200 0 0 

73 95 398 149 0 200 0 200 

0 90 387 349 200 0 0 200 

84 85 380 465 200 0 0 0 

0 80 372 465 0 0 0 0 

98 75 366 367 0 0 0 0 

88 70 356 279 0 200 0 0 

47 65 345 232 0 0 0 200 

0 60 331 432 200 0 0 0 

53 55 322 379 0 0 0 0 

39 50 311 340 0 0 0 0 

33 45 301 307 0 0 0 0 

85 40 297 222 0 200 0 0 

36 35 288 186 0 0 0 200 

110 30 287 276 200 200 0 0 

165 25 292 111 0 0 0 200 

114 20 293 197 200 200 0 0 

9 15 287 188 0 0 0 200 

0 10 278 388 200 0 0 0 

2 5 266 386 0 0 0 0 
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0 0 252 386 0 0 0 0 

55 5 245 331 0 0 0 0 

0 10 240 331 0 0 0 0 

39 15 224 292 0 0 0 0 

33 20 212 259 0 0 0 0 

107 25 215 152 0 200 0 0 

26 30 210 126 0 0 0 200 

27 35 204 299 200 0 0 0 

0 40 196 299 0 0 0 0 

0 45 187 299 0 0 0 0 

3 50 171 296 0 0 0 0 

9 55 167 287 0 0 0 0 

24 60 169 263 0 0 0 0 

53 65 167 210 0 0 0 0 

105 70 174 105 0 200 0 0 

55 75 171 50 0 0 0 200 

140 80 174 110 200 200 0 0 

50 85 174 60 0 0 0 200 

156 90 185 104 200 200 0 0 

79 95 187 25 0 0 0 200 

68 100 189 157 200 200 0 0 

56 105 190 101 0 0 0 200 

59 110 188 242 200 0 0 0 

161 115 197 81 0 200 0 0 

104 120 196 0 0 0 23 200 

95 125 192 105 200 200 0 0 

134 130 193 0 0 0 29 200 

111 135 200 89 200 100 0 0 

113 140 207 0 0 200 24 100 

219 145 222 0 100 200 119 200 

215 150 236 0 200 200 15 200 

48 155 236 152 200 0 0 200 

212 160 250 140 200 200 0 0 

231 165 263 0 0 200 91 200 

201 170 274 0 200 150 1 200 

204 175 280 0 200 200 4 150 

86 180 284 64 150 200 0 200 

226 185 297 38 200 150 0 200 

155 190 308 83 200 200 0 150 

144 195 317 89 150 200 0 200 
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V. ATTACHMENT - SIMULATION RESULT OF 160 DAYS, STARTING AFTER 1000 
DAYS – DRP 

 
Table 30. An excerpt from site one during seasonal demand in a DRP simulation, starting at day 1001, ending 1160. 

Demand Forecast Planned order 

receipt 

Planned 

order 

release 

Projected on 

hand 

Actual on 

hand 

Shortage 

305 200 200 200 0 0 17 

85 195 200 200 115 115 0 

181 190 200 200 134 134 0 

125 185 200 200 209 209 0 

160 180 200 0 249 249 0 

171 175 200 200 278 278 0 

131 170 0 200 147 147 0 

186 165 150 200 111 111 0 

183 160 200 0 128 128 0 

167 155 200 200 161 161 0 

128 150 0 200 33 33 0 

156 145 200 0 77 77 0 

335 140 200 200 0 0 58 

101 135 0 200 0 0 101 

222 130 200 200 0 0 22 

104 125 200 0 96 96 0 

224 120 200 200 72 72 0 

122 115 0 200 0 0 50 

28 110 200 0 172 172 0 

154 105 200 0 218 218 0 

158 100 0 200 60 60 0 

82 95 0 200 0 0 22 

104 90 200 0 96 96 0 

71 85 200 0 225 225 0 

56 80 0 0 169 169 0 

148 75 0 200 21 21 0 

124 70 0 200 0 0 103 

83 65 0 0 0 0 83 

7 60 200 0 193 193 0 

37 55 0 0 156 156 0 

82 50 0 200 74 74 0 

31 45 0 0 43 43 0 

76 40 200 0 167 167 0 

131 35 0 200 36 36 0 

0 30 0 0 36 36 0 
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0 25 150 0 186 186 0 

0 20 0 0 186 186 0 

34 15 0 0 152 152 0 

99 10 0 0 53 53 0 

89 5 0 200 0 0 36 

60 0 0 200 0 0 60 

0 5 0 200 0 0 0 

68 10 0 200 0 0 68 

14 15 0 0 0 0 14 

70 20 200 0 130 130 0 

0 25 0 0 130 130 0 

75 30 0 200 55 55 0 

19 35 0 0 36 36 0 

0 40 200 0 236 236 0 

21 45 0 0 215 215 0 

108 50 0 200 107 107 0 

38 55 0 0 69 69 0 

0 60 200 0 269 269 0 

121 65 0 0 148 148 0 

0 70 0 200 148 148 0 

89 75 0 0 59 59 0 

0 80 200 0 259 259 0 

113 85 0 200 146 146 0 

152 90 0 0 0 0 6 

34 95 200 200 166 166 0 

127 100 0 0 39 39 0 

115 105 200 200 124 124 0 

109 110 0 200 15 15 0 

109 115 200 200 106 106 0 

59 120 100 0 147 147 0 

95 125 200 200 252 252 0 

89 130 0 0 163 163 0 

104 135 200 200 259 259 0 

172 140 0 200 87 87 0 

159 145 200 0 128 128 0 

124 150 200 200 204 204 0 

144 155 0 200 60 60 0 

154 160 200 200 106 106 0 

196 165 200 200 110 110 0 

113 170 200 200 197 197 0 

192 175 200 0 205 205 0 

241 180 200 200 164 164 0 
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209 185 0 200 0 0 45 

212 190 200 200 0 0 12 

181 195 200 200 19 19 0 

213 200 200 200 6 6 0 

177 195 200 200 29 29 0 

148 190 200 200 81 81 0 

178 185 200 200 103 103 0 

122 180 200 200 181 181 0 

94 175 150 0 237 237 0 

92 170 200 200 345 345 0 

102 165 0 0 243 243 0 

136 160 200 200 307 307 0 

181 155 0 0 126 126 0 

212 150 200 200 114 114 0 

157 145 0 200 0 0 43 

72 140 200 200 128 128 0 

280 135 200 200 48 48 0 

207 130 200 200 41 41 0 

74 125 200 200 167 167 0 

100 120 50 0 117 117 0 

117 115 200 200 200 200 0 

119 110 0 0 81 81 0 

130 105 200 200 151 151 0 

238 100 0 0 0 0 87 

73 95 200 200 127 127 0 

0 90 0 0 127 127 0 

84 85 200 0 243 243 0 

0 80 0 0 243 243 0 

98 75 0 0 145 145 0 

88 70 0 200 57 57 0 

47 65 0 0 10 10 0 

0 60 200 0 210 210 0 

53 55 0 0 157 157 0 

39 50 0 0 118 118 0 

33 45 0 200 85 85 0 

85 40 0 0 0 0 0 

36 35 200 0 164 164 0 

110 30 0 0 54 54 0 

165 25 0 200 0 0 111 

114 20 0 0 0 0 114 

9 15 200 0 191 191 0 

0 10 0 0 191 191 0 
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2 5 0 0 189 189 0 

0 0 0 0 189 189 0 

55 5 0 0 134 134 0 

0 10 0 0 134 134 0 

39 15 0 0 95 95 0 

33 20 0 0 62 62 0 

107 25 0 200 0 0 45 

26 30 0 0 0 0 26 

27 35 200 0 173 173 0 

0 40 0 0 173 173 0 

0 45 0 0 173 173 0 

3 50 0 0 170 170 0 

9 55 0 200 161 161 0 

24 60 0 0 137 137 0 

53 65 200 0 284 284 0 

105 70 0 0 179 179 0 

55 75 0 200 124 124 0 

140 80 0 0 0 0 16 

50 85 200 200 150 150 0 

156 90 0 0 0 0 6 

79 95 200 200 121 121 0 

68 100 0 0 53 53 0 

56 105 200 200 197 197 0 

59 110 0 0 138 138 0 

161 115 200 200 177 177 0 

104 120 0 0 73 73 0 

95 125 200 200 178 178 0 

134 130 0 200 44 44 0 

111 135 200 0 133 133 0 

113 140 200 200 220 220 0 

219 145 0 200 1 1 0 

215 150 200 200 0 0 14 

48 155 200 200 152 152 0 

212 160 200 0 140 140 0 

231 165 200 200 109 109 0 

201 170 0 200 0 0 92 

204 175 200 200 0 0 4 

86 180 200 200 114 114 0 

226 185 200 200 88 88 0 

155 190 200 200 133 133 0 

144 195 200 200 189 189 0 

  



 

 

 

[103] 

 

VI. ATTACHMENT – EXPLAINING THE DRP LOGIC 
In this attachment, the DRP method used in this study will be explained through a few simple steps, 

as a guide to understanding the logic behind the simulation. The guide covers three steps performed 

in LW1; initiation of basic values required by the DRP, planning future orders in period 1 and 

planning future orders in period 2.   

 

Step 0 – Initiating values 

In this step, the values in Table 31 were added to the logic. The lot size of 200 units, lead time of two 

days and no safety stock are the same as in the simulations for LW1. The start value was chosen to 

be 400 units.  

 
Table 31. Start values used in the DRP simulations, with a start value specific for the DRP guide. 

Q Start value Lead time Safety stock 

200 400 2 0 

 

Step 1 – Period 1 

As seen in Table 32 below, the projected on hand for period 1 was 300 units, as the start value was 

400 and the forecast 100 units. Because the actual demand was 193 units, the DRP calculated the 

actual on hand to be less than the projected on hand.  

 
Table 32. The DRP logic for even demand in period 1. Planning order receipt in period 4 and order placement in period 2. 

Period Forecast Demand 
Order 
receipt 

Order 
placed 

Projected 
on hand 

Actual 
on hand 

Shortage 

1 100 193   300 207 0 

2 100   (200)1 107  0 

3 100    7  0 

4 100  (200)1  -93  0 

5 100    -193  0 

6 100    -293  (93) 

7 100    -393  (193) 

8 100    -493  (293) 

9 100    -593  (393) 

10 100    -693  (493) 

 

In this first step, the DRP projects the on-hand quantity for the upcoming periods based on the actual 

on hand quantity for period 1. When projecting the on hand, the DRP realizes that shortage will 

occur in period 4 and that an order is required in that period, because the projected on hand quantity 

of 7 in period 3 will not be enough to cover the forecasted demand of 100 in period 4. Therefore, 

the DRP plans for a delivery in period 4, while noting that the order must be released in period 2. In 

Table 33 below, the order receipt has been registered and the projected on hand for period 4 is 

updated with the receipt minus the forecasted demand.  
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Table 33. The DRP logic for even demand in period 1. Planning order receipt in period 6 and order placement in period 4. 

Period Forecast Demand 
Order 
receipt 

Order 
placed 

Projected 
on hand 

Actual 
on hand 

Shortage 

1 100 193   300 207 0 

2 100   (200)1 107  0 

3 100    7  0 

4 100  (200)1 (200)2 107  0 

5 100    7  0 

6 100  (200)2  -93  (93) 

7 100    -193  (193) 

8 100    -293  (293) 

9 100    -393  (393) 

10 100    -493  (493) 

 

By planning an order to arrive in period 4, the DRP projects that unless a second order is received in 

period 6, shortage will occur. Therefore, the DRP plans for a second order to be received in this 

period, and that the order must be released in period 4. In Table 34 below the order receipt and order 

placement for the second order has been registered. With an order receipt planned for period 6, the 

DRP projects that shortage will occur in period 8 and in order to receive the order in period 8, the 

order must be released in period 6.     

 
Table 34. The DRP logic for even demand in period 1. Planning order receipt in period 8 and order placement in period 6. 

Period Forecast Demand 
Order 
receipt 

Order 
placed 

Projected 
on hand 

Actual 
on hand 

Shortage 

1 100 193   300 207 0 

2 100   (200)1 107  0 

3 100    7  0 

4 100  (200)1 (200)2 107  0 

5 100    7  0 

6 100  (200)2 (200)3 107  0 

7 100    7  0 

8 100  (200)3  -93  (93) 

9 100    -193  (193) 

10 100    -293  (293) 

 

The same procedure is repeated, as seen in Table 35 below, where the DRP now projects that 

shortage will occur in period 10. To receive the order on time, it must be released in period 8.  
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Table 35. The DRP logic for even demand in period 1. Planning order receipt in period 10 and order placement in period 8. 

Period Forecast Demand 
Order 
receipt 

Order 
placed 

Projected 
on hand 

Actual 
on hand 

Shortage 

1 100 193   300 207 0 

2 100   (200)1 107  0 

3 100    7  0 

4 100  (200)1 (200)2 107  0 

5 100    7  0 

6 100  (200)2 (200)3 107  0 

7 100    7  0 

8 100  (200)3 (200)4 107  0 

9 100    7  0 

10 100  (200)4  -93  (93) 

 

By projecting the on hand quantity for the 10 periods, used in this guide, the DRP has been able to 

predict when shortage will occur. Before moving on to the next period, the LW1 shares the planned 

order information with the RW. 

 

Step 2 – Moving to period 2 

When moving on to period 2, the DRP logic updates the projected on hand from period 1 with the 

actual on hand for the same period. As seen in Table 36 below, the demand for period 2 is less than 

the forecast of 100 units. This causes the actual on hand to be higher than expected.  

 
Table 36. The DRP logic for even demand in period 2. Projecting new on hand for the planning horizon. 

Period Forecast Demand 
Order 

receipt 

Order 

placed 

Projected 

on hand 

Actual on 

hand 
Shortage 

1 100 193   207 207 0 

2 100 25  2001 107 182 0 

3 100    82  0 

4 100  2001 (200)2 182  0 

5 100    82  0 

6 100  (200)2 (200)3 182  0 

7 100    82  0 

8 100  (200)3 (200)4 182  0 

9 100    82  0 

10 100  (200)4  182  0 

  

With the actual on hand for period 2 the DRP updates the projected on hand for period 3 and 

onward. Shortages are still expected in period 4, 6, 8 and 10. For the order required to be received in 
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period 4, the order is now released to the RW. In this case, the RW could send the delivery when 

requested. Had the RW not been able to deliver full quantity, the order receipt in period 4 would be 

updated with the available quantity.  

 

If the demand in the upcoming periods would be large, causing the projected on hand to identify a 

shortage sooner than originally planned, the DRP would reschedule a planned order to be received 

sooner. The opposite would happen if the demand in the upcoming periods would be very small, like 

the demand in period 2. The DRP would then try to postpone a delivery till the period when shortage 

is expected. However, if an order has been released, it is not possible for the DRP to either bring the 

order receipt forward or postpone it.   
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VII. ATTACHMENT – SIMULATION RESULTS FOR THE SENSITIVITY ANALYSIS – 
DRP 

 
Table 37. DRP running with even demand, small standard variation. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 99,4% 99,6% 96,9% 97,5% 99,5% 

Ready rate 95,7% 96,9% 96,5% 99,5% 96,3% 

Average inv. 96 145 440 5469 6150 

 
Table 38. DRP running with even demand, large standard variation. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 84,5% 87,1% 90,8% 99,6% 85,8% 

Ready rate 79,5% 84,4% 91,4% 99,9% 81,9% 

Average inv. 123 184 455 6345 7107 

 
Table 39. DRP running with seasonal demand, small standard deviation. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 99,5% 99,7% 97,2% 95,9% 99,6% 

Ready rate 96,9% 98,0% 96,9% 99,1% 97,4% 

Average inv. 100 149 443 5435 6127 

 
Table 40. DRP running with seasonal demand, large standard deviation. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 84,5% 87,5% 87,9% 94,7% 86,0% 

Ready rate 78,1% 83,2% 89,1% 98,9% 80,7% 

Average inv. 120 171 443 5827 6561 
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Table 41. DRP running with a flat forecast on the seasonal demand. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 77,2% 81,0% 83,6% 99,6% 79,1% 

Ready rate 76,1% 79,8% 87,2% 99,9% 78,0% 

Average inv. 142 205 579 7584 8510 

 
Table 42. Site one having Q=400 instead of 200. Seasonal demand, no safety stock. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 400 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 96,2% 94,8% 89,5% 91,3% 95,5% 

Ready rate 92,1% 89,8% 91,8% 98,1% 90,9% 

Average inv. 202 162 463 5501 6328 

 
Table 43. Site one having Q = 400 and lead time = 4. Seasonal demand. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 4 3 5 60  

Order quantity 400 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 95,2% 95,2% 90,0% 92,3% 95,2% 

Ready rate 90,2% 90,4% 92,2% 98,3% 90,3% 

Average inv. 206 163 469 5579 6417 

  
Table 44. Both sites in echelon three are given lead time = 4. Seasonal demand. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 4 4 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 93,5% 94,8% 93,3% 95,8% 94,1% 

Ready rate 85,9% 89,7% 93,2% 99,1% 87,8% 

Average inv. 118 165 445 5693 6421 

 
Table 45. DRP running with lead time = 1 in echelon 3. Seasonal demand. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 1 1 5 60  

Order quantity 200 300 1000 12000  

SS 0 0 0 0 
 

Fill rate 94,9% 97,1% 89,0% 91,1% 96,0% 

Ready rate 88,6% 93,1% 89,6% 98,0% 90,9% 

Average inv. 105 155 419 5482 6161 
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Table 46. DRP running with echelon 1 having Q = 2000 instead of 12000. Seasonal demand. All other parameters are the same. 

 
LW1 LW2 RW CW System 

Lead time 2 3 5 60  

Order quantity 200 300 1000 2000  

SS 0 0 0 0 
 

Fill rate 94,0% 94,6% 89,4% 81,0% 94,3% 

Ready rate 86,4% 89,4% 90,4% 95,4% 87,9% 

Average inv. 107 158 427 732 1424 
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VIII. ATTACHMENT – SIMULATION RESULTS ROP SENSITIVITY ANALYSIS 
In this attachment, the resulting tables for the sensitivity analysis of the ROP model are presented.  

 

 
Table 47. ROP with seasonal demand with safety stock. Moving average of 365 days in all echelons instead of 30. 

 LW1 LW2 RW CW System 

Moving average 365 365 365 365  

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 95,8% 95,6% 96,3% 87,1% 95,7% 

Ready rate 91,5% 93,5% 96,8% 97,0% 92,5% 

Average inventory level 190 296 1071 7743 9300 

 

 
Table 48. ROP with seasonal demand with safety stock. Moving average of 15 days in all echelons, instead of 30 days. 

 LW1 LW2 RW CW System 

Moving average 15 15 15 15  

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 97,7% 98,1% 98,7% 100,0% 97,9% 

Ready rate 94,0% 96,1% 98,5% 100,0% 95,1% 

Average inventory level 179 293 1118 17463 19053 

 

 
Table 49. ROP without safety stock for even demand, small standard deviation. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 0 0 0 0 - 

Fill rate 99,7% 99,7% 97,5% 100,0% 99,70% 

Ready rate 96,8% 97,2% 95,1% 100,0% 96,99% 

Average inventory level 96 147 514 6463 7220 
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Table 50. ROP without safety stock for even demand, large standard deviation. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 0 0 0 0 - 

Fill rate 83,8% 86,7% 93,1% 96,6% 85,3% 

Ready rate 79,0% 83,7% 93,6% 99,4% 81,4% 

Average inventory level 122 180 625 7452 8380 

 

 
Table 51. ROP without safety stock for seasonal demand, small standard deviation All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 0 0 0 0 - 

Fill rate 75,8% 78,6% 79,7% 100,0% 77,2% 

Ready rate 77,0% 78,2% 86,7% 100,0% 77,6% 

Average inventory level 124 199 866 13067 14255 

 

 
Table 52. ROP without safety stock for seasonal demand, large standard deviation. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 0 0 0 0 - 

Fill rate 73,8% 78,1% 83,8% 99,8% 76,0% 

Ready rate 73,7% 79,3% 88,9% 99,96% 76,5% 

Average inventory level 131 205 714 10844 11894 
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Table 53. ROP with safety stock for seasonal variation. The reorder point uses forecast for site 1 and 2. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 97,9% 99,6% 95,3% 100,0% 98,8% 

Ready rate 95,2% 99,1% 95,5% 100,0% 97,1% 

Average inventory level 161 267 1146 13417 14991 

 

 
Table 54. ROP with safety stock for seasonal variation. The reorder point uses forecast in site 1 and 2, moving average for 365 days in top 
echelons. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 98,1% 99,5% 96,0% 89,3% 98,8% 

Ready rate 95,3% 98,8% 96,3% 97,5% 97,1% 

Average inventory level 164 269 1071 7467 8972 

 

 
Table 55.  Site one having Q=400 instead of 200. Seasonal demand, ROP with safety stock. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 400 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 95,7% 94,4% 93,3% 100,0% 95,1% 

Ready rate 93,0% 92,0% 95,1% 100,0% 92,5% 

Average inventory level 285 303 1221 13771 15579 
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Table 56. Site one having Q=400 and Lead time = 4. Seasonal demand, ROP with safety stock. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 4 3 5 60 - 

Ordering quantity 400 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 87,9% 94,5% 94,6% 100,0% 91,2% 

Ready rate 86,9% 91,8% 95,9% 100,0% 89,3% 

Average inventory level 330 302 1203 14580 16415 

 

 

 
Table 57. Both site 1 and 2 having lead time = 4. Seasonal demand, ROP with safety stock. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 4 4 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 85,5% 91,1% 96,3% 100,0% 88,3% 

Ready rate 82,7% 88,8% 96,3% 100,0% 85,8% 

Average inventory level 242 327 1202 14032 15802 

 
Table 58. Both site 1 and 2 having lead time = 1. Seasonal demand, ROP with safety stock. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 1 1 5 60 - 

Ordering quantity 200 300 1000 12000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 96,6% 99,6% 94,5% 100,0% 98,1% 

Ready rate 93,6% 99,1% 95,0% 100,0% 96,4% 

Average inventory level 172 281 1168 14061 15682 

 

 

 

 

 

 

 

 

 

 



 

 

 

[114] 

 

Table 59. Top echelon having Q=2000. Seasonal demand, ROP with safety stock. All other parameters are the same. 

 LW1 LW2 RW CW System 

Lead time 2 3 5 60 - 

Ordering quantity 200 300 1000 2000 - 

Start stock on hand 6000 6000 6000 20000 - 

Safety stock 83 134 562 0 - 

Fill rate 93,5% 94,3% 95,1% 100,0% 93,9% 

Ready rate 88,8% 91,6% 95,3% 100,0% 90,2% 

Average inventory level 188 300 1168 8971 10627 
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IX. ATTACHMENT – THE VBA CODE FOR THE ROP MODEL 
Here the code for the ROP model is shown. With this code, it should be possible to recreate the 

Excel spreadsheet used for the ROP simulations. Note that in the code the local warehouses are 

referred to as Site 1 and Site 2 in Echelon 1, the regional warehouse is referred to as Echelon 2 and 

the central warehouse is referred to as Echelon 3.  

 

 

Sub ROP() 

 

'Ledtider 

Dim Leadtime1 As Integer 'Site 1 echelon 1 

Dim Leadtime2 As Integer 'Site 2 echelon 1 

Dim Leadtime3 As Integer 'Echelon 2 

Dim Leadtime4 As Integer 'Echelon 3 

 

'EOQ (Q) och startvärde (S_Q) 

Dim Q1 As Integer 'Site 1 echelon 1 

Dim S_Q1 As Integer 'Site 1 echelon 1 

Dim Q2 As Integer 'Site 2 echelon 2 

Dim S_Q2 As Integer 'Site 2 echelon 2 

Dim Q3 As Integer 'Echelon 2 

Dim S_Q3 As Integer 'Echelon 2 

Dim Q4 As Integer 'Echelon 3 

Dim S_Q4 As Integer 'Echelon 3 

 

'Safety stock 

Dim SS1 As Integer 'Site 1 echelon 1 

Dim SS2 As Integer 'Site 2 echelon 2 

Dim SS3 As Integer 'Echelon 2 

Dim SS4 As Integer 'Echelon 3 

 

'Efterfrågan under ledtiden 

Dim D1 As Integer 'Site 1 echelon 1 

Dim D2 As Integer 'Site 2 echelon 2 

Dim D3 As Integer 'Echelon 2 

Dim D4 As Integer 'Echelon 3 

 

'----- VARIABLER FÅR VÄRDEN ------------- 

 

Leadtime1 = Range("D2") 'Site 1 Echelon 1 

Q1 = Range("D3") 

SS1 = Range("D4") 

S_Q1 = Range("D5") 

 

 

Leadtime2 = Range("L2") 'Site 2 Echelon 1 
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Q2 = Range("L3") 

SS2 = Range("L4") 

S_Q2 = Range("L5") 

 

 

Leadtime3 = Range("U2") 'Echelon 2 

Q3 = Range("U3") 

SS3 = Range("U4") 

S_Q3 = Range("U5") 

 

 

Leadtime4 = Range("AD2") 'Echelon 3 

Q4 = Range("AD3") 

SS4 = Range("AD4") 

S_Q4 = Range("AD5") 

 

'--------------------------------------------- 

 

'Fylla i värden för första ledtiden i echelon 1 

 

Range("N10").Select 

     

    'Onhand uppdateras 

         

        'On hand site 1 period 1 

        ActiveCell.Offset(0, -8).Value = S_Q1 - 

ActiveCell.Offset(0, -11).Value + ActiveCell.Offset(0, -7).Value 

 

        'On hand site 2 period 1 

        ActiveCell.Value = S_Q2 - ActiveCell.Offset(0, -3).Value 

+ ActiveCell.Offset(0, 1).Value 

 

 

 

'-----Fylla i värden för första ledtiden i echelon 2 

 

Range("W10").Select 

 

    'Onhand period 1 

    ActiveCell.Value = S_Q3 - ActiveCell.Offset(0, -3).Value + 

ActiveCell.Offset(0, 1).Value 

 

 

'-----Fylla i värden för första ledtiden i echelon 3 

 

Range("AF10").Select 
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    'Onhand period 1 

    ActiveCell.Value = S_Q4 - ActiveCell.Offset(0, -3).Value + 

ActiveCell.Offset(0, 1).Value 

 

 

 

'---------Orderpunkten i första perioden----------- 

 

'Echelon 1 Site 1 

Range("N10").Select 

 

    'Echelon 1 Site 1 Order point 

    ActiveCell.Offset(0, -9).Value = SS1 + 

Application.Sum(Range(ActiveCell.Offset(0, -10), 

ActiveCell.Offset(Leadtime1 - 1, -10))) 

 

    'Echelon 1 Site 2 Order point 

    ActiveCell.Offset(0, -1).Value = SS2 + 

Application.Sum(Range(ActiveCell.Offset(0, -2), 

ActiveCell.Offset(Leadtime2 - 1, -2))) 

 

    'Echelon 2 Order point 

    ActiveCell.Offset(0, 8).Value = SS3 + 

Application.Sum(Range(ActiveCell.Offset(0, 7), 

ActiveCell.Offset(Leadtime3 - 1, 7))) 

 

    'Echelon 3 Order point 

    ActiveCell.Offset(0, 17).Value = SS4 + 

Application.Sum(Range(ActiveCell.Offset(0, 16), 

ActiveCell.Offset(Leadtime4 - 1, 16))) 

 

 

'------- Härifrån beräknas samtliga perioder --------- 

 

Range("N11").Select 

 

For i = 1 To 10000 

 

 

'--------- Site 1 Echelon 1 ------------ 

     

    'Echelon 1 Site 1 Order point 
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    D1 = 

Application.WorksheetFunction.Sum(Range(ActiveCell.Offset(0, -

10), ActiveCell.Offset(Leadtime1 - 1, -10))) 

     

    ActiveCell.Offset(0, -9).Value = SS1 + D1 

     

    'On hand uppdateras 

    If ActiveCell.Offset(-1, -8).Value - ActiveCell.Offset(0, -

11).Value + ActiveCell.Offset(0, -7).Value < 0 Then 

     

        ActiveCell.Offset(0, -8).Value = 0 

     

    Else 

     

        ActiveCell.Offset(0, -8).Value = ActiveCell.Offset(-1, -

8).Value - ActiveCell.Offset(0, -11).Value + 

ActiveCell.Offset(0, -7).Value 

     

    End If 

     

    'Order placed uppdateras 

    If ActiveCell.Offset(0, -8).Value <= ActiveCell.Offset(0, -

9).Value Then 

         

        'Om order redan lagts inom ledtiden kommer snart order 

att levereras, lägg därför ingen ny order 

        If Application.Sum(Range(ActiveCell.Offset(-Leadtime1 + 

1, -6), ActiveCell.Offset(0, -6))) + ActiveCell.Offset(0, -

8).Value <= ActiveCell.Offset(0, -9).Value Then 

                 

            ActiveCell.Offset(0, -6).Value = Q1 'Lägger 

beställning 

             

        Else 

             

            ActiveCell.Offset(0, -6).Value = 0 

         

        End If 

         

    Else 

         

        ActiveCell.Offset(0, -6).Value = 0 

         

    End If 

 

    'Order receipt uppdateras ledtiden fram 
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    ActiveCell.Offset(Leadtime1, -7).Value = 

ActiveCell.Offset(0, -6).Value 

     

 

'-------- Site 2 Echelon 1----------- 

   

    'Echelon 1 Site 2 Order point 

         

        'Behov uppdateras 

        D2 = Application.Sum(Range(ActiveCell.Offset(0, -2), 

ActiveCell.Offset(Leadtime2 - 1, -2))) 

     

        'Order point uppdateras 

        ActiveCell.Offset(0, -1).Value = SS2 + D2 

     

    'On hand uppdateras 

    If ActiveCell.Offset(-1, 0).Value - ActiveCell.Offset(0, -

3).Value + ActiveCell.Offset(0, 1).Value < 0 Then 

     

        ActiveCell.Value = 0 'Om on hand blir negativt 

     

    Else 

     

        ActiveCell.Value = ActiveCell.Offset(-1, 0).Value - 

ActiveCell.Offset(0, -3).Value + ActiveCell.Offset(0, 1).Value 

     

    End If 

     

    'Order placed uppdateras 

    If ActiveCell.Value <= ActiveCell.Offset(0, -1).Value Then 

         

        'Om order redan lagts inom ledtiden kommer snart order 

att levereras, lägg därför ingen ny order 

        If (Application.Sum(Range(ActiveCell.Offset(-Leadtime2 + 

1, 2), ActiveCell.Offset(0, 2))) + ActiveCell.Value) <= 

ActiveCell.Offset(0, -1).Value Then 

             

            ActiveCell.Offset(0, 2).Value = Q2 

         

        Else 

             

            ActiveCell.Offset(0, 2).Value = 0 

         

        End If 

         

    Else 
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        ActiveCell.Offset(0, 2).Value = 0 

         

    End If 

 

    'Order receipt uppdateras 

    ActiveCell.Offset(Leadtime2, 1).Value = ActiveCell.Offset(0, 

2).Value 

 

 

'---------------- Echelon 2------------------ 

     

    'Echelon 2 Order point 

    If i < 30 Then 

     

        D3 = Application.Sum(Range(ActiveCell.Offset(0, 7), 

ActiveCell.Offset(Leadtime3 - 1, 7))) 

     

    Else 

     

        D3 = Leadtime3 * 

Application.WorksheetFunction.Average(Range(ActiveCell.Offset(-

29, 6), ActiveCell.Offset(0, 6))) 

     

    End If 

     

    ActiveCell.Offset(0, 8).Value = SS3 + D3 

     

    'Demand uppdateras 

    ActiveCell.Offset(0, 6).Value = ActiveCell.Offset(0, 

2).Value + ActiveCell.Offset(0, -6).Value 

 

    'On hand uppdateras 

    If ActiveCell.Offset(-1, 9).Value - ActiveCell.Offset(0, 

6).Value + ActiveCell.Offset(0, 10).Value < 0 Then 

     

        ActiveCell.Offset(0, 9).Value = 0 

     

    Else 

     

        ActiveCell.Offset(0, 9).Value = ActiveCell.Offset(-1, 

9).Value - ActiveCell.Offset(0, 6).Value + ActiveCell.Offset(0, 

10).Value 

     

    End If 
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    'Order placed uppdateras 

    If ActiveCell.Offset(0, 9).Value <= ActiveCell.Offset(0, 

8).Value Then 

         

        'Om order redan lagts inom ledtiden kommer snart order 

att levereras, lägg därför ingen ny order 

        If (Application.Sum(Range(ActiveCell.Offset(-Leadtime3 + 

1, 11), ActiveCell.Offset(0, 11))) + ActiveCell.Offset(0, 

9).Value) <= ActiveCell.Offset(0, 8).Value Then 

             

            ActiveCell.Offset(0, 11).Value = Q3 

             

        Else 

             

            ActiveCell.Offset(0, 11).Value = 0 

         

        End If 

         

    Else 

         

        ActiveCell.Offset(0, 11).Value = 0 

         

    End If 

 

    'Order receipt uppdateras 

    ActiveCell.Offset(Leadtime3, 10).Value = 

ActiveCell.Offset(0, 11).Value 

 

     

'---------------- Echelon 3 ------------------ 

 

    'Echelon 3 Order point 

    If i < 30 Then 

     

        D4 = Application.Sum(Range(ActiveCell.Offset(0, 16), 

ActiveCell.Offset(Leadtime4 - 1, 16))) 

     

    Else 

     

        D4 = Leadtime4 * 

Application.WorksheetFunction.Average(Range(ActiveCell.Offset(-

29, 15), ActiveCell.Offset(0, 15))) 

     

    End If 

     

    ActiveCell.Offset(0, 17).Value = SS4 + D4 
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    'Demand uppdateras 

    ActiveCell.Offset(0, 15).Value = ActiveCell.Offset(0, 

11).Value 

 

    'On hand uppdateras 

    If ActiveCell.Offset(-1, 18).Value - ActiveCell.Offset(0, 

15).Value + ActiveCell.Offset(0, 19).Value < 0 Then 

     

        ActiveCell.Offset(0, 18).Value = 0 

     

    Else 

     

        ActiveCell.Offset(0, 18).Value = ActiveCell.Offset(-1, 

18).Value - ActiveCell.Offset(0, 15).Value + 

ActiveCell.Offset(0, 19).Value 

     

    End If 

     

    'Order placed uppdateras 

    If ActiveCell.Offset(0, 18).Value <= ActiveCell.Offset(0, 

17).Value Then 

         

        'Om order redan lagts inom ledtiden kommer snart order 

att levereras, lägg därför ingen ny order 

        If (Application.Sum(Range(ActiveCell.Offset(-Leadtime4 + 

1, 20), ActiveCell.Offset(0, 20))) + ActiveCell.Offset(0, 

18).Value) <= ActiveCell.Offset(0, 17).Value Then 

             

            ActiveCell.Offset(0, 20).Value = Q4 

  

        Else 

             

            ActiveCell.Offset(0, 20).Value = 0 

         

        End If 

         

    Else 

         

        ActiveCell.Offset(0, 20).Value = 0 

         

    End If 

 

    'Order receipt uppdateras 

    ActiveCell.Offset(Leadtime4, 19).Value = 

ActiveCell.Offset(0, 20).Value 
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'OM ECHELON 3 INTE KAN LEVERERA ÖNSKAD KVANITETET SÅ UPPDATERAS 

LAGD ORDER I ECHELON 2 

     

    If ActiveCell.Offset(0, 11).Value > 0 And 

(ActiveCell.Offset(-1, 18).Value - ActiveCell.Offset(0, 

15).Value + ActiveCell.Offset(0, 19).Value) < 0 Then 

         

        'Order placed upppdateras echelon 2 

        ActiveCell.Offset(0, 11).Value = ActiveCell.Offset(-1, 

18).Value 

         

        'Order receipt uppdateras echelon 2 

        ActiveCell.Offset(Leadtime3, 10).Value = 

ActiveCell.Offset(0, 11).Value 

         

    End If 

     

    

'Om Echelon 2 inte kan leverera önskad kvantitet så uppdateras 

order placed i Echelon 1 

     

    If (ActiveCell.Offset(-1, 9).Value - ActiveCell.Offset(0, 

6).Value + ActiveCell.Offset(0, 10).Value) < 0 Then 

         

       'Om Både site 1 och 2 har lagt order så delas tillgänglig 

kvantitet 50/50 

       If ActiveCell.Offset(0, 2).Value > 0 And 

ActiveCell.Offset(0, -6).Value > 0 Then 

        

            'Order placed upppdateras site 1 echelon 1 

           ActiveCell.Offset(0, -6).Value = 

Application.WorksheetFunction.RoundDown((ActiveCell.Offset(-1, 

9).Value) / 2, 0) 

         

            'Order receipt uppdateras site 1 echelon 1 

            ActiveCell.Offset(Leadtime1, -7).Value = 

ActiveCell.Offset(0, -6).Value 

             

            'Order placed upppdateras site 2 echelon 1 

            ActiveCell.Offset(0, 2).Value = 

Application.WorksheetFunction.RoundUp((ActiveCell.Offset(-1, 

9).Value) / 2, 0) 
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            'Order receipt uppdateras site 2 echelon 1 

            ActiveCell.Offset(Leadtime2, 1).Value = 

ActiveCell.Offset(0, 2).Value 

 

       'Om bara site 2 har lagt en order 

       ElseIf ActiveCell.Offset(0, 2).Value > 0 And 

ActiveCell.Offset(0, -6).Value = 0 Then 

        

            'Order placed upppdateras site 2 echelon 1 

            ActiveCell.Offset(0, 2).Value = ActiveCell.Offset(-

1, 9).Value 

         

            'Order receipt uppdateras site 2 echelon 1 

            ActiveCell.Offset(Leadtime2, 1).Value = 

ActiveCell.Offset(0, 2).Value 

             

       'Om bara site 1 har lagt en order 

       ElseIf ActiveCell.Offset(0, 2).Value = 0 And 

ActiveCell.Offset(0, -6).Value > 0 Then 

         

            'Order placed upppdateras site 2 echelon 1 

            ActiveCell.Offset(0, -6).Value = ActiveCell.Offset(-

1, 9).Value 

         

            'Order receipt uppdateras site 2 echelon 1 

            ActiveCell.Offset(Leadtime1, -7).Value = 

ActiveCell.Offset(0, -6).Value 

         

      End If 

 

    End If 

     

    'In transit 

    If i >= 99 Then 

 

        'Site 1 

        ActiveCell.Offset(0, -4) = 

Application.Sum(Range(ActiveCell.Offset(-Leadtime1 + 1, -6), 

ActiveCell.Offset(-1, -6))) 

 

        'Site 2 

        ActiveCell.Offset(0, 4) = 

Application.Sum(Range(ActiveCell.Offset(-Leadtime2 + 1, 2), 

ActiveCell.Offset(-1, 2))) 

         

        'Echelon 2 
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        ActiveCell.Offset(0, 13) = 

Application.Sum(Range(ActiveCell.Offset(-Leadtime3 + 1, 11), 

ActiveCell.Offset(-1, 11))) 

         

        'Echelon 3 

        ActiveCell.Offset(0, 22) = 

Application.Sum(Range(ActiveCell.Offset(-Leadtime1 + 1, 20), 

ActiveCell.Offset(-1, 20))) 

         

    End If 

 

 

'Placering i nästa aktuella cell i loopen 

    ActiveCell.Offset(1, 0).Select 

 

 

Next i 

 

End Sub 

 
  



 

 

 

[126] 

 

X. ATTACHMENT – THE EXCEL SPREADSHEET USED FOR THE ROP MODEL 
In this attachment, screenshots of the Excel spreadsheets are shown for the ROP model. In all 

figures, the columns are visible, and in row 8 the numbering system used for the code is shown. These 

pictures together with the code above should make it possible to recreate our results. As with the 

code in Attachment IX, the LW’s are referred to as site 1 and 2 in Echelon 1, the RW is referred to 

as Echelon 2 and the CW is referred to as Echelon 3.  

 

 
Figure 280. Screenshot from Excel spreadsheet showing input and output data for LW1 for the ROP model. 

 

 
Figure 291. Screenshot from Excel spreadsheet showing input and output data for LW2 for the ROP model. 

 

 
Figure 302. Screenshot from Excel spreadsheet showing input and output data for RW for the ROP model. 
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Figure 313. Screenshot from Excel spreadsheet showing input and output data for CW for the ROP model. 

 

Formulas of interest in different cells based on LW1 or site 1, as used in Figure 280: 

 

Average inventory (cell G3): =AVERAGE(F1010:F9010) 

Fill rate (cell G5): =(SUM(C1010:C9010)-SUM(I1010:I9010))/SUM(C1010:C9010) 

Ready rate (cell G7): =COUNTIF(I1010:I9010;0)/COUNT(I1010:I9010) 

 

Shortage (cell I11): = =IF(F11=0;-(F10-C11+G11);0) 

Standard deviation (STD) = ROUNDUP(STDEV.P(C1010:C9010);0)  
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XI. ATTACHMENT – THE VBA CODE FOR THE DRP MODEL 
Here, the code for the DRP is shown. If someone reads the code, it should be possible to recreate 

the Excel spreadsheet used for running this code. Otherwise, screenshots from the spreadsheet is 

shown in the next attachment. Note that, in the code, the local warehouses are referred to as Lager1_1 

and Lager1_2 in Echelon 1, the regional warehouse is referred to as Echelon 2 and the central 

warehouse is referred to as Echelon 3. Code below with a single quote ( ' ) in front of it is a comment. 

Unfortunately, descriptions and comments are in Swedish. 

 

 

Sub DRPTest() 

 

'------- Deklarera variabler ---------- 

 

'--- Ledtider 

Dim Leadtime1_1 As Integer 

Dim Leadtime1_2 As Integer 

Dim Leadtime2 As Integer 

Dim Leadtime3 As Integer 

 

Dim Leadtime_Echelon As Integer 

Dim Leadtime_Echelon1 As Integer '<--------- Avser vara den 

längsta av ledtiderna på Echelon1-nivå 

Dim Leadtime_Echelon1LOW As Integer '<--------- Avser vara den 

kortaste av ledtiderna på Echelon1-nivå 

 

'--- Startlager 

Dim StartQ1_1 As Integer 

Dim StartQ1_2 As Integer 

Dim StartQ2 As Integer 

Dim StartQ3 As Integer 

 

'--- Orderstorlekar 

Dim Q1_1 As Integer 

Dim Q1_2 As Integer 

Dim Q2 As Long 

Dim Q3 As Long 

 

'--- Säkerhetslager 

Dim SS1_1 As Integer 

Dim SS1_2 As Integer 

Dim SS2 As Integer 

Dim SS3 As Integer 

 

'--- Demandvariabler till tidigare i kedjan 

Dim Demand1_1 As Integer 

Dim Demand1_2 As Integer 
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'------ VARIABELVÄRDEN ----------------- 

 

Leadtime1_1 = Range("H3") 

Leadtime1_2 = Range("BA3") 

Leadtime2 = Range("W3") 

Leadtime3 = Range("AL3") 

 

Leadtime_Echelon = Range("H4") 

 

StartQ1_1 = Range("H5") 

StartQ1_2 = Range("BA5") 

StartQ2 = Range("W5") 

StartQ3 = Range("AL5") 

 

Q1_1 = Range("H6") 

Q1_2 = Range("BA6") 

Q2 = Range("W6") 

Q3 = Range("AL6") 

 

SS1_1 = Range("H7") 

SS1_2 = Range("BA7") 

SS2 = Range("W7") 

SS3 = Range("AL7") 

 

If Leadtime1_1 < Leadtime1_2 Then 

    Leadtime_Echelon1 = Leadtime1_2 

    Leadtime_Echelon1LOW = Leadtime1_1 

Else 

    Leadtime_Echelon1 = Leadtime1_1 

    Leadtime_Echelon1LOW = Leadtime1_2 

End If 

     

'Application.ScreenUpdating = False 

     

'----- Få in startvärde i första cellen minus eventuellt demand 

 

Range("K10").Select 

 

ActiveCell.Value = StartQ1_1 - ActiveCell.Offset(0, -5).Value 

ActiveCell.Offset(0, -1).Value = ActiveCell.Value 

 

Range("BD10").Value = StartQ1_2 - ActiveCell.Offset(0, 40).Value 

Range("BC10").Value = Range("BD10").Value 

 

Range("Z10").Value = StartQ2 - ActiveCell.Offset(0, 11).Value 
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Range("Y10").Value = Range("Z10").Value 

 

Range("AO10").Value = StartQ3 - ActiveCell.Offset(0, 26).Value 

Range("AN10").Value = Range("AO10").Value 

 

'-----------En första prognosloop för att komma igång. Sedan 

kommer stora loopen 

 

For j = 1 To Leadtime_Echelon 

     

     

    '----- LAGER 1_1 

        '---- Förväntade inleveranser 

     

    If ActiveCell.Offset(j - 1, -1).Value - ActiveCell.Offset(j, 

-4).Value < SS1_1 Then 

             

        If j >= Leadtime1_1 Then 

             

            ActiveCell.Offset(j, -3).Value = Q1_1 

             

            '---- Planerade släpp 

         

            ActiveCell.Offset(j - Leadtime1_1, -2).Value = Q1_1 

             

        End If 

             

    Else 

                 

        ActiveCell.Offset(j, -3).Value = 0 

             

        '---- Planerade släpp 

        If j > Leadtime1_1 Then 

             

            ActiveCell.Offset(j - Leadtime1_1, -2).Value = 0 

 

        End If 

             

             

    End If 

     

     

     

     

        '----- LAGER 1_2 

        '---- Förväntade inleveranser 
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    If ActiveCell.Offset(j - 1, 44).Value - ActiveCell.Offset(j, 

41).Value < SS1_2 Then 

             

        If j >= Leadtime1_2 Then 

             

            ActiveCell.Offset(j, 42).Value = Q1_2 

             

            '---- Planerade släpp 

         

            ActiveCell.Offset(j - Leadtime1_2, 43).Value = Q1_2 

             

        End If 

             

    Else 

                 

        ActiveCell.Offset(j, 42).Value = 0 

             

        '---- Planerade släpp 

        If j > Leadtime1_2 Then                             

             

            ActiveCell.Offset(j - Leadtime1_2, 43).Value = 0 

             

        End If 

             

             

    End If 

     

    '---- Demand från hela Echelon 1 tidigare lager ------------

- 

     

    If j > Leadtime_Echelon1LOW Then 

         

        ActiveCell.Offset(j - Leadtime_Echelon1LOW, 11).Value = 

ActiveCell.Offset(j - Leadtime_Echelon1LOW, -2).Value 

         

        If j > Leadtime_Echelon1 Then 

                 

            ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value = 

ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value + 

ActiveCell.Offset(j - Leadtime_Echelon1, 43).Value 

             

        End If 

         

    End If 
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    '----- LAGER 2 

        '---- Förväntade inleveranser 

    If j > Leadtime_Echelon1 Then 

        If ActiveCell.Offset(j - 1 - Leadtime_Echelon1, 14).Value 

- ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value < SS2 Then 

             

            If j >= Leadtime2 Then 

                 

                ActiveCell.Offset(j - Leadtime_Echelon1, 

12).Value = Q2 

             

                '---- Planerade släpp 

         

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 13).Value = Q2 

             

                '---- "Demand" för tidigare lager 

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value = Q2 

             

            End If 

             

        Else 

                 

            ActiveCell.Offset(j - Leadtime_Echelon1, 12).Value = 

0 

             

            '---- Planerade släpp 

            If j > Leadtime_Echelon1 + Leadtime2 Then 

             

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 13).Value = 0 

             

                '---- "Demand" för tidigare lager 

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value = 0 

             

            End If 

             

        End If 

     

    End If 

 

 

    '----- LAGER 3 

        '---- Förväntade inleveranser 
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    If j > Leadtime_Echelon1 + Leadtime2 Then 

        If ActiveCell.Offset(j - 1 - Leadtime_Echelon1 - 

Leadtime2, 29).Value - ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value < SS3 Then 

             

            If j >= Leadtime_Echelon1 + Leadtime2 + Leadtime3 Then 

                 

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 27).Value = Q3 

             

                '---- Planerade släpp 

         

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2 - Leadtime3, 28).Value = Q3 

             

            End If 

             

        Else 

                 

            ActiveCell.Offset(j - Leadtime_Echelon1 - Leadtime2, 

27).Value = 0 

             

            '---- Planerade släpp 

            If j > Leadtime_Echelon1 + Leadtime2 + Leadtime3 Then 

             

                ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2 - Leadtime3, 28).Value = 0 

             

            End If 

             

        End If 

     

    End If 

 

 

 

 

 

 

    ActiveCell.Offset(j, -1).Value = ActiveCell.Offset(j - 1, -

1).Value - ActiveCell.Offset(j, -4).Value + ActiveCell.Offset(j, 

-3).Value 
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    ActiveCell.Offset(j, 44).Value = ActiveCell.Offset(j - 1, 

44).Value - ActiveCell.Offset(j, 41).Value + ActiveCell.Offset(j, 

42).Value 

     

    If j > Leadtime_Echelon1 Then 

        ActiveCell.Offset(j - Leadtime_Echelon1, 14).Value = 

ActiveCell.Offset(j - 1 - Leadtime_Echelon1, 14).Value - 

ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value + 

ActiveCell.Offset(j - Leadtime_Echelon1, 12).Value 

    End If 

     

    If j > Leadtime_Echelon1 + Leadtime2 Then 

        ActiveCell.Offset(j - Leadtime_Echelon1 - Leadtime2, 

29).Value = ActiveCell.Offset(j - 1 - Leadtime_Echelon1 - 

Leadtime2, 29).Value - ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value + ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 27).Value 

    End If 

     

     

Next j 

 

 

'----- Påbörja loop för att fylla på i cellerna 

'----- Logiken --> Prognos beräknas Leadtime_Echelon antal dagar 

framåt, varje dag 

 

 

For i = 1 To 10000 

 

'---- NYTT VÄRDE LAGER 1_1 

     

    If ActiveCell.Offset(1, -5).Value > ActiveCell.Value + 

ActiveCell.Offset(1, -3).Value Then 

                 

        ActiveCell.Offset(1, 0).Value = 0 

             

        ActiveCell.Offset(1, -1).Value = ActiveCell.Offset(1, 

0).Value 

                     

    Else 

         

        ActiveCell.Offset(1, 0).Value = ActiveCell.Value - 

ActiveCell.Offset(1, -5).Value + ActiveCell.Offset(1, -3).Value 
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        ActiveCell.Offset(1, -1).Value = ActiveCell.Offset(1, 

0).Value 

             

    End If 

     

    '---- NYTT VÄRDE LAGER 1_2 

     

    If ActiveCell.Offset(1, 40).Value > ActiveCell.Offset(0, 

45).Value + ActiveCell.Offset(1, 42).Value Then 

                 

        ActiveCell.Offset(1, 45).Value = 0 

             

        ActiveCell.Offset(1, 44).Value = ActiveCell.Offset(1, 

45).Value 

                     

    Else 

         

        ActiveCell.Offset(1, 45).Value = ActiveCell.Offset(0, 

45).Value - ActiveCell.Offset(1, 40).Value + ActiveCell.Offset(1, 

42).Value 

         

        ActiveCell.Offset(1, 44).Value = ActiveCell.Offset(1, 

45).Value 

             

    End If 

     

     

     

'---- Byter aktiv cell 

 

    ActiveCell.Offset(1, 0).Select 

     

 

 

    '---- Planned on hand --- Räkna från Faktisk onhand och 

prognosticera onhand echelonledtiden fram 

     

     

    For j = 1 To Leadtime_Echelon 

     

    '--- LAGER 1 ///// ECHELON 1 

        '---- Förväntade inleveranser 

     

        If ActiveCell.Offset(j - 1, -1).Value - 

ActiveCell.Offset(j, -4).Value < SS1_1 Then 

             



 

 

 

[136] 

 

            If j >= Leadtime1_1 Then 

             

                ActiveCell.Offset(j, -3).Value = Q1_1 

             

                '---- Planerade släpp 

         

                ActiveCell.Offset(j - Leadtime1_1, -2).Value = 

Q1_1 

                 

            End If 

             

        Else 

             

            If j > Leadtime1_1 Then     ' HÄR ÄR FRYSTIDEN, inga 

ändringar inom ledtiden 

             

                ActiveCell.Offset(j, -3).Value = 0 

             

            End If 

             

            '---- Planerade släpp 

            If i > 1 And j > Leadtime1_1 Then 

             

                ActiveCell.Offset(j - Leadtime1_1, -2).Value = 0 

                 

            End If 

             

             

        End If 

         

         

    '----- LAGER 2 ////// ECHELON 1 

        '---- Förväntade inleveranser 

     

        If ActiveCell.Offset(j - 1, 44).Value - 

ActiveCell.Offset(j, 41).Value < SS1_2 Then 

             

            If j >= Leadtime1_2 Then 

             

                ActiveCell.Offset(j, 42).Value = Q1_2 

             

                '---- Planerade släpp 

         

                ActiveCell.Offset(j - Leadtime1_2, 43).Value = 

Q1_2 
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            End If 

             

        Else 

             

            If j > Leadtime1_2 Then     ' HÄR ÄR FRYSTIDEN, inga 

ändringar inom ledtiden 

             

                ActiveCell.Offset(j, 42).Value = 0 

             

            End If 

             

            '---- Planerade släpp 

            If i > 1 And j > Leadtime1_2 Then 

             

                ActiveCell.Offset(j - Leadtime1_2, 43).Value = 0 

                 

            End If 

             

             

        End If 

         

    '---- Demand från hela Echelon 1 tidigare lager ------------

- 

         

        If i + j > 5 Then 

            ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value = 

ActiveCell.Offset(j - Leadtime_Echelon1, -2).Value + 

ActiveCell.Offset(j - Leadtime_Echelon1, 43).Value 

        End If 

         

         

        '----- LAGER 2 ////// ECHELON 2 

         

        '--------- Skicka rätt mängd om det inte räcker för en 

hel Q 

         

        If ActiveCell.Offset(0, 11).Value > ActiveCell.Offset(-1, 

15).Value + ActiveCell.Offset(0, 12).Value Then 

                 

            ActiveCell.Offset(0, 15).Value = 0 

             

            ActiveCell.Offset(0, 14).Value = ActiveCell.Offset(0, 

15).Value 

             

            If ActiveCell.Offset(0, -2).Value > 0 And 

ActiveCell.Offset(0, 43).Value > 0 Then 
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                ActiveCell.Offset(Leadtime1_1, -3).Value = 

(ActiveCell.Offset(-1, 15).Value + ActiveCell.Offset(0, 

12).Value) / 2 

             

                ActiveCell.Offset(Leadtime1_2, 42).Value = 

(ActiveCell.Offset(-1, 15).Value + ActiveCell.Offset(0, 

12).Value) / 2 

             

            ElseIf ActiveCell.Offset(0, -2).Value > 0 And 

ActiveCell.Offset(0, 43).Value = 0 Then 

                 

                ActiveCell.Offset(Leadtime1_1, -3).Value = 

ActiveCell.Offset(-1, 15).Value + ActiveCell.Offset(0, 12).Value 

                 

            ElseIf ActiveCell.Offset(0, -2).Value = 0 And 

ActiveCell.Offset(0, 43).Value > 0 Then 

             

                ActiveCell.Offset(Leadtime1_2, 42).Value = 

ActiveCell.Offset(-1, 15).Value + ActiveCell.Offset(0, 12).Value 

                 

            End If 

                     

        Else 

         

            ActiveCell.Offset(0, 15).Value = ActiveCell.Offset(-

1, 15).Value - ActiveCell.Offset(0, 11).Value + 

ActiveCell.Offset(0, 12).Value 

         

            ActiveCell.Offset(0, 14).Value = ActiveCell.Offset(0, 

15).Value 

         

        End If 

         

        '-------------------------------- 

         

                '---- Förväntade inleveranser 

        If j > Leadtime_Echelon1 + Leadtime2 Then 

            If ActiveCell.Offset(j - 1 - Leadtime_Echelon1, 

14).Value - ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value < 

SS2 Then 

                     

                If j >= Leadtime_Echelon1 + Leadtime2 Then 

                         

                    ActiveCell.Offset(j - Leadtime_Echelon1, 

12).Value = Q2 
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                    '---- Planerade släpp 

                 

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 13).Value = Q2 

                     

                    '---- "Demand" för tidigare lager 

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value = Q2 

                     

                End If 

                     

            Else 

                If j > Leadtime_Echelon1 + Leadtime2 Then   ' HÄR 

ÄR FRYSTIDEN, inga ändringar inom ledtiden 

                     

                    ActiveCell.Offset(j - Leadtime_Echelon1, 

12).Value = 0 

                 

                End If 

                 

                '---- Planerade släpp 

                If j > Leadtime_Echelon1 + Leadtime2 Then                          

' i > 1 And 

                     

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 13).Value = 0 

                     

                    '---- "Demand" för tidigare lager 

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value = 0 

                     

                End If 

                     

            End If 

         

        End If 

         

         

        '----- LAGER 3 ////// ECHELON 3 

         

        '--------- Skicka rätt mängd om det inte räcker för en 

hel Q 

         

        If ActiveCell.Offset(0, 26).Value > ActiveCell.Offset(-1, 

30).Value + ActiveCell.Offset(0, 27).Value Then 
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            ActiveCell.Offset(0, 30).Value = 0 

             

            ActiveCell.Offset(0, 29).Value = ActiveCell.Offset(0, 

30).Value 

             

            ActiveCell.Offset(Leadtime2, 12) = 

ActiveCell.Offset(-1, 30).Value 

                     

        Else 

         

            ActiveCell.Offset(0, 30).Value = ActiveCell.Offset(-

1, 30).Value - ActiveCell.Offset(0, 26).Value + 

ActiveCell.Offset(0, 27).Value 

         

            ActiveCell.Offset(0, 29).Value = ActiveCell.Offset(0, 

30).Value 

         

        End If 

         

        '-------------------------------- 

         

                '---- Förväntade inleveranser 

        If j > Leadtime_Echelon1 + Leadtime2 + Leadtime3 Then 

            If ActiveCell.Offset(j - 1 - Leadtime_Echelon1 - 

Leadtime2, 29).Value - ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value < SS3 Then 

                     

                If j >= Leadtime_Echelon1 + Leadtime2 + Leadtime3 

Then 

                         

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 27).Value = Q3 

                     

                    '---- Planerade släpp 

                 

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2 - Leadtime3, 28).Value = Q3 

                     

                    '---- "Demand" för tidigare lager 

                    'ActiveCell.Offset(j - Leadtime1_1 - 

Leadtime2, 26).Value = Q2 

                     

                End If 

                     

            Else 
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                If j > Leadtime_Echelon1 + Leadtime2 + Leadtime3 

Then       ' HÄR ÄR FRYSTIDEN, inga ändringar inom ledtiden 

                     

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 27).Value = 0 

                 

                End If 

                 

                '---- Planerade släpp 

                If j > Leadtime_Echelon1 + Leadtime2 + Leadtime3 

Then                        ' i > 1 And 

                     

                    ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2 - Leadtime3, 28).Value = 0 

                     

                    '---- "Demand" för tidigare lager 

                    'ActiveCell.Offset(j - Leadtime1_1 - 

Leadtime2, 26).Value = 0 

                     

                End If 

                     

            End If 

         

        End If 

         

         

         

         

         

         

        '----------- Uppdatering av prognosvärden onhand 

         

        '------Lager 1 Echelon 1 

        ActiveCell.Offset(j, -1).Value = ActiveCell.Offset(j - 1, 

-1).Value - ActiveCell.Offset(j, -4).Value + ActiveCell.Offset(j, 

-3).Value 

    

        '------Lager 2 Echelon 1 

        ActiveCell.Offset(j, 44).Value = ActiveCell.Offset(j - 1, 

44).Value - ActiveCell.Offset(j, 41).Value + ActiveCell.Offset(j, 

42).Value 

         

        '------Lager 2 Echelon 2 

        If j > Leadtime_Echelon1 Then 

            ActiveCell.Offset(j - Leadtime_Echelon1, 14).Value = 

ActiveCell.Offset(j - 1 - Leadtime_Echelon1, 14).Value - 
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ActiveCell.Offset(j - Leadtime_Echelon1, 11).Value + 

ActiveCell.Offset(j - Leadtime_Echelon1, 12).Value 

        End If 

                           

        '------Lager 3 Echelon 3 

        If j > Leadtime_Echelon1 + Leadtime2 Then 

            ActiveCell.Offset(j - Leadtime_Echelon1 - Leadtime2, 

29).Value = ActiveCell.Offset(j - 1 - Leadtime_Echelon1 - 

Leadtime2, 29).Value - ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 26).Value + ActiveCell.Offset(j - Leadtime_Echelon1 - 

Leadtime2, 27).Value 

        End If 

                       

                       

                       

'-------------- VARIABEL ORDERKVANTITET --------------- 

 

        'Q1_1 = 0 

        'Q1_2 = 0 

        'Q2 = 0 

        'Q3 = 0 

                       

        'For a = 1 To Leadtime1_1 

        '    Q1_1 = Q1_1 + ActiveCell.Offset(j + a, -4).Value 

        'Next a 

         

        'For b = 1 To Leadtime1_2 

        '    Q1_2 = Q1_2 + ActiveCell.Offset(j + b, 41).Value 

        'Next b 

         

        'For c = 1 To Leadtime2 

        '    Q2 = Q2 + ActiveCell.Offset(j + c, 11).Value 

        'Next c 

             

        'For d = 1 To Leadtime3 

        '    Q3 = Q3 + ActiveCell.Offset(j + d, 26).Value 

        'Next d 

                       

                       

    Next j 

 

 

Next i 

 

 

End Sub 
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XII. THE EXCEL SPREADSHEET USED FOR THE DRP 
In this attachment, screenshots of the Excel spreadsheets are shown. These pictures together with 

the code above should make it possible to recreate our results. 

 

 
Figure 324. Screenshot from Excel spreadsheet showing input and output data for LW1. 

 

 
Figure 335. Screenshot from Excel spreadsheet showing input and output data for RW. 
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Figure 346. Screenshot from Excel spreadsheet showing input and output data for CW. 

 

 
Figure 357. Screenshot from Excel spreadsheet showing input and output data for LW2. 

 

Formulas of interest in different cells based on LW1: 

 

Fill rate (cell M3): =(SUM(F1010:F9010)-SUM(M1010:M9010))/(SUM(F1010:F9010)) 

Average inventory (cell M4): =AVERAGE(K1010:K9010) 

Ready rate (cell M5): =COUNTIF(M1010:M9010;0)/COUNT(M1010:M9010) 

 

Shortage (cell M11 and continuing downwards): =IF(K10+H11<F11;-(K10+H11-F11);0) 


