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ABSTRACT 

Forecasts are used to predict the uncertain outcome of a variable. These predictions are made 

to get an understanding of likely future scenarios which allows planning in advance. Forecasts 

are commonly used in inventory control systems to estimate the future demand. This estimation 

along with the estimated precision of the forecast can be used to determine adequate safety 

stocks. In extension, forecasts of the future demand can be used to support decisions regarding 

the replenishment of inventories.     

This thesis involves forecasting of the demand of pharmaceutical drugs. In particular, drugs that 

are referred to as generics. The demand of generics can fluctuate heavily due to the substitution 

system and can therefore be troublesome to forecast. The main objective of this thesis is to 

design a suitable forecast approach for the demand of generics, and to examine how these 

forecasts can be used to control the replenishment of inventories. The project was executed at 

a pharmaceutical drug distributor and hopes to enlighten some new techniques that can be used 

to improve the handling of generics.  

To achieve the objective of this thesis, the initial focus was on the current state. The currently 

used methods where studied and compared with theories and methods described in literature. 

Assumptions and theories on which the currently used methods are based on could thus be 

identified. These assumptions where later assessed as either reasonable or unreasonable. 

Finally, a new forecast approach was designed to account for the insights gained from 

evaluating the current methods. 

The result of this thesis is a forecast approach suitable to forecast the demand of generics that 

account for the fluctuation in demand which occurs due to the substitution system. It assumes 

that the demand has a constant demand model, but an alternative method suitable for the trend 

model is also given. It is proposed that tracking signals are used to monitor the forecast such 

that systematic errors are identified. Furthermore, the literature review indicates that 

alternatives to the current method used to determine the reorder point should be considered for 

occasionally demanded generics.  

 

 

  



 
 

ABSTRACT IN SWEDISH 

Prognoser används för att uppskatta värdet av en okänd variabel. Dessa uppskattningar utförs 

för att söka förståelse om framtida händelser vilket möjliggör planering. Inom lagerstyrning 

nyttjas ofta prognoser för att uppskatta den framtida efterfrågan. Dessa prognoser används i 

kombination med en uppskattning av prognosens precision för att avgöra behovet av 

säkerhetslager. Prognoser används därmed som beslutsunderlag för styrning av lagerpåfyllnad.         

Detta examensarbetet berör prognostisering av efterfrågan av läkemedel. I synnerhet fokuserar 

arbetet på läkemedel som benämns som generiska läkemedel. Efterfrågan av generiska 

läkemedel kan variera avsevärt på grund av utbytessystemet och kan av den anledningen vara 

problematisk att prognostisera. Det huvudsakliga målet med examensarbetet är att utforma ett 

lämpligt tillvägagångssätt för att prognostisera behovet av generiska läkemedel, samt att 

undersöka hur dessa prognoser kan användas för att styra lagerpåfyllnaden. Arbetet utfördes 

hos en läkemedelsdistributör och hoppas på att belysa nya tekniker som kan anammas för att 

förbättra hanteringen av generiska läkemedel.  

För att uppnå målet med examensarbetet inleddes arbetet med att studera nuläget. Metoder som 

i nuläget nyttjas studerades och jämfördes med teorier och metoder som beskrivs i litteratur. På 

så sätt kunde antaganden och teorier som de nuvarande metoderna bygger på identifieras. Dessa 

antaganden bedömdes sedan som antingen rimliga eller orimliga. Slutligen utformades ett nytt 

tillvägagångssätt för att prognostisera utifrån den erfarenhet som erhölls genom bedömningen 

av de nuvarande metoderna. 

Resultatet av detta examensarbete är en prognosapproach lämplig för prognostisering av 

behovet av generiska läkemedel som tar hänsyn till de variationer som uppkommer på grund av 

utbytessystemet. Metoden antar en konstant efterfrågemodell, men ett alternativ lämpligt för en 

trendmodell beskrivs även. Förslagsvis bör spårsignaler användas för att övervaka prognosen 

så att systematiska fel upptäcks. Slutligen visar litteraturstudien på att man bör överväga att 

använda alternativa metoder för att bestämma beställningspunkten för oregelbundet 

efterfrågade generiska läkemedel.                    



 
 

DEFINITIONS AND ABBREVIATIONS 

Below are definitions of some terms and abbreviations that are used throughout this paper.   

Abbreviations 

CW   Central Warehouse 

DC  Distribution Centre 

ROP  Reorder point 

ROQ  Reorder quantity 

PoM   Product of the month 

MAD  Mean absolute deviation 

MAPD  Mean absolute percentage deviation 

MSE  Mean squared error 

TLV  Dental and pharmaceutical benefits agency 

(Tandvårds- och läkemedelsförmånsverket) 

 

Definitions 

Generic A copy of an original drug that has the same active 

substance, package size and dosage as the original 

drug 

Substitution group A group containing all the generics and the original 

drug that has the same active substance, package size 

and dosage as the original drug. 

Product of the month  The cheapest alternative within a substitution group 

(can change every month).  

Substitution system  The procedure in which the product of the month is 

chosen. 
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1 INTRODUCTION 

This chapter provides a short description of the background that justifies this study. The objective of the 

study and the research questions are presented. The project scope, i.e. the delimitations, are described 

and motivated. Finally, the structure of the remainder of this paper is given.        

1.1 BACKGROUND 
The studied company offers logistic services including transportations and warehousing of 

pharmaceutical drugs. The Manufacturers of pharmaceutical drugs purchases these services to 

supply their products to the Swedish market. When pharmacies and hospitals purchase products 

from manufacturers the products are usually distributed from distribution centres (DC) owned 

and controlled by the company. Meaning that the company estimates the inventory levels 

necessary to supply the demand. To perform these estimations with high accuracy is of great 

value since the storage space at DC is limited. Overestimation of the future demand can result 

in unreasonably large storage space being used, as well as an increased risk for incurrence and 

damaged goods. In contrast, an underestimation of the future demand can lead to delayed 

delivery and unsatisfactory customer service.  

A considerable amount of the products supplied by the company are defined as generics. 

Generics are copies of a drug for which the patent has expired. It has the same active substance, 

package size and dosage as the original drug but is produced by another manufacturer. Generics 

can therefore safely replace the original drug. This allows for the construction of substitution 

groups, groups that contains drugs that are identical. The manufacturers of generics within the 

same substitute group are constantly competing over who will supply the Swedish market. This 

competition is closely monitored by the Dental and pharmaceutical benefit agency (TLV). TLV 

wants to ensure that the Swedish market always is supplied with the cheapest generic within a 

substitution group. This minimizes the tax money spent on health services provided by the 

government.   

The substitution system is used to choose the cheapest generic. The system is a process used by 

TLV to choose a generic from each substitute group that is to supply the Swedish market for 

one month. Therefore, the manufacturers must confirm to TLV that they are capable to satisfy 

the Swedish market for this period. The manufacturer that has confirmed this to TLV and has 

the cheapest generic is chosen. This generic is then referred to as the product of the month 

(PoM). The sales of PoMs are significantly larger than the other generics within the same 

substitute group. The sales of a specific generic can therefore fluctuate heavily between month 

depending on which generic is the PoM. These fluctuations complicate the estimation of the 

future demand.  

This thesis has therefore examined how the future demand of generics can be estimated by a 

forecast that accounts for the substitution system.  

1.2 OBJECTIVES 
This project aims to develop a forecast approach suitable to forecast the demand of generic and 

to examine how these forecasts can be used to determine adequate inventory levels. To do so, 

this thesis will initially focus on the methods currently used by the studied company. The thesis 
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will then proceed by evaluating if these methods are reasonable. Finally, the thesis will propose 

a new method. This study therefore aims to answer the following research questions  

1. What assumptions are todays forecasting method, reorder point and reorder quantity 

based on at the studied company?  

2. Are these assumptions and methods reasonable?  

3. How can the methods be developed with regards to research question one and two? 

1.3 PROJECT SCOPE 
This project is restricted to study generics and thus the methods described and recommended in 

this project might not be suited for regular products distributed by the company. Whether these 

methods are suitable for regular product or not is a field that will need further studies. 

Furthermore, it is assumed that the process in which TLV choses PoMs, the substitution system, 

is a process that will remain unchanged. This thesis will, in other words, not recommend any 

methods that contradicts this process nor any other restrictions provided by TLV.  

 

A more general restriction, or rather a limitation, are the limited resources. This project is a part 

of an education and is expected to constitute 30 hp (800 hours). This time limitation has meant 

that some tasks were excluded. E.g. the proposed forecasting method has neither been tested 

nor implemented. Furthermore, the computational capabilities of the computers used has 

restricted the size of the analyses performed. Some analyses have therefore been restricted to a 

selected group of products.  

1.4 RELATED PROJECT 
This thesis was performed parallel to another thesis executed by a student from the Chalmers 

University of Technology, Nadia Nuldén. Both projects examine issues in connection to the 

product of the month but with different approaches, or focus areas. Some of the analyses 

presented in this paper, Figure 7, Figure 10, Figure 11 and Table 3, can therefore be found in 

Nuldéns thesis report. However, the result and conclusions separates the two theses due to the 

different focus areas. The area of focus of the thesis in your hand is on forecasting.      

1.5 DISPOSITION 
The remainder of this paper is structured as follows. Chapter two contains the surrounding 

context of this project. Here the supply chain will be described along with the substitution 

system. In chapter three the theoretical framework including forecasting methods and inventory 

control systems are described. In chapter four the project approach is explained. Different stages 

of the project are described and the methods used during the project is presented. Chapter five 

contains the results and findings. In this chapter results from analyses will be presented and the 

research questions will be answered. In chapter six the results are discussed. Chapter seven 

contains the conclusions. The results will be summarized in regards to the research questions. 

Finally, chapter eight contains the references.              
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2 CONTEXT 

This chapter provides a description of the context surrounding this project. The material flow from 

manufacturer to consumer is described as well as the products and the substitution system. Furthermore, 

the resources in terms of available data are described. Finally, some of the experienced challenges and 

shortcomings are discussed.      

2.1 THE SUPPLY CHAIN 
The studied company distributes pharmaceutical drugs to more than 1200 pharmacies. The 

pharmacies receive their goods in sealed plastic boxes containing the ordered products. The 

boxes are transported from distribution centres by trucks with a storage capacity large enough 

to allow coordinated shipment to several pharmacies. Boxes from previous shipments are 

returned when a pharmacy receives deliveries. The boxes are packaged at distribution centres 

where the products are stored in flow racks, shelving systems, or pallets in proximity to package 

stations. When an order is received, boxes containing a description of the order are released 

onto package lines at one of the distribution centres. The process of packaging the boxes 

differentiate depending on the products. Some products are packed manually whereas other 

products allow the use of automatic systems. Some products require refrigerated or cooled 

transportation and are therefore packaged in refrigerated boxes separately from others. Filled 

boxes are sealed, stored and sorted depending on their destination. When all boxes designated 

to the same pharmacy has been packaged they are transported to the shipment area where they 

are loaded onto trucks.  

 

Central warehouses are used to replenish the inventories at the distribution centres. The central 

warehouses store products in large quantities relative to the inventories at distribution centres. 

The products are commonly stored on pallets which are held in automated shelving systems. 

Products stored in quantities not requiring pallets are held in storage shelves. An order is sent 

to the central warehouses if a distribution centre requires replenishment. A pallet containing the 

product requested is then unloaded from the storage shelves. The requested amount is removed 

from the pallet and sent to the distribution centre. This amount is referred to as the reorder 

quantity (ROQ). The remainder of the pallet is brought back to the storage shelves. In some 

locations, the distribution centres and central warehouses located in the same facilities. 

Replenishment transportations between the distribution centre and central warehouse within the 

same facility can be carried out by forklifts or conveyor belts. Whereas transportation of 

replenishment between different facilities requires truck transportations. The lead time of 

replenishments can therefore vary depending of the central warehouse that are sending the 

goods and the distribution centre that is receiving them. The company distributes products from 

over 200 manufacturers. These manufactures are responsible to make sure that their products 

are available at the central warehouses. The manufacturers deliver their products in large 

quantities to ensure the availability of the products. The central warehouses receive the goods 

and stores it in the shelving system.  

 

Throughout the supply chain the responsibility and control is shifted from manufacturers, to the 

studied company, and finally to the Pharmacies. As mentioned before, the manufacturers 

control the replenishment of the central warehouses. They are responsible to ensure that 

sufficiently large quantities are stored at these facilities to resupply the distribution centre. The 

distributer, i.e. the studied company, controls the replenishments of the distribution centres. 

This means that the studied company is responsible to ensure that the inventories at the 

distribution centre are sufficient to satisfy the pharmacies orders. The pharmacies control the 
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replenishments of the inventories at their facilities. They are responsible to ensure that their 

inventories serve the patients’ needs. The material flow is illustrated in Figure 1.     

 

Figure 1 Illustrates the material flow from the manufacturers to the consumers. Figures in blue illustrates facilities and 
transportations controlled by the studied company.   

2.1.1 Alternative material flow 

Although the description of the material flow provided above is true in most cases there occur 

some alternatives. One such alterative is the delivery type. The inventories at distribution 

centres can either be replenished by CW-deliveries or DIR-deliveries. In the case of CW-

deliveries the material flow follows the description proved previously. Manufacturers transports 

and store products at the central warehouses which are used to resupply the distribution centres. 

In the case of DIR-deliveries however, manufacturers store their products at facilities not 

controlled by the studied company. The distribution centres are then supplied directly from 

these facilities. The two types of deliveries are illustrated in Figure 2 below. 

 

Figure 2 The replenishment of distribution centres. Figures in grey illustrates facilities and transportations controlled by the 
manufacturers. Figures in blue illustrates facilities and transportations controlled by the studied company.    

The main difference between the two delivery types is the lead time. CW-deliveries has a 

relatively short lead time since the central warehouses are in proximity to the distribution 

centres. DIR-deliveries generally involve transportations from facilities much further away, in 

some cases located in other countries. DIR-deliveries can also be restricted to specific days of 

the weeks. Therefore, DIR-deliveries has longer lead times than CW-deliveries.   
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The material flow can also depend on the pharmaceutical firm. Some pharmaceutical firms have 

their own warehouses which are supplied in larger quantities by the central warehouses. The 

material flow between distribution centres and pharmacies is illustrated in Figure 3 Below.   

 

Figure 3 The material flow between the distribution centre and the pharmacies. Figures in grey illustrates facilities and 
transportations controlled by the Pharmaceutical companies. Figures in blue illustrates facilities and transportations 
controlled by the studied company. 

One should also note that the studied company is not involved in all drug distribution network 

within Sweden. There are competing pharmaceutical drug distributers that offers similar 

services. Some products are therefore distributed by other companies. There are also some 

scenarios where the manufacturers have chosen to directly deliver to the pharmaceutical firm, 

eliminating the need for a distributor.      

2.2 THE PRODUCTS 
Within the products distributed by the company there are numerous diversities. Some products 

are valued well above hundred thousand SEK, while others are valued less than a fraction of 

this. Some products are used in cancer treatments while others are used for headaches. Some 

products regularly sell in large quantities whilst other occasionally sells a handful units. Some 

products are only demanded during certain periods while others are demanded evenly across 

the year.   

These diversities indicate the need for special methods developed to suit a specific product. 

Although this likely would improve the estimation of future demand it is not reasonable to 

handle each product individually. This is because of the large number of products, exceeding 

14 000 articles, distributed by the company.         

2.2.1 Special requirements 

Some of the products need to be kept heated, frozen or cooled throughout the supply chain. 

These special requirements constrain delivery and warehousing options. Refrigerated or cooled 

products requires special equipment such as refrigerated storage rooms. All manual handling 

must be executed without interruption to prevent the products from thawing. Naturally this also 

applies at the pharmacies who should be prepared to receive these products without delay. 

Deliveries of such products are therefore restricted to specific delivery days. Most 

pharmaceutical drugs also have an expiration date, although often more than two years ahead. 

These products are classified as perishable items and need to be handled as such. Methods such 

as FIFO (first in first out) are no longer suitable for these products, instead LSFO (least shelf-

life first out) is used. Some of the products are classified as narcotics which constrains the 

warehousing and transportations considerably. The company must prevent thefts so that these 

products does not end up on the black market. Finally, there are some products that are 

poisonous and need to be handled with care to prevent leakage.   
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2.3 THE CONSTANT CHANGES 
Within the pharmaceutical industry there are few constant variables. New substitute groups are 

formed when the patent of a drug has expired. The number of substitute groups can therefore 

vary from month to month. Likewise, the number of generics within a substitute group can vary. 

Furthermore, the presence of alternative distributors makes it possible for manufacturers to 

change distributor. These constant changes constitute one of the factors that complicates and 

limits possible solutions. Still, the most noticeable changes are due to the product of the month 

and the substitution system.   

2.3.1 The substitution system 

As soon as the patent of a drug has expired it is allowed for other manufacturers to produce and 

sell copies of this drug. These copies are referred to as generics. Generics has the same active 

substance, dosage and package size as the original drug and can therefore safely replace the 

original. All generics can therefore be grouped into substitution groups containing all generics 

that can replace each other. Naturally, generics can be sold at a lower price than the original 

drug, since the generic producing companies has no research costs associated with this product. 

The presence of multiple identical products creates a scenario where the only competing factor 

is the product price and the availability. This competition thereby enforces price reduction and 

creates an opportunity for government healthcare cost reduction.  

This opportunity has led to the development of the substitution system. The substitution system 

is used by TLV to choose a generic to become the product of the month (PoM). PoMs are the 

cheapest generic within a substitution group that is available in sufficiently large quantities to 

cover the Swedish demand for at least one month. Subventions are larger for the PoMs than the 

alternative generics. Patients therefore benefit from changing their subscription to the PoM. 

This concentrates the demand to the PoMs and decreases government healthcare costs.  

The choice of PoMs is a three-month process that is performed each month. Thus, new PoMs 

are choosen each month. All manufacturers with new generics must apply to be included in the 

substitution system within the first month of this process. During the second month 

manufacturers demonstrates their product availability by confirming to TLV that they can 

satisfy the Swedish market for one month. The manufacturers also provide TLV with a price 

offer. TLV then generates a preliminary list of PoMs. This list becomes decisive approximately 

two weeks before the third month. During the third month, the new PoMs are implemented. 

The previous month PoMs can then be sold for fifteen days before they are considered regular 

generics. Within this three-month process TLV also choses reserves. Reserves are generics that 

can replace the PoM if the availability of the PoM is unsatisfactory.  

Generally, there is one PoM for each substitute group, but in rare occasions there can be two or 

even three PoMs within the same substitution group. This occurs in scenarios where multiple 

manufacturers have confirmed their product availability and has given the same price offer to 

TLV. Instead of choosing one, TLV considers all as PoMs. There are also scenarios where there 

exists no PoM for a substitution group. This can occur if none of the manufacturers has 

confirmed their product availability.          

Manufacturers only “promise” that they are capable to satisfy the Swedish demand to confirm 

their product availability. Evidence such as inventory levels is never required. Since being the 

manufacturer of a PoM grants a significant boost in sales, manufacturers would always state 

that they are capable to do so if it were not for the penalty charges. Penalty charges are applied 
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if a manufacturer of a PoM has failed to provide their generic in sufficient quantities. The PoM 

is replaced with one of the reserves if TLV assess that the manufacturer of the PoM is 

uncappable of satisfying the demand. The manufacturer then receives a penalty charge. 

Pharmacies are obligated to report availability shortcomings of the PoMs to aid this assessment.      

The formation of the substitute groups can be seen as a sorting of products with the patient in 

focus. A patient that has been prescribed a drug within a substitute group can replace the 

prescribed drug with any generic within this substitute group. Pharmacies will therefore inform 

the patient which generic is the cheapest alternative available at the time. By choosing the 

cheapest alternative the patient saves money as well as tax money spent on health care and 

subventions by the government. The patient is however never forced to replace their prescribed 

drug with the cheapest alternative. They are free to demand any generic. Should a patient choose 

a generic that is not the cheapest alternative the subventions and high-cost protection will be 

reduced. One should also note that not all generic replacements are recommended. The demand 

is therefore never restricted to the cheapest alternative.  

2.4 AVAILABLE DATA 
There are two main sources of data available that provides historical sales statistics, the IMS 

data and the sales data stored within the business software, from now on referred to as sales 

data. Although the two sources store similar data there are some key differences. The IMS data 

is the sales from pharmacies to the end customer. The sales data is instead the sales from 

distribution centres to pharmacies. The IMS data is aggregated over one month periods and can 

therefore not provide information concerning day to day sale. Neither does it provide 

information regarding sales from specific regions since it is aggregated over all regions. The 

IMS data simply provides one sales value for each product for each month. The sales data on 

the other hand contains all sales orders unaggregated and can thus provide more detailed data. 

However, in contrast to the sales data, IMS data contains information of sales from product 

distributed by competitors.  

The sales of a generic are dependent on whether this generic is the PoM or not. The information 

regarding which generic is the PoM is however neither provided by the IMS data nor the sales 

data from the business software. This information can instead be obtained by substitution list 

provided by TLV at their webpage (Tandvårds- och läkemedelsförmånsverket, 2015). These 

lists specify the PoM of each substitution group as well as the chosen reserves.     

2.5 EXPERIENCED SHORTCOMINGS AND CHALLENGES 
As previously mentioned, the studied company estimates the future demand with forecasts and 

dimensions the inventories at the distribution centres based on these estimations. These 

forecasts are considerably limited by the substitution system. The forecasts and inventory levels 

are critically dependent on whether the considered generic is a PoM or not, since the demand 

is generally much higher for PoMs. Therefore, estimations of the future demand of any generic 

requires knowledge of which generic will be the PoM. This information is only known 

approximately two weeks ahead. Neither the manufacturers, the distributers, TLV nor the 

pharmaceutical firms know which generic will be the PoM earlier than this. Therefore, forecasts 

of the demand of generic with a time horizon longer than this period is likely to be inaccurate. 

An accurate estimation is always of great value but it becomes even more so due the substitution 

system. Since the PoM can change every month, the demand of a generic can fluctuate heavily 
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between months. The inventory levels at the distribution centres is likely to be oversized just 

before a change of PoM if the demand of a PoM is overestimated. This can result in scenarios 

where the company is stuck with large inventories of generics no longer considered PoMs. 

These inventories will still require large storage spaces although the demand of this generic has 

plummeted. These scenarios become extra tedious since the distribution centres experiencing 

lack of storage space.  

Products are placed in proximity to the package stations at the distribution centres. This is done 

to minimize movements as well as to improve the ergonomics.  To decide which product to 

allocate to what location requires the consideration of multiple factors. One of these factors is 

the demand rate. Products frequently demanded should be placed in proximity to the package 

station while products less frequently demanded can be placed further away. Following this 

logic, it´s evident that a PoM should be closer to the package station then the alternative generics 

within the same substitute group. But since the PoM can change every month, product 

placement must also be re-evaluated and changed regularly. Such movement increases the risk 

of damaged goods and could cause uncertainties regarding the location of a specific generic.  

Generally, the substitution system invokes a pulsing demand throughout the supply chain. All 

pharmacies must be able to provide patients with the pharmaceutical drug they desire within 24 

hours. This is true whether the requested drug is the PoM or not. To be able to do so the 

pharmacy firms generally store PoMs at the pharmacy, because of the high demand of PoMs. 

PoMs are however only guaranteed to be the PoM for a one month period, before new PoMs 

can be chosen. Therefore, most pharmacies have to resupply their inventories of the new PoM 

early during the month. This phenomenon creates a pike in sales during the first days of the 

months which travels upstream the supply chain and puts high pressure on the central 

warehouses prior to the change on PoMs.   

Another challenge that arises due the substitution system is the quick changes occurring when 

reserves replaces the PoMs. The demand will swiftly change from the PoM to the reserve if 

TLV decides to replace the PoM. The studied company needs to react quickly in these situations 

by supplying the distribution centres with the reserves. This is of course only true when the 

studied company distributes the replacing generic. It is possible in some cases to predict if a 

reserve is about to replace the PoM. This can be done by evaluating the inventory levels of the 

PoM at the central warehouses and distribution centres. Correct assessments can provide the 

company with the opportunity to smoothly replace the PoM with the reserve at the distribution 

centres. These predictions are however only possible when the PoM is distributed by the studied 

company since competitor inventory levels are unknown.     

Moreover, there are uncertainties regarding how multiple PoM splits the demand in the case of 

two or more PoM within the same substitute group. It seems unlikely that the combined demand 

within a substitute group is greater during month where there are multiple PoMs. This would 

indicate that the demand is somehow split between the PoMs. It is however unknown if the 

demand is evenly distributed or rather favours one of the PoMs.  
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3 THEORETICAL FRAMEWORK 

This chapter contains theories that has been of use during this project. The initial focus is on forecast 

where forecasting categories, techniques, accuracy measurements, tracking signals, etc. are described. 

Following are descriptions of inventory control where methods used to determine order quantities and 

reorder points are given.  

3.1 FORECASTING 
Forecasts are used to predict the uncertain outcome of a variable (Ghiani, Laporte, & 

Musmanno, 2013). These predictions are made to get an understanding of likely future 

scenarios which allows for planning in advance for these scenarios (Arnold, Chapman, & Clive, 

2014). Several logistics and supply chain management decisions are therefore dependent on 

forecasts. Purchasing, facility location, inventory and distribution are some examples of such 

decision areas (Ghiani, Laporte, & Musmanno, 2013).      

3.1.1 Forecast categories 

Forecasting methods can be classified and grouped based on the methods characteristics. As an 

example, forecast methods can be defined as either quantitative or qualitative (Ghiani, Laporte, 

& Musmanno, 2013). A forecast is defined to be qualitative or quantitative depending on what 

data the forecast is based on. Quantitative methods are based on historical data of the variable 

to be forecasted, and can thus be used whenever such data is available (ibid). Qualitative 

methods are instead based on expert judgements or intuitions, and are therefore considered 

subjective (Arnold, Chapman, & Clive, 2014). These methods are suitable for long-term 

forecasting or when historical data is unavailable (Ghiani, Laporte, & Musmanno, 2013). Some 

benefits of qualitative methods are that they need no historical data and can contemplate more 

factors such as political changes, market changes and changes in the global economy (ibid). 

Examples of qualitative methods are, management judgement, market research and the Delphi 

method (ibid). This project concerns forecast of short-term demand of specific products, a 

forecasting objective which qualitative forecasting methods are unsuitable for (Arnold, 

Chapman, & Clive, 2014). Therefore, focus has been on quantitative forecasting methods.    

Quantitative methods can be further classified as either being extrinsic or intrinsic (Arnold, 

Chapman, & Clive, 2014), also referred to as casual and extrapolation methods (Ghiani, 

Laporte, & Musmanno, 2013). Extrinsic methods, or casual methods, are forecasting methods 

that project a variable based on the current or historical value of other variables (ibid). These 

methods are suitable when there is a known correlation between one or more variables and the 

forecasted variable (ibid). The advantage of using such methods is the ability to anticipate 

numerous factors which provides flexible forecast able to foresee fluctuations (ibid). 

Disadvantages are the difficulties of finding variables correlating to the future value of the 

forecasted variable (Arnold, Chapman, & Clive, 2014). Intrinsic methods, or extrapolation 

methods, are based on historical data of the same variable that is to be forecasted (Arnold, 

Chapman, & Clive, 2014). These methods assume that the historical patterns of the variable 

gives an indication of future patterns (Ghiani, Laporte, & Musmanno, 2013).         
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3.1.2 Demand models 

Intrinsic forecasting methods used to predict future demand can be further categorized based 

on what demand model is assumed (Axsäter, 2006). Demand models indicates how the demand 

can be expected to change over time. Demand models described by Axsäter (2006) are the 

constant model, assuming neither trend nor seasonal variations, the trend model, only assuming 

a trend, and the trend-seasonal model, assuming both trend and seasonal variations (ibid). 

Methods assuming seasonal variations without trend are however also available (Ghiani, 

Laporte, & Musmanno, 2013) (Gardner, 2006), indicating a forth demand model in this paper 

referred to as the seasonal model. These four demand models are described below as well as a 

short description of some alternative demand models. The demand models are described using 

the variables defined in Table 1. 

Table 1 Variables used to describe demand models.  

𝑡 The considered period.  

𝑦𝑡 The demand at period t. 

𝑎 The constant demand level. 

𝑏 The trend, i.e. the demand increase/ decrease per period. 

𝑆𝑡 The seasonal index for period t. Describes how seasons influences the demand. 

𝜀𝑡 A random variable with a mean that equals zero. 

 

The constant demand model assumes that the demand is neither effected by a trend nor 

seasonal variations. Examples of forecast methods suitable for these assumptions are the 

moving average and the simple exponential smoothing (Axsäter, 2006), as well as the weighted 

moving average (Ghiani, Laporte, & Musmanno, 2013). The demand is expressed as (Axsäter, 

2006) 

𝑦𝑡 = 𝑎 + 𝜀𝑡.   3.1 

The trend model assumes that the demand is effected by a linear trend but no seasonal 

variations. Forecasting methods suitable for these assumptions are the exponential smoothing 

with trend (Axsäter, 2006), also referred to as the Holt method (Ghiani, Laporte, & Musmanno, 

2013), the linear regression method and the double moving average method (ibid). Using this 

model the demand can be expressed as (Axsäter, 2006) 

𝑦𝑡 = 𝑎 + 𝑏𝑡 + 𝜀𝑡.  3.2 

The seasonal model assumes that the demand has no trend but is influenced by seasonal 

variations. A suitable forecasting method for this demand model is the revised exponential 

smoothing method (Ghiani, Laporte, & Musmanno, 2013). Although Axsäter (2006) does not 

provide a description of this demand model it is evident, studying methods described by 

Gardner (2006), that the demand can be expressed as 

𝑦𝑡 = 𝑎𝑆𝑡 + 𝜀𝑡.  3.3 

The trend-seasonal model assumes that the demand is both influenced by a linear trend and a 

seasonal variation. Winters method (Ghiani, Laporte, & Musmanno, 2013), or Winters’ trend-

seasonal method (Axsäter, 2006), and the decomposition method (Ghiani, Laporte, & 

Musmanno, 2013) are some example of methods capable to handle such demand patterns. The 

demand can be expressed as (Axsäter, 2006)  
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𝑦𝑡 = (𝑎 + 𝑏𝑡)𝑆𝑡 + 𝜀𝑡.  3.4 

Other demand models. The four demand models described above are by no means the only 

demand models.  Methods suitable for the demand models above, such as the simple 

exponential smoothing, Holt´s linear method and the Holt-Winters method, are however the 

most well known methods (De Gooijer & Hyndman, 2006). This indicates that the demand 

models described above are parhaps the most well known and assumed models. Examples of 

other demand models are models that instead of assuming multiplicative seasonality, such as 

the seasonally adjusted models above, assumes additive seasonality (Gardner, 1985). Additive 

models should be more suitable when the aplitude of seasonal variations are not influenced by 

of the level of sales (Winters, 1960). Nevetheless, it is more common that the amplitude of 

seasonal variations do depend proportionally to the level of sales (ibid). Thus indicating that 

multiplicative methods are generally more suitable. Moreover there are developed forms of the 

simple exponentiall smoothing method, developed for demand models influenced by a 

multiplicative trend rather than a linear trend (Gardner, 1985). Also refered to as additive trends 

(Gardner, 2006). Finally there are forms of the simple exponentiall smoothing method 

developed to suit both damped additive trend and damped miltiplicative trends (ibid).  

To sum up, the demand models are generally composed by a “trend modell” and a “seasonal 

modell”. Five trend models are avialable: no trend, additive trend, damped additive trend, 

multiplicative trend and damped muliplicative trend. Three seasonal models are available: no 

seasonality, additive seasonality and multiplicative seasonality. All together, these trend and 

seasonal models can be combined into 15 different demand modells. There are developed forms 

of the exponentiall smoothing method suitable for each of these 15 demand modells. (Gardner, 

2006)   

 

3.1.3 Forecasting methods 

The moving average method (Segerstedt, 2008) or simple moving average method (Ghiani, 

Laporte, & Musmanno, 2013) estimates the future value of the forecasted variable as the mean 

of r most recent sales data entries, 𝑦𝑇. The method assumes a constant demand model (Axsäter, 

2006). The one period ahead forecast, 𝑃𝑇+1, is obtained by (Ghiani, Laporte, & Musmanno, 

2013) 

𝑃𝑇+1 = ∑
𝑦𝑇−𝑘

𝑟

𝑟−1
𝑘=0 .  3.5 

The number of past observations r used to produce the forecast affects the characteristics of the 

forecast. With a small number of observations, the forecast is more prone to react to structural 

changes in the demand but also less resistant to stochastic variation. In extension, such a 

forecast is likely to mistake random fluctuations in demand for structural changes. In contrast, 

if a large amount of observations r is used to produce the forecast it will act robustly against 

stochastic fluctuations, but also adapt slowly to changes. (Ghiani, Laporte, & Musmanno, 2013)       

   

The weighted moving average method is an extension of the simple moving average method. 

Like the moving average method, this method produces a forecast composed by the mean of 

the most recent sales data entries, 𝑦𝑇. In contrast, however, this method assigns weights to each 

data entry such that the most recent data entries have a greater impact on the forecast then old 
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data entries. The one period ahead forecast, 𝑃𝑇+1 , is calculated using the equation below. 

(Ghiani, Laporte, & Musmanno, 2013) 

𝑃𝑇+1 =
∑ 𝑡𝑦𝑡

𝑇
𝑡=1

∑ 𝑡𝑇
𝑡=1

  3.6 

The exponential smoothing method, also referred to as the Brown method, (Ghiani, Laporte, 

& Musmanno, 2013), or the simple exponential smoothing method (Gardner, 1985), assumes a 

constant demand model (Axsäter, 2006). The updating procedure uses a smoothing constant α 

to combine the past forecast, 𝑃𝑇 ,with the most recent data entry, 𝑦𝑇. The one period ahead 

forecast, 𝑃𝑇+1, is obtained by (ibid)  

𝑃𝑇+1 = 𝛼𝑦𝑇 + (1 − 𝛼)𝑃𝑇 .  3.7 

The smoothing constant α is limited to the interval [0;1]. It denotes how much the forecast will 

depend on the past forecast, and how much it will depend on the most recent data entry (Axsäter, 

2006). Using 𝛼 = 0 would simply yield a forecast identical to the previous forecast whereas 

using 𝛼 = 1 would yield a forecast identical to last data entry (ibid). Intriguingly, this would 

mimic the forecast method that is sometimes referred to as the naïve method (De Gooijer & 

Hyndman, 2006). The choice of 𝛼 influences the characteristics of the forecast. A high value 

would result in a forecast more keen to adapt to demand changes but also more influenced by 

stochastic fluctuations (Segerstedt, 2008). In practise, the smoothing constant is commonly set 

to 0,1-0,3 (ibid). Some advantages with this method are that the forecast is easy to compute and 

requires minimal data (Holt, 2004). Furthermore, it is stated that the forecast is commonly used 

in industry, and is suitable for short term forecasting (Gardner, 1985). Seemingly, this method 

constitutes a foundation on which numerous new forecasting methods has been developed. 

Examples of such developments are the extended versions of the exponential smoothing method 

suitable for demand influenced by both seasonal variations and trends (Winters, 1960) and 

(Holt, 2004). For a broader view of the developed forms of the exponential smoothing method 

see Gardner (1985) and Gardner (2006).             

Holt´s method is a developed form of the exponential smoothing method that assumes that a 

trend influences the demand. Consequently, the forecast is composed of two estimates. One that 

estimates the demand level 𝑎𝑇, and one that estimates the trend 𝑏𝑇. The forecast for 𝜏 periods 

ahead, 𝑃𝑇+𝜏, is given by (Ghiani, Laporte, & Musmanno, 2013)  

𝑃𝑇+𝜏 = 𝑎𝑇 + 𝑏𝑇𝜏.  3.8 

Here 𝜏 indicates the forecast horizon, thus the one period ahead forecast is given by 𝑃𝑇+1 =

𝑎𝑇 + 𝑏𝑇. 𝑎𝑇 and 𝑏𝑇 is computed through (Ghiani, Laporte, & Musmanno, 2013) 

𝑎𝑇 = 𝛼𝑦𝑇 + (1 − 𝛼)(𝑎𝑇−1 + 𝑏𝑇−1)  3.9 

𝑏𝑇 = 𝛽(𝑎𝑇 − 𝑎𝑇−1) + (1 − 𝛽)𝑏𝑇−1.  3.10 

Croston´s method is another example of a developed form of the exponential smoothing 

method. This method is developed to be suitable for the unique scenario of intermittent demand. 

Intermittent demand essentially means that demand does not regularly occur each time period. 

Using the simple exponential smoothing method to forecast intermittent demand would yield 

underestimated demand for period where demand occur and a overestimation of the long run 

average demand (Gardner, 1985). Intermittent demand can therefore be troublesome to forecast 
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and can cause problems in inventory control systems (Syntetos & Boylan, 2001). It is therefore 

recommended to use methods such as Croston´s method instead of traditional forecasting 

methods in the case of intermittent demand (Gardner, 2006). Croston´s method involves the 

estimation of two parameters, the estimated demand given that demand will occur 𝑧�̅�, and the 

estimated time in between the occurrence of demand �̅�𝑇 (Croston, 1972). Both estimations are 

updated using a smoothing parameter α. The forecasted demand per time period, 𝑃𝑇, is gained 

through 

𝑃𝑇 =
�̅�𝑇

�̅�𝑇
.   3.11 

Forecasts using the equation above were later shown to be biased. Equation 3.11 was therefore 

later adjusted to (Syntetos, Boylan, & Croston, 2005) 

𝑃𝑇 = (1 −
𝛼

2
)

�̅�𝑇

�̅�𝑇
.  3.12 

Both the estimated size of the demand 𝑧�̅� and the estimated time between the occurrence of 

demand �̅�𝑇 is only updated after time periods where demand has occurred (Syntetos, Boylan, 

& Croston, 2005).       

 

3.1.4 Forecast errors and accuracy measurements 

When a forecast has been established it is important to review it to make sure that the forecast 

is not based on false assumptions or hypothesis no longer reasonable (Ghiani, Laporte, & 

Musmanno, 2013). This could be done by studying the forecast errors (ibid). Forecast error 

could ether be considered stochastic or systematic (Arnold, Chapman, & Clive, 2014). 

Intuitively, the forecast errors, 𝑒𝑡, are obtained by 

𝑒𝑡 = 𝑦𝑡 − 𝑃𝑡.   3.13 

Where 𝑒𝑡 is the forecast error occurring in time period t, 𝑦𝑡 is the actual demand during time 

period t and 𝑃𝑡 is the forecasted demand during time period t. Following is a description of both 

stochastic and systematic errors. It is described how they are measured and how the monitoring 

of them can support inventory management decisions and lead to improved forecasts.  

Stochastic forecast errors occur due to variations in demand that cannot be explained by a 

trend, seasonality, or other factors. Some forecast errors are therefore unavoidable and must be 

allowed (Arnold, Chapman, & Clive, 2014). It is however of value to analyse the stochastic 

errors to get an understanding of what errors can be consider natural. The traditional way to 

describe stochastic variables in statistics is to calculate the standard deviation 𝜎 and the mean 

µ (Axsäter, 2006). In context of forecast errors, it is instead common to replace the standard 

deviation with the mean absolute deviation (MAD) (ibid). The MAD value is obtained through 

equation 3.14 (Ghiani, Laporte, & Musmanno, 2013).   

𝑀𝐴𝐷𝑇 =  
∑ |𝑒𝑡|𝑇

𝑡=2

𝑇−1
.  3.14 

Accuracy measurements such as the MAD value can be used to support the decision of which 

forecasting method to use (Ghiani, Laporte, & Musmanno, 2013). The theory is that the forecast 

method resulting in the lowest MAD value will produce the lowest errors in the future. It is also 

commonly used to tune forecast parameters such as the smoothing constant α used in the simple 
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exponential smoothing method (Ghiani, Laporte, & Musmanno, 2013). The most suitable α can 

be found by calculating the MAD value while gradually increasing α from 𝛼 = 0 to 𝛼 = 1 

(ibid). There is a linear relationship between MAD and the standard deviation that can be 

expressed as (Axsäter, 2006) 

𝜎 = 𝑀𝐴𝐷√
𝜋

2
   3.15 

This relationship is sometimes simplified as (Trigg, 1964) 

  
𝜎 ≈ 1,2 𝑀𝐴𝐷  3.16 

This relationship is used in numerous activities such as determining adequate safety stocks, 

(Axsäter, 2006), and providing prediction intervals that contributes to the forecast usability 

(Chatfield, 1993). These topics will be addressed later in this chapter.   

Other accuracy measurements are also available such as the mean square error (MSE), and the 

mean absolute percentage deviation (MAPD) (Ghiani, Laporte, & Musmanno, 2013). De 

Gooijer & Hyndman (2006) provides a list of 17 different accuracy measurements commonly 

used in forecast. However, MAD, MAPD and MSE has been the mesurements most commonly 

encoutered during this literature review. The MSE and MAPD are obtained by (Ghiani, Laporte, 

& Musmanno, 2013)  

𝑀𝑆𝐸𝑇 =  
∑ 𝑒𝑡

2𝑇
𝑡=2

𝑇−2
  3.17 

And 

𝑀𝐴𝑃𝐷𝑇 =  
∑

|𝑒𝑡|

𝑦𝑡

𝑇
𝑡=2

𝑇−1
  3.18 

Since the MAPD is a percentage value it can be used to compare the quality of different 

forecasts. The quality of the forecast can be rated as “Very good” if the MAPD is below 10%. 

“Good” if MAPD is within [10%;20%]. Moderate if MAPD is within [20%;30%] and Poor if 

MAPD is above 30% (Ghiani, Laporte, & Musmanno, 2013).   

 

3.1.5 Forecast revision  

The accuracy measurement previously described can be used to assess the magnitude of forecast 

errors. However, none of the accuracy measurements described will indicate the occurrence of 

systematic errors.     

Systematic forecast errors, or biased errors (Trigg, 1964), occurs if the forecast is based on 

false assumptions. These errors should be avoided to enhance the precision of the forecast.  

Forecast error that is continuously positive or negative is a typical systematic error (Arnold, 

Chapman, & Clive, 2014). This can occur if the demand is influenced by a trend that has not 

been considered in the forecast (Trigg, 1964). To evaluate if the forecast is biased it is essential 

to monitor the forecast errors. A process that ideally should be performed automatically by the 

forecasting system (ibid).  
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Tracking signals is an example of a method used to monitor the forecast (Trigg, 1964). R. G. 

Brown developed the first tracking signal ever used in forecasting (Gardner, 1985). Using this 

method, the sum of the forecast errors are calculated after each forecast update and compared 

with the MAD value (Trigg, 1964). The tracking signals are obtained by (Ghiani, Laporte, & 

Musmanno, 2013): 

𝐾𝑇 =
∑ 𝑒𝑡

𝑇
𝑡=2

𝑀𝐴𝐷𝑇
   3.19 

 

Where 𝐾𝑇 is the tracking signal computed at time period T, 𝑒𝑡 is the forecast error generated in 

time period t and 𝑀𝐴𝐷𝑇  is the MAD value calculated in time period T. A tracking signal 

exceeding zero would indicate that the forecast systematically underestimates the demand. A 

tracking signal below zero would instead indicate that the forecast systematically overestimates 

the demand (Ghiani, Laporte, & Musmanno, 2013). It is evident that the sum of errors will not 

always be equal to zero. Therefore, the forecast is not considered biased until the tracking signal 

fall outside a predefined interval. Usually this interval varies between ±2 and ±5 (ibid). 

Although this method is commonly proposed in literature, (Arnold, Chapman, & Clive, 2014) 

(Ghiani, Laporte, & Musmanno, 2013) and (Segerstedt, 2008) it has some flaws demonstrated 

by Trigg (1964). One of these flaws can occur if the forecast accuracy suddenly increases. This 

would reduce the MAD value whilst maintaining the same sum of the errors, ironically, 

resulting in an increased tracking signal which could yield false alarms (ibid).  Furthermore 

Trigg (1964) states that the tracking signal will not necessary return within the limits although 

the forecast has been altered to regain control. With regards to these flaws Trigg (1964) 

proposes that the sum of errors should be reset to zero once the forecast has been altered due to 

a triggered alarm. Moreover, it is proposed that smoothed errors, �̂�𝑡, are used instead of the sum 

of errors. The smoothed errors as well as the MAD value are proposedly updated similarly to 

the simple exponential smoothing method (Trigg, 1964) 

�̂�𝑡 = (1 − 𝛼)�̂�𝑡−1 +  𝛼𝑒𝑡  3.20 

𝑀𝐴𝐷𝑡 = (1 − 𝛼)𝑀𝐴𝐷𝑡−1 +  𝛼𝑒𝑡. 3.21 

The ratio between MAD and the smoothen error is then used as a tracking signal (Trigg, 1964) 

𝐾𝑇 =
�̂�𝑡

𝑀𝐴𝐷𝑇
.   3.22 

Using the smoothen errors instead of the sum of errors ensures that the numerator as well as the 

denominator decreases should the accuracy of the forecast suddenly increase.  It is further 

proposed that the limits for the tracking signal are determined based on the 𝛼 used to update 

both the MAD and the Smoothen errors (Trigg, 1964). More convenient, however, is perhaps 

the limit proposed by Axsäter (2006). Axsäter (2006) describes similarly to Trigg (1964) that 

the smoothen errors compared with the MAD value could be used to determine if the forecast 

is biased. Rather than calculating a tracking signal it is proposed that the following test is 

performed (Axsäter, 2006) 

|�̂�𝑡| < 𝑘𝑀𝐴𝐷𝑡  3.23 

It is suggested that the parameter k is initially set as 0,5 (Axsäter, 2006). Thus, the forecast is 

considered biased if the absolute value of the smoothen error exceeds 0,5 MAD.  This would 
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indicate the limits −0,5 <  𝐾𝑇 < 0,5 using the tracking signal proposed by Trigg (1964). It is 

recommended that the value of the parameter k is adjusted (Axsäter, 2006). Should the test yield 

to many errors it is recommended that parameter k is increased, should the test instead yield to 

few errors it is recommended that parameter k is decreased (Axsäter, 2006).   

 

Control charts is another example of monitoring techniques used to assess the forecasting 

errors. In contrast to tracking signals, control charts can be used to assess each forecast error 

individually. Historical forecast errors are plotted in the same order as they occur thus 

visualizing the development of the most recent forecast error. The control charts can also be 

equipped with control limits similar to those used for tracking signals. A confidence interval 

±𝑘𝜎𝑒  can be used as control limits.  This assumes that the forecast errors is a normally 

distributed variable with a standard deviation 𝜎𝑒. Commonly k is set equal to 3. The forecast 

can be deemed accurate if all plotted errors falls within this interval. Proposedly, the standard 

deviation is substituted by the sample mean 𝑆𝐸  which could, assuming that the forecast is 

unbiased, be approximated as the rot of the mean squared error. (Ghiani, Laporte, & Musmanno, 

2013) 

𝜎𝑒 ≈ 𝑆𝐸 ≈ √𝑀𝑆𝐸  3.24 

Since control chart illustrates more then just the most recent forecast error, it can be used to 

study the development of the errors. If error pattern such as a trend is discovered it indicates 

that forecast accuracy is continuously increasing or decreasing (Ghiani, Laporte, & Musmanno, 

2013). If the error pattern instead appears to be periodic it can indicate that the forecasted 

variable, the demand, is influenced by seasonal variations that has not been considered (ibid).  

Similar monitoring methods has been used in forecasts with adaptive smoothing of parameters 

(Gardner & Dannenbring, 1980). The method previously descrived performes a single test of 

the most recent errors. There are however methods that performes multiple test that examines 

errors from multiple periods simontaniously (ibid). Whybark (1973), referenced by Gardner & 

Dannenbring (1980), proposes that the forecast parameter should be adjusted if the forecast 

error exceeds ±4𝜎𝑒 or if two consequtive periods yiealds forecasting errors exceeding ±1.2𝜎𝑒. 

In such a system, errors can in multiple ways indicate that the forecast is biased. A similar 

method was developed by Western Electrics (Bergman & Bengt Klefsjö, 2012). This method 

utililez numerous test to evaluate if the plotted variable remains steady, or if it has changed 

(ibid). The possibility of such changes should be considered if any of the criterias below are 

fulfilled (ibid)  

• A plotted value exceeds ±4𝜎𝑒.  

• Two out of three consecutive values are within the interval [2𝜎𝑒 , 3𝜎𝑒] or [−3𝜎𝑒 , −2𝜎𝑒].  

• Four out of five consecutive values exeeds ±𝜎𝑒 and are on the same side of the central 

line.  

• Eight cosecutive values are on the same side of the central line.  

It should be noted that these types of control charts are in no sence exclusively utilized whithin 

forecasting, seemingly identical methods are used to monitor fluctuations in manufacturing 

processes (Bergman & Bengt Klefsjö, 2012).   
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Other monitoring techniques plotts the sum of erros, refered to as cumulated sum or “cusum” 

(Gardner, 1985). In one such technique, the consecutive sum of errors are plotted and assesed 

using a parabolic mask (Brown, 1971). The parabolic mask is centered above the most recent 

sum of errors with the arms of the parabola facing backwards (ibid). An exception is reported 

if any of past sums of errors falls outside of the parabola (ibid).   

 

3.1.6 Interval forecasting 

Forecasts has, as of yet, only been described as a point estimation of the forecasted variable. 

There are however techniques that aims to, instead of providing a point estimation, provide an 

interval which is likely to contain the future outcome of the forecasted variable (Ghiani, 

Laporte, & Musmanno, 2013). The use of interval forecasts, or prediction intervals, allows for 

the assessment of the future uncertainties, enables planning for likely future outcomes, and 

allows for more thorough comparisons of different forecasting methods (Chatfield, 1993). 

Axsäter (2006) provides a technique that can be used to assess the likeliness of the size of a 

forecast error. The MAD value as well as the corresponding standard deviation provides some 

understanding of how much we can expect the demand to deviate from the forecast, if the 

forecast operates well. If it is assumed that the forecast errors are normally distributed, the 

probability of future errors being within the interval [−𝑘𝜎, 𝑘𝜎] can be obtained by (Axsäter, 

2006) 

𝑃(|𝑒𝑡| < 𝑘𝜎𝑡−1) = Ф(𝑘) − Ф(−𝑘).  3.25 

Here Ф(∙)  denotes the cumulative normal distribution function. The values of Ф(𝑘)  are 

provided in Appendix 4. Since Ф(−𝑘) = 1 − Ф(𝑘)  (Axsäter, 2006) equation 3.25 can be 

expressed as 

𝑃(|𝑒𝑡| < 𝑘𝜎𝑡−1) = 2Ф(𝑘) − 1.  3.26 

As an example, Ф(1) = 0,8413 . Thus the probability of forecast errors being within one 

standard deviation is approximately 0,68, or 68%. This technique is recommended to use to 

assess if the most recent demand, or consequently the most recent error, can be considered 

reasonable. Seemingly, the equations above could also be used to produce prediction intervals. 

This is however not the intentions prescribed by Axsäter (2006). Instead it is recommended that 

the parameter k is set relatively high, meaning that the probability of generating forecast errors 

greater than 𝑘𝜎 is low. It is further recommended that the technique is used regularly to ensure 

that unnaturally large errors does not occur (ibid). If any error exceeds the limit it is possible 

that there has occurred an error in the forecast or in the demand. However, it is still possible 

that no errors, connected to the demand or the forecast, has occurred and the high forecast error 

is simply the result of the occurrence of a scenario with low probability (ibid).  

Ghiani, Laporte, & Musmanno (2013) describes a similar method that can be used to provide 

prediction interval with a given level of confidence for one period ahead forecast. The methods 

assume that the forecast errors can be described as a normally distributed random variable E 

with a standard deviation 𝜎𝑒  and a mean that equals zero. The confidence interval for the 

random variable E is given by (ibid) 

𝑃 (−𝑧 1−
𝛼

2
<

𝐸

𝜎𝑒
< 𝑧 1−

𝛼

2
) = 1 − 𝛼.  3.27 
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Where 1 − 𝛼 denotes level of confidence. The appropriate values for 𝑧 1−
𝛼

2
 is dependent on the 

desired level of confidence. Note that 𝑧 1−
𝛼

2
 is originally denoted 𝑧 

𝛼

2
. The alteration was made 

such that appropriate values can be obtained in Appendix 3. This method assumes that the 

standard deviation is known, which it usually is not. It is therefore proposed that the standard 

deviation 𝜎𝑒 is estimated by the within sample standard deviation 𝑆𝐸 and that the appropriate 

values from a normal distribution 𝑧 1−
𝛼

2
  is replaced by appropriate values from a t-distribution 

𝑡𝑇−2,1−
𝛼

2
. As before, the standard deviation 𝑆𝐸  is proposedly approximated as √𝑀𝑆𝐸 . Thus 

(Ghiani, Laporte, & Musmanno, 2013)    

𝑃 (−𝑡𝑇−2,1−
𝛼

2
<

𝐸

√𝑀𝑆𝐸𝑇
< 𝑡𝑇−2,1−

𝛼

2
) = 1 − 𝛼. 3.28 

The appropriate value of 𝑡𝑇−2,1− 
𝛼

2
 is determined both on the desired confidence level, 1 − 𝛼, 

and the degree of freedom 𝑇 − 2.  T denotes the number of observations used to calculate 

𝑀𝑆𝐸𝑇. Note that 𝑡𝑇−2,1−
𝛼

2
 is originally denoted 𝑡𝑇−2,

𝛼

2
 but has been altered such that appropriate 

values can be found in Appendix 5. The confidence interval for the forecast errors given above 

can then be used to formulate an equation for an interval forecast with a confidence interval of 

1 − 𝛼 (Ghiani, Laporte, & Musmanno, 2013) 

[𝑃𝑡+1 − 𝑡𝑇−2,1− 
𝛼

2
√𝑀𝑆𝐸𝑇 ;  𝑃𝑡+1 − 𝑡𝑇−2,1−

𝛼

2
√𝑀𝑆𝐸𝑇]. 3.29 

As an example, if the MSE has been calculated for a forecast using 12 observations and a 

confidence level of 90% is desired, the appropriate value 𝑡𝑇−2,1−
𝛼

2
 equals 1,8125 (Ghiani, 

Laporte, & Musmanno, 2013).  Seemingly similar methods exist that are capable of generating 

prediction interval for more than one period ahead  (Chatfield, 1993). A 100(1 − 𝛼)% 

prediction interval for k periods ahead is given by (ibid) 

𝑃𝑡+𝑘 ± 𝑧 
𝛼

2
𝑆𝑒,𝑘.  3.30 

Here 𝑆𝑒,𝑘 denotes the standard deviation of the k period ahead forecast errors. 𝑆𝑒,𝑘 should be 

estimated by applying the forecast method used on all historical data available, thus generating 

1, 2, 3... period ahead forecasts and forecast errors. The k period ahead forecast errors are then 

used to calculate the standard deviation 𝑆𝑒,𝑘. The value of 𝑆𝑒,𝑘 becomes untrustworthy if a small 

amount of historical data is available. It is therefore commonly proposed that the normal 

distribution function is replaced by appropriate values from a t-distribution. (Chatfield, 1993)  
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3.2 INVENTORY CONTROL 
Inventory control involves decisions models that are used to control and manage stock levels. 

The aim of inventory control is commonly to determine adequate inventory levels, batch sizes 

and safety stocks, by balance conflicting goals (Axsäter, 2006). Decision strategies used to 

determine controlling factors, such as the lot size and time of order, can vary considerably 

depending on the product considered (Ghiani, Laporte, & Musmanno, 2013). Products deemed 

to experience demand dependent of the demand of other products are commonly controlled 

with some methods, e.g. components rather then finished goods (ibid). Whereas products 

deemed to experience demand that is independent of others are commonly controlled using 

other methods (ibid). This project involves the inventory control of pharmaceutical drugs, i.e. 

finished goods. The demand of these products is deemed independent of one another. Methods 

suitable for dependent demand, such as material requirement planning, has therefore not been 

studied.         

 

3.2.1 Inventory control policies 

Replenishment of inventories can be controlled in multiple ways depending on the order policy 

used (Ghiani, Laporte, & Musmanno, 2013). Policies such as the (R,Q) policy, the (s,S) policy 

and the (S-1,S) policies are used to determine both when an order should occur and the size of 

the order (Axsäter, 2006). These decisions are typically based on the state of the current stock 

i.e. the inventory position (ibid). The inventory position is defined as the stock on hand, plus 

orders that has yet to arrive, minus backlogged orders (ibid). Order policies define at what 

inventory position an order should occur. This inventory position is sometimes referred to as 

the reorder point (ibid).  

The reorder point equals R units if the inventory is controlled using the (R,Q) policy. An order 

is placed once the inventory position is below this value. A fixed order quantity of Q units is 

then used to raise the inventory position above the reorder point R. The (s,S) policy also 

involves a reorder point although this policy denotes the reorder point by s rather than R. What 

differentiates the (s,S) policy from the (R,Q) policy is the reorder quantity. Instead of a fixed 

order quantity, the order size can vary using the (s,S) policy. Once an order is triggered a 

quantity sufficient to raise the inventory position to S units is placed. Thus, the size of the order 

is dependent on the inventory position at the time of order. A unique variation of the (s,S) policy 

is the (S-1,S) policy. This policy is essentially identical to the (s,S) policy where 𝑠 = 𝑆 − 1. 

Unique with this policy is the property that the order quantity equals the demand that has 

occurred since the previous order. (Axsäter, 2006) 

The properties of the order policies also differ depending on how the inventory position is 

monitored. Monitoring can either be performed continuously or periodically. If the inventory 

position falls below the reorder point it is instantaneously discovered with a continuous 

monitoring. An order is then placed immediately after this event has occurred. If instead the 

inventory is monitored periodically it may take some time before this is discovered. 

Consequently, the need for safety stock is greater if a periodic monitoring is used. (Axsäter, 

2006)  

The inventories studied in this project are monitored continuously and is controlled trough an 

(R,Q) policy. This chapter will therefore, hence forth, focus on methods suitable for this 

scenario.       
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3.2.2 Reorder quantity 

The Economic order quantity, EOQ, is a well-known method for determine appropriate lot sizes 

(Wagner & Whitin, 1958). The method origins from the work of Ford and Wilson, (Ford, 1913) 

and (Wilson, 1934). The objective of the method is to find the order quantity Q that would 

minimize the conjoint cost for ordering and storing a product. The general idea of the method 

is to generate a function of the total cost dependent of the lot size. The costs considered are the 

holding cost and the ordering cost (Axsäter, 2006). The following conditions are assumed (ibid) 

• The demand is constant and continuous.  

• The ordering and holding cost are constant over time. 

• The batch quantity does not need to be an integer. 

• The whole batch quantity is delivered at the same time. 

• No shortages are allowed.  

In these conditions the economic order quantity Q is obtained by (Axsäter, 2006) 

𝑄 = √
2𝐴𝑑

ℎ
.   3.31 

Where A is the ordering cost, d is the demand per time unit and h denotes the holding cost per 

unit and time unit (Axsäter, 2006). The method is, because of its simplicity, practical and 

commonly used (Segerstedt, 2008). Still, the method is sometimes criticised because of the 

conditions assumed (ibid).  

Numerous developed forms of the economic order quantity are available that replaces or 

eliminated some of the conditions assumed. Examples of such developments are the inclusion 

of quantity discounts (Axsäter, 2006). These methods assume a prize reduction if a larger 

amount is ordered (ibid). Some methods eliminate the assumption that the whole batch is 

delivered at the same time (Segerstedt, 2008). Instead, it is assumed that the replenishment rate 

is limited, e.g. inventories in connection to production with a limited production rate (ibid). 

Other methods allows shortages and defines a penalty cost that influences the economic order 

quantity (Axsäter, 2006). All method mentioned above however assumes that the demand is 

constant and, consequently, that the most benefitable order quantity is a fixed variable. In 

contrast to this, there are methods such as the Wagner-Within that assumes time varying 

demand (Wagner & Whitin, 1958). This method can be used to determine both the order size 

and timing of orders that would minimize both the holding and the ordering costs (Ghiani, 

Laporte, & Musmanno, 2013).   
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3.2.3 Reorder point 

The reorder point should be designed such that the demand during the lead time is accounted 

for. In the case of deterministic demand, i.e. the future demand is known, the reorder point is 

set to be equal to the demand that will occur during the lead time (Axsäter, 2006). The 

replenishment order will arrive just before stock out in such scenarios. When instead the 

demand is stochastic, rather than deterministic, a reorder point should also account for the 

uncertainties in demand. In extension, a safety stock is required to cope with the variations in 

demand. Guaranteeing no stock out, in such scenarios, is no longer feasible since this will 

require considerable investments in safety stocks (Wilson, 1934). Instead, the reorder point, and 

consequently the safety stock, should guarantee a desired degree of protection from stock outs 

(ibid). Axsäter (2006) also addresses this but denotes the desired degree of production as the 

service level. Furthermore, the author provides three definitions of service level (𝑆1, 𝑆2 and 𝑆3) 

and describes how the reorder point is influenced by the service level chosen. The definitions 

of the service levels are given below (from (Axsäter, 2006)): 

• 𝑆1 is defined as the probability that no stock out occurs during an order cycle.   

• 𝑆2 is defined as the fraction of demand that can be satisfied immediately from the 

stock on hand (also denoted the fill rate).  

• 𝑆3 is defined as the fraction of time with positive stock on hand (also denoted the 

ready rate).  

The service level definition 𝑆1 is the definitions that most closely reassembles the definition 

used at the studied company. This definition is commonly used in connection to continuously 

monitored inventories controlled by a (R,Q) policy (Axsäter, 2006). This literature review is 

therefore limited to methods used to determine the order point R that corresponds to this 

definition of service level. The definition of 𝑆1 is essentially the same as the probability that the 

demand during the lead time 𝐷(𝐿) is less than the reorder point 𝑅 (Axsäter, 2006). Thus, 

𝑆1 = 𝑃(𝐷(𝐿) ≤ 𝑅).  3.32 

This definition can be used to determine adequate reorder points and thereby safety stocks. This 

however, requires some understanding of how the demand fluctuates during the lead time. This 

is sometimes referred to as LTDD (lead time demand distribution) (McFadden, 1972). One 

example, is the assumption that the lead time demand is normally distributed with a mean of µ 

and a standard deviation of σ (Axsäter, 2006). With this assumption, the adequate safety stock, 

𝑆𝑆,  and reorder point, 𝑅, is obtained by (ibid) 

𝑆𝑆 = 𝑧𝑝𝜎   3.33 

And  

𝑅 = 𝜇 + 𝑆𝑆.   3.34 

Modelling the lead time demand as a normally distributed stochastic variable is a common 

approach (Axsäter, 2011). There are however numerous other alternatives. Some LTDD 

assumes that the demand during the lead time is the results of two stochastic variables. One that 

describes the arrival of customers and one that describes the size of the customers’ order 

(Axsäter, 2006). Other methods assume that the lead time as well as the demand per time unit 

is normally distributed (Ghiani, Laporte, & Musmanno, 2013). Some propose that the demand 

should be modelled as the result of three stochastic processes, the arrival of customers, the 
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demand size per order, and the lead time variation (McFadden, 1972). Furthermore, in contrast 

the normally distribution there are discrete demand distributions available (Axsäter, 2006). One 

example is to assume that the demand during the lead time 𝐷(𝐿) has a negative binominal 

distribution such that (ibid) 

𝑃 (𝐷(𝐿) = 𝑘) =
𝑟(𝑟+1)…(𝑟+𝑘−1)

𝑘!
(1 − 𝑝)𝑟𝑝𝑘 𝑓𝑜𝑟 𝑘 = 1,2 … 3.35 

And 

𝑃 (𝐷(𝐿) = 0) = (1 − 𝑝)𝑟 .   3.36 

Where 

𝑝 = 1 −
𝜇

𝜎2
    3.37 

𝑟 = 𝜇
(1−𝑝)

𝑝
.    3.38 

The method above essentially assumes that the demand per time unit is composed by two 

stochastic variables, the customer arrival, and the size of the customers’ order. The customers 

are assumed to arrive according to a Poisson process, whereas the demand size is assumed to 

have a logarithmic distribution. Alternatively, it is proposed that if the customers constantly 

demand one unit per order, the arrival of customers would equal the demand. Thus, the demand 

during the lead time can be assumed to be distributed according to a Poisson distribution. In 

which case (Axsäter, 2006)      

𝑃 (𝐷(𝐿) = 𝑘) =
𝜆𝑘

𝑘!
𝑒−𝜆   3.39 

Where 𝜆 is the customer arrival intensity during the lead time L (Axsäter, 2006).    

  

The large amount of available LTDDs leads to the question of what LTDD is preferable? An 

appropriate LTDD can be chosen depending on the ratio between the variation and the mean of 

the demand (Axsäter, 2006). Assuming a Poisson distribution is deemed convenient, and is 

reasonable if  
𝜎2

𝜇
≈ 1  (ibid).  The negative binomial distribution is however deemed more 

efficient for 
𝜎2

𝜇
> 1,1  (ibid). Assuming a normally distributed demand is common, and 

considerably more convenient then the discrete distribution (Axsäter, 2006). However, 

assuming normal distribution when the average demand during the lead time is low can lead to 

substantial errors (Axsäter, 2011).  It is therefore recommended that the normal distribution is 

avoided if the average demand during the lead time is less than 10 units (ibid).           
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4 METHOD 

This chapter provides a description of the course of action. The different stages of the project are 

explained as well as the methods used during these stages.  

4.1 COURSE OF ACTION 
This project was divided into five stages, Project planning, Context immersion, Literature 

review, Data analysis and Concept development. Each step contains activities that was crucial 

for the success of the project. An iterative approach was chosen to force the progression of these 

stages. The stages were therefore expected to be executed in succession of each other. But the 

iterative approach allowed for revaluations of results from previous stages.      

4.1.1 Project planning 

The project progression was planned during the project planning phase. Stages and activities 

that were deemed crucial for the project were identified and the requirement for these activities 

was evaluated. Activities dependent of other activities were thereby identified and could be 

planed such that lack of context information, theoretical knowledge, or other resources did not 

interrupt the progression. The time requirement for the major activities and stages were 

evaluated and compared with the available time. This allowed for the construction of a Gantt 

chart.  

 

This phase also included defining the project scope and objective. The initial objective was to 

improve the handling of the product of the month. This rather broad objective had to be 

narrowed down so that concrete research questions could be formed. To do so a focus area had 

to be chosen. Problems in connection to the substitutions system and the product of the month 

were therefore investigated. This was done through unstructured interviews with the employees 

at the company, see 4.2.3 Interviews and 4.2.5 The chosen methods. The focus area chosen was 

the inventory levels at the distribution centres. The general conception was that the inventories 

at the distribution centre where oversized. Possible causes for this, including the forecast 

accuracy and the inventory control system, were identified using methods inspired by the 

Ishikawa template (Osvalder, Rose, & Karlsson, 2010). The possible causes were then used to 

define the research questions previously mentioned, see 1.2 Objectives.                     

4.1.2 Context immersion 

During the context immersion phase, unstructured and semi-structured interviews were 

conducted with personnel of interest at the studied company, TLV and a pharmaceutical firm. 

The interviews aimed to survey the supply chain. The structure of these interviews and the 

interviewees is given in section to 4.2.5 The chosen methods. The TLV webpage, (Tandvårds- 

och läkemedelsförmånsverket, 2015), as well as documents provided by TLV, 

(Läkemedelsverket och Tandvårds- och läkemedelsförmånsverket, 2014) has been studied to 

gain contextual knowledge regarding the substitution system. This phase gave an overview of 

the needs and limitations throughout the supply chain. Furthermore, context immersion gave an 

understanding of the currently used methods. Knowledge that was essential to answer the 

research questions. Contextual knowledge gained during this phase is described in section 2 

Context.  
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4.1.3 Literature review 

The theoretical knowledge required for the study was gained through both books and articles. 

Theories and fundamental knowledge related to the project was identified through a literature 

review. Section 4.2.5 The chosen methods contains a description of how the literature review 

was conducted.  Relevant theories and methods encountered during the literature review are 

presented in section 3 Theoretical framework.  

4.1.4 Data analysis 

The contextual knowledge gained from the context immersion phase was analysed during the 

data analysis. The current methods used, such as the forecast, calculations of the reorder point 

and the calculations of the reorder quantity, were compared with theories and methods 

encountered during the literature review. Theories and assumptions that the current method was 

founded on could thus be identified. I.e. the first research question was answered. This phase 

also included the assessment of these assumptions. Different approaches were used to assess 

the assumptions. Some assessments were based on theories provided by the literature review, 

whereas other where assessed through numerical studies of data. Together these assessments 

constitute the answer to the second research question.   

The numerical studies were limited to only study a proportion of all substitute groups. The 

studied substitute groups were chosen through an analysis of the past year sales data provided 

at the TLV webpage (Tandvård- och läkemedelsförmånsverket, 2016). Substitute groups that 

together constituted 20% of all sales were chosen for further studies. Generics that had been 

within these substitute groups where identified through list of generics from the past years, also 

provided by the TLV webpage. Sales data, provided by IMS and the business software, from 

all these generics where then gathered and analysed to assess whether the assumptions were 

reasonable. The procedure of the analyses and the results are described in section 5 Results.   

4.1.5 Concept development 

During the concept development, a new forecasting approach was developed with regards to 

the assumptions. Some assumptions where removed whilst others were altered. The concept 

was founded on theories encountered during the literature review and the knowledge gained 

from the assessment of the current assumptions. The aim of this phase was to answer the third 

research question. The resulting concept is presented in section 5.4 An alternative forecast 

approach.          

4.2 METHOD THEORY 
A project such as this should be conducted in a scientific manner. Meaning that the results, 

analyses and data provided by this report should be characterized as thorough, objective and 

balanced (Ejvegård, 2002). 

A project characterized as thorough provides information that is true and correct. This is 

achieved by verifying the information provided by the sources used. Trough verification, an 

author can ensure that information presented is not influenced by other authors misconceptions. 

Using the source of origin to verify data is a recommended method. Academic journals and 

dissertations are other sources that generally provide verified information. (Ejvegård, 2002) 

To be truly objective, or unbiased, meaning taking no sides and presenting all views of a topic, 

is almost impossible. Unconscious prejudices and preconceptions are hard to identify but can 
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influence our view of a topic. Objectivity should be strived for whenever a controversial subject 

is studied, that is, a subject where there obviously are multiple opinions or points of view. In 

such cases aspects from all points of view must be presented. Alternatively, the author could 

choose to only provide one point of view and clarify that this has been done. It is also important 

to evaluate the objectivity of sources used to ensure that the information given is not influenced 

by the authors biased opinions. This is especially vital for information gained through internet. 

(Ejvegård, 2002) 

The term balanced is somewhat intertwined with the previous terms, objective and thorough. 

In short it means that focus should be on essential results, finding and conclusions, not on 

insignificant details. (Ejvegård, 2002) 

4.2.1 Theory and empirics 

A researcher aims to develop theories applicable to the reality.  These theories are commonly 

based on knowledge gained from studying the reality, empirical knowledge. There are 

therefore, within research, a relationship between the empirics and the theories. This 

relationship can vary depending on the intensions of the study. Commonly the relationship can 

be described as either deductive, inductive or abductive. (Ejvegård, 2002) 

Deductive research aims to test or prove available theories (Patel & Davidson, 2010). One or 

more hypothesises are formed based on available theories within the subject. These hypotheses 

are then tested on empirics from a studied case (Bryman, 2011). The objectivity of deductive 

research is assumed to be guaranteed by the fact that the research is based on already available 

theories (Patel & Davidson, 2010). This ensures that result from the study is less effected by 

one researchers subjective opinions (ibid).  

With an inductive approach, theories are the results of empirical studies (Bryman, 2011). An 

inductive approach allows the researcher to study an object without attachments to available 

theories (Patel & Davidson, 2010). It is difficult to assess the generality of theories formed by 

inductive research since they are formed based on empirics from a specific situation (ibid). 

Furthermore, the result from inductive research is likely to be influenced by the researcher’s 

subjective opinions and ideas (ibid).  

Abductive research is a combination of both inductive and deductive research. With this 

approach a hypothesis, or a theory, is first formed based on the empirics from a single situation. 

The theory is then tested and developed by applying the theory to other situations. In extension, 

a preliminary theory is formed inductively, which is then tested and developed deductively. 

(Patel & Davidson, 2010)   

4.2.2 Reserch strategy          

Collected data can be categorized as objective or subjective based on the method used to collect 

the data. Measurements and numerical studies are examples of objective data collection.  

General for these methods is that the user experience, thoughts, and opinions does not influence 

the data. Subjective data collection focuses on the user. Such data is gathered by allowing the 

user to verbally, or in a writer form, express and describe their experiences, thought and 

opinions. Benefits of collecting subjective data is that it provides a broader view of the studied 

problem in contrast to objective data which only describes a limited segment of the studied 

problem. (Osvalder, Rose, & Karlsson, 2010) 
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Collected data can also be considered qualitative or quantitative. Quantitative data is commonly 

numerical values provided by measurements or observations. This type of data is usually 

collected through objective methods. Quantitative data can be used to perform statistical 

analyses to evaluate the correlations and differences of the measured variables. Methods 

generating quantitative data is therefore suitable to produce generalizable results. Qualitative 

data provides a description of the studied subject with words or a picture rather than a numerical 

value. This data is not suited to produce generalizable results but rather a detailed description 

of a specific case. Methods generating qualitative data is suitable for studies that involves few 

cases but aims to investigate multiple variables. (Osvalder, Rose, & Karlsson, 2010)        

4.2.3 Interviews 

Interviews is an elementary method used to gather information such as thoughts and opinions. 

The method can be used to survey the interviewees experiences and knowledge. i.e. The method 

is used to collect subjective data. Interviews normally produces qualitative data but can, 

depending on the interview structure, also produce quantitative data. Three main types of 

interviews are commonly used, unstructured interviews, structured interviews, and semi-

structured interviews. (Osvalder, Rose, & Karlsson, 2010)   

An unstructured interview is performed with questions that, rather than limiting the answers, 

allows the interviewee to speak freely (Osvalder, Rose, & Karlsson, 2010). The interviewee can 

thereby steer the conversation towards topics that he or she believe are of interest (ibid). Instead 

of using specified question the interviewer can prepare topics or themes that are to be discussed 

(Bryman, 2011). During the interview, the interviewer asks supplementary questions to follow 

up intriguing statements (ibid). This type of interview tends to be similar to ordinary 

conversations (ibid). This method is suitable whenever the interviewer has but a vague idea of 

the topic of interest and lack contextual knowledge (Osvalder, Rose, & Karlsson, 2010). The 

pro of this method is that it allows the interviewer to ask supplementary questions to better 

understand the interviewees point of view (ibid). The con is that the results provided by the 

interview can rarely be compared with other interviews (ibid). This is partly because the data 

provided is qualitative (ibid).  

Using a structured interview, the interviewer prepares specific questions that could either be 

answered freely or by choosing a predesigned option. e.g. scales (Osvalder, Rose, & Karlsson, 

2010). The interview should mainly consist of questions with predesigned answers since this 

facilitates the analysis of the results (Bryman, 2011). This method provides quantitative data 

that can easily be compared and analysed (Osvalder, Rose, & Karlsson, 2010). Structured 

interviews require that the interviewer already has good knowledge within the subject and an 

idea of what topics are interesting to study (ibid).    

A Semi-structured interview is a combination of both the unstructured and the structured 

interviews (Osvalder, Rose, & Karlsson, 2010). Using semi-structured interviews, relatively 

specific topics, or questions, are prepared (Bryman, 2011). The prepared material guides the 

interview, but the interviewer is not forced to strictly follow the prepared material (ibid). The 

interviewer can change the question sequence and use supplementary questions (ibid). Semi-

structured interview can consist of questions with predesigned answers, but more commonly 

the questions allows the interviewee to answer and associate freely (Osvalder, Rose, & 

Karlsson, 2010). This interview structure can provide qualitative and quantitative data (ibid).         
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4.2.4 Literature review 

A literature review provides knowledge about previous studies within a subject, as well as 

theories or models applicable to the studied subject (Patel & Davidson, 2010). Books, articles, 

and essays are some examples of literature commonly used for this purpose (Ejvegård, 2002). 

Articles are however the best choice if the literature review aims to find the most recent studies 

and findings (Patel & Davidson, 2010). A suitable method for finding literature is the databases 

provided by libraries, (Ejvegård, 2002) and (Patel & Davidson, 2010).  The literature review is 

a time-consuming process, (Patel & Davidson, 2010), which should continue throughout the 

project (Bryman, 2011).  

During the literature review a studied topic is initially defined.  Search of literature of this topic 

is likely to yield literature both related and unrelated to the project. A deeper understanding of 

the topic is gained by studying literature assessed to be relevant. Books are recommended for 

this early stage since they generally provide a broad view of the topic, contains the most 

important theories, and refers to profound researchers. The bibliography of such book can 

provide recommendations for further studies. An understanding of the foundations of the topic 

makes it possible to identify central concepts or terms which can then be used as search word, 

or keywords. (Patel & Davidson, 2010)  

The amount of literature found during the literature review varies depending on the topic (Patel 

& Davidson, 2010). If the topic is well studied it is necessary to assess which literature to focus 

on, or to narrow down the search result by changing the keywords (ibid). Not all information 

gained from the literature review has to be used, instead, parts of the studied literature should 

be used to aid and strengthen the arguments that the project is based on (Bryman, 2011).       

4.2.5 The chosen methods 

The research strategy used to answer the research questions has included analyses of both 

qualitative and quantitative data. This was deemed necessary since the research questions 

required both case specific results and generalizable results.      

Quantitative data was used to produce generalizable results. As an example, sales data from 

some products were used to descried the sales patterns of other products. This data was collected 

through data mining provided by business intelligence at the company. The data originated from 

the business software, IMS and the TLV webpage (Tandvård- och läkemedelsförmånsverket, 

2016).         

Qualitative data was required to produce case specific results. Examples of such results are 

descriptions of the current methods used to control the inventories, the experienced 

shortcomings, the structure of the supply chain, the products and their requirements, etc. This 

data was collected throughout the project but for the most part during early stages of the project. 

It was for instance used to identify problems and to establish the research questions. This data 

was collected through interviews and a literature review.  

Unstructured interviews were performed at the company to gain contextual knowledge. A short 

presentation of the project initiated the interviews. Open questions were used such as, what is 

your role in the company? What tasks do you perform? Do you have any tasks related to the 

product of the month? Etc. The presentation of the project along with the open questions 

allowed the interviewee to steer the discussion towards topics thought to be related to the 

project. Supplementary questions were used to follow-up intriguing statements or facts. These 
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unstructured interviews required no in-depth knowledge of the context, nor any idea of what 

information should be collected. This made the method suitable for early context immersion. 

Below is a list of the occupational roles of the interviewees. 

• Head of logistics 

• Group manager 

• Purchaser 

• Goods care 

• Business Intelligence 

• Process coordinator 

• Inventory care

 

Semi-structured interviews were conducted at the studied company, TLV and a pharmaceutical 

firm. The aim of these interviews was to gain in-depth knowledge of the current methods used, 

the substitution system, and the inventory control used at pharmacies. Questions and topics to 

discuss were prepared which required a fundamental knowledge of the supply chain and the 

substitution system. These interviews were therefore performed at a later stage of the context 

immersion phase. The prepared material was used as a guide during the interview but was not 

followed strictly. The question sequence was changed and supplementary questions were used. 

The material used as guidance during these interviews are provided in Appendix 1 and 

Appendix 2. The participants of the semi-structured interviews are listed below. 

• Representatives from the 

pharmaceutical firm 

• Representatives from TLV 

• Head of logistics 

• Branch manager 

• Purchaser 

• Business intelligence 

• Process coordinator 

 

Theoretical knowledge was gained through a literature review. The literature review aimed to 

survey research and theories within the subject of methods, forecasting and inventory control. 

Literature studied included books, articles, and thesis reports. The books studied provided 

fundamental knowledge and theories, this material gave a broad view of the subject which made 

it possible to identify key concepts related to the project. In-depth knowledge of these key 

concepts could then be gained through articles. Thesis reports were used as a source of 

inspiration and gave the author an understanding of how projects and reports can be structured. 

Literature was found using the data base, PRIMO, provided by the library at Luleå university 

of technology, as well as Google Scholar. Search words used initially were relatively specific, 

e.g. “forecast of the product of the month”, but were later changed to a more general form, e.g. 

“forecasting methods”, “inventory control”. Specific terms, such as “lead time demand 

distribution”, could be used as search words when key concepts had been identified. This 

narrowed down the results.  

Forecasting methods and inventory control systems are well studied areas, this was both an 

advantage and a disadvantage. There are numerous articles available within these topics which 

made finding articles unproblematic. There are however, also numerous subcategories within 

these topics.  Results and findings provided by these articles where therefore often deemed to 

case specific to be of used in this project.         
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5 RESULTS AND ANALYSIS 

In this chapter the current methods are initially described in short. The results generated during the 

data analysis phase are provided. The assumptions identified as well as the assessment of these 

assumptions are described. Finally, this chapter provides the result of the concept development phase 

where a new forecast approach is proposed. 

5.1 THE CURRENT METHODS 
Two separate tools are used to forecast the demand and to control the replenishments of the 

products, the business software and the locally developed Excel tool. Overall, the methods are 

similar but there are some differences. The most significant difference is the data used to 

forecast. The business software forecasts are based on historical sales data from the business 

software, whereas the Excel tool produce forecasts based on IMS data. Moreover, the processes 

leading to the calculation of the reorder point differentiate between the two tools, see Figure 4 

and Figure 5. The business software generates a forecast along with an accuracy estimation. The 

accuracy estimation results in a MAD value which is used to calculate the necessary safety 

stock. Finally, the reorder point is determined as the safety stock added to the expected demand 

during the lead time. Which is estimated by the forecast.    

 

Figure 4 The processes of the business software. 

Similarly, the locally developed Excel tools determines the reorder point as the expected 

demand during the lead time plus the safety stock. However, in contrast to the business 

software, the locally developed Excel tool does not estimates the accuracy of the forecast. The 

safety stock is therefore not based on the accuracy of the forecast. 

 

Figure 5 The processes of the locally developed Excel tool 

5.1.1 The choice of method  

It is preferable to use the business software since it forecasts the demand of a specific product 

based solely on the sales data from this product. Furthermore, it forecasts the demand from each 

distribution centre individually. This method is however not always suitable due to the 

substitution system. The business software uses three-month historical sales data to produce the 

forecast. For this forecast to be accurate, it is therefore required that the sales of the past three 

months have been consistent. The business software is therefore only used if the product has or 

has not been the PoM consistently during the last three months. Figure 6 illustrates examples of 

consistent and inconsistent data.       

Forecast
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Reorder 
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Figure 6 Illustration of consistent and inconsistent data. The first columns illustrate sales from a generic that has been the 
PoM from three consecutive month. Following is three month sales from a non-PoM generic. Both scenarios are considered 
consistent. The third is an example of inconsistent sales data.   

Which tool to use is therefore determined by the available data. To forecast any of the generics 

in a substitute group it is necessary to consider the available historical data. It is not reasonable 

to forecast the demand of a generic that is not the current PoM based on historical data from 

months where this generic was the PoM. Neither is it reasonable to forecast the demand of a 

generic that is the PoM based on historical data from months where this generic was not the 

PoM, this is of course since the demand is significantly higher for a PoM.  

The locally developed Excel tool is used whenever the sales data is inconsistent. This method 

forecasts the demand of the whole substitute group and all distribution centres rather than the 

demand of a specific generic at a specific distribution centre. This method can therefore be used 

regardless of whether the historical sales data of generics has been consistent or not. The 

forecasted demand of the whole substitute group is later used to estimate the demand of generics 

at each distribution centre individually. This is done through assumed proportion indexes which 

will be presented in 5.2.2 The assumed proportions. 

      

  

Consistent Consistent Inconsistent

Examples of consistent and inconsisten sales data



31 
 

5.2 THE ASSUMPTIONS 
This section aims to describe the assumptions currently assumed regarding the forecast, the reorder 

point, and the reorder quantity.    

 

5.2.1 The assumed demand model 

The business software uses two forecast methods. Both the moving average method and the 

weighted moving average method. The locally developed Excel tool, on the other hand, only 

uses the moving average method. These methods are suitable for forecasting demand with no 

seasonality or trend (Ghiani, Laporte, & Musmanno, 2013). This indicates the assumption that 

the demand is not influenced by a continuous increase or decrease in demand, and that the 

demand does not fluctuate due to seasonal variations. In extension, a constant demand model is 

assumed, see 3.1.2 Demand models.  

Furthermore, the daily forecast, which is used to calculate the reorder points, is obtained by 

dividing the monthly forecast by the number of work days during that month. This causes all 

daily forecast to be equal thus indicating the assumption that the demand is evenly spread 

among all work days of the month. The forecast methods used are therefore based on the 

following assumptions regarding the demand.  

• The monthly demand can be expressed as a constant model, i.e. no trend nor seasonality 

influences the demand. 

• The daily demand is constant, i.e. no seasonality influences the daily demand.  

 

5.2.2 The assumed proportions  

Both the business software and the locally developed Excel tool assumes the same demand 

model. There are however some assumptions that are unique to the locally developed Excel 

tool. The locally developed Excel tool forecasts the demand of a whole substitute group. It is 

then assumed that the PoM of this substitute group constitutes for 80% of the demand. Likewise, 

it is assumed that a generic that was the PoM but is not anymore constitutes for 12% of the 

demand. Furthermore, it is assumed that the demand of any generic is divided among the 

distribution centres per fixed proportions. The proportions are approximately as follows, DC1 

55%, DC2 35% and DC3 10%. The business software forecasts the demand of a generic based 

on sales data from the individual generic and distribution centres. These assumptions are 

therefore not required using the business software. The assumed proportions are listed below. 

• The PoM constitutes 80% of the substitute group demand. 

• A non-PoM generic constitutes 12% of the substitute demand. 

• The distribution centres demand proportions are, DC1 55%, DC2 35% and DC3 10%. 

 

5.2.3 Inventory control assumptions  

Both the locally developed Excel tool and the business software determines the reorder point 

and the reorder quantity based on some assumptions. These assumptions are described below. 

The business software calculates the reorder point identical to one of the methods described by 

Axsäter (2006). This method essentially assumes that the demand during the lead time can be 

modelled as a normally distributed stochastic variable (Axsäter, 2006). The locally developed 
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Excel tool does not utilize the same method. The literature review has however failed to identify 

methods similar to the method used by the locally developed Excel tool. Thus, assumptions on 

which this method is based has not been identified. Both the locally developed method and the 

business software utilizes the economic order quantity, see 3.2.2 Reorder quantity. The method 

used to determine the reorder point and reorder quantities are therefore based on the 

assumptions listed below.  

• Reorder point 

o The demand can be described as a normally distributed variable. 

 

• Reorder quantity 

o The demand is constant and continuous.  

o The ordering and holding cost are constant over time. 

o The batch quantity does not need to be an integer. 

o The whole batch quantity is delivered at the same time. 

o No shortages are allowed.  
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5.3 ASSUMPTION ASSESSMENT  
This section provides the assessment of the assumptions listed in the previous section.   

5.3.1 Assessment of the demand model 

Both the forecast established by the business software and the forecast established by the locally 

developed Excel tool assumes a constant demand model. An analysis of sales data was 

performed to determine if this assumption is reasonable. The analysis was limited to only study 

a few chosen substitute groups. The studied substitute groups were chosen through an analysis 

of 12 months’ substitution group sales provided by TLV (Tandvård- och 

läkemedelsförmånsverket, 2016). The substitutions groups were first sorted by the size of the 

sales. The sales value was then divided by the combined sales of all substitute groups such that 

the sales of a substitute group was expressed as a percentage of all sales. These values where 

then compiled into a graph to visualize how the sales are distributed amongst the substitute 

groups, see Figure 7.    

 

Figure 7. A Graph visualizing how the sales are distributed amongst the substitute groups.   

The graph shows that the combined sales of the 63 top selling substitute groups is equal to the 

combined sales of all other substitute groups. That is 5% of the substitute groups that constitutes 

50% of all sales. 20% of the substitute groups constitutes 85% of all sales and 39% of all 

substitute groups constitutes 95% of all sales. Through the analysis, it was also shown that the 

combined sales of the 12 top selling substitute groups constitutes 20% of all sales. These 12 

groups, containing roughly 120 generics, where chosen as study objects to evaluate if it is 

reasonable to assume a constant demand model. The presence of trends and seasonal variations, 

both monthly and daily, was therefore examined.  

Trends. Sales data from the generics within the 12 substitute groups where extracted from the 

business software to investigate the occurrence of trends. The data extracted contained monthly 

aggregated sales from the past two years. Compiling substitution lists from the same time period 

made it possible to identify which generic were the PoM during these months. This information 

was used to create sales data series for each substitution group only including PoM sales. These 

data series where then plotted to visualize how the sales of PoMs have altered during the past 

two years. None of the 12 substitute groups contained a trend that could be identified visually, 
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indicating that there was no trend, this was then confirmed by adding trend lines. The trend 

lines hinted of both positive and negative trends. The trend was therefore divided with the 

average sales to assess the magnitude of the trend, the results are presented in Table 2.  

Table 2 The trend divided by the average sales per month for the twelve studied substitute groups    

Substitute group Trend divided by 
average sales 

Substitute group Trend divided by 
average sales 

A 0,004 G -0,007 

B -0,011 H -0,010 

C 0,011 I -0,024 

D 0,004 J 0,004 

E 0,015 K -0,009 

F 0,009 L -0,009 

Through observations of the absolute values of the trends it was shown that the average trend 

of the 12 substitute groups was less than 1% of the monthly average sales. It was therefore 

concluded that no obvious trend occurs and that the assumption of no trend can be considered 

reasonable. 

Monthly seasonality. The occurrence of seasonal variations was investigated using data 

extracted from the business software. The data extracted was the past four years monthly 

aggregated sales from the generics within the 12 substitute groups. Ideally, the occurrence of 

seasonal variations of PoM demand should have been investigated. However, to identify which 

generic was the PoM which month was deemed too time consuming. Therefore, seasonal 

variations of the combined sales of the substitute group were investigated. The sales data from 

the four years were plotted to visualize any periodical patterns. However, none of the 12 

substitute groups studied exhibit such patterns. Assuming no monthly seasonal variations is 

therefore considered reasonable.  

Daily seasonality. The day to day demand variation was studied using data extracted from the 

business software. The data studied was the daily demand of the 12 substitute groups during 

one year. The daily sales of PoM were isolated through the use of substitution lists from this 

period. The daily demand was then expressed as the daily demand divided by the average 

demand per day. Thus, each sales value was replaced with a value describing how many times 

the average demand was demanded at this day. This essentially compensated for the fact that 

the demand of some substitute groups is larger than the demand of others, and made it possible 

to compare the day to day variations of different substitute groups. The variations that occurred 

within a month were then visualized by plotting the daily demand from each month on top of 

each other, see Figure 8.  
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Figure 8 A graph illustrating the daily demand of PoMs during one month. 

The graph illustrates that if a peak in demand occur it is more prone to occur during the first 

days of the month. Moreover, it illustrates that such peaks in demand can exceed four times the 

average daily demand. However, apart from the increased demand during first days of the 

month, the graph illustrates no obvious patterns. It was therefore concluded that the daily 

demand is dependent on the day of the month, but primarily during the first days.  

The day to day variation was then further studied to determine if the daily demand is dependent 

on the day of the week. The sales data series were split into seven groups to illustrate weekly 

patters. Each group contained PoM sales from months that started on the same day, e.g. group 

one contained sales data series from months where the 1:st occurred on a Monday. The weekly 

variations could then be illustrated by plotting the sales data series from each group 

individually, see Figure 9.  

 

Figure 9 A graph illustrating the daily demand of PoMs from months that started on a Thursday.  

These graphs illustrated a reoccurring pattern, the daily demand on Mondays and Tuesdays are 

commonly larger than the daily demand on Thursdays and Fridays. The graphs indicate that the 

demand commonly decreases during the weekdays and, not surprisingly, that there is no 

demand on Saturdays and Sundays.  
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As a conclusion, the most suitable demand model for generics is considered to be the constant 

demand model. The 12 substitute groups studied indicates no obvious trend or seasonal 

variations. Although the daily demand seems to be influenced by seasonal variations it is likely 

to be exhausting to account for these daily variations when determining adequate inventory 

levels. It is therefore deemed reasonable to assume that the daily demand is constant throughout 

the month.                          

   

5.3.2 Assessment of the assumed proportions 

The forecast established by the locally developed Excel tool is based on IMS data from the 

whole substitute group. The forecasted variable is therefore the combined demand of a 

substitute group rather than the demand of individual generics. Furthermore, the IMS data does 

not distinguish sales from different regions in Sweden. The forecasted variable is therefore the 

expected demand in Sweden rather than the expected demand in a specific region. When a 

forecast has been established it is therefore multiplied by two variables, or proportion indexes, 

to obtain the estimated demand of a specific generic in a specific region. The assessments of 

these variables are described below.  

Using the locally developed Excel tool it is assumed that the demand of a generic is distributed 

among the distribution centres by fixed proportions of 55%, 35%, and 10% e.g. it is assumed 

that the demand within the region distributed by the largest distribution centre, DC1, is 55% of 

the total demand in Sweden. The distribution centres proportions in demand were investigated 

trough studies of 14 months’ sales data extracted from the business software. The total sales 

from each distribution centre were divided with the combined sales from all distribution centres. 

Thus, the distribution centres actual proportions in sales were investigated. These calculations 

were performed on 14 months’ historical data, the results are given in Table 3. 

Table 3 The sales proportions of the three distribution centres during the 14 months studied. 

Month 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

DC2 0,30 0,30 0,30 0,30 0,30 0,30 0,29 0,30 0,30 0,30 0,30 0,30 0,30 0,31 

DC1 0,59 0,59 0,60 0,60 0,60 0,60 0,60 0,59 0,59 0,59 0,59 0,59 0,58 0,58 

DC3 0,09 0,09 0,09 0,09 0,09 0,09 0,09 0,10 0,10 0,10 0,10 0,10 0,10 0,10 

 

The table shows that, in average, the distribution centres proportions in sales are approximately 

60%, 30% and 10% rather than the 55%, 35% and 10% currently assumed. Although this seems 

like a minor deviation, it also seems consistent, in fact, the proportion of sales are relatively 

steady for all distribution centres. The maximum and minimum values encountered for DC1 

are 60,3% and 58,35%, the largest difference is therefore less than 2%. Note also that the 

assumed proportion, 55%, is not within the interval of the maximum and minimum values. The 

same applies to all three distribution centres. This indicates that the current assumption of 55%, 

35% and 10% could be replaced with 60%, 30% and 10%. However, the data studied does not 

account for returned sales. Returned sales are all received at DC1 regardless of which 

distribution centre it was originally distributed from. Returned sales can therefore impact the 

results of this analysis which is why it should not be considered definite.     

The locally developed Excel tool assumes that a PoM constitutes 80% of the combined demand 

of the substitute group. This assumption was investigated using IMS data together with 
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substitution lists originated from TLV. The substitution list was used to sort out which generic 

belonged to which substitution group. This information was then combined with the IMS sales 

data to calculate the combined sales for each substitute group. The substitution list also 

describes which generic was the PoM. The IMS sales data from the PoM could thus be obtained 

and compared with the combined sales of the substitute group. Thus the actual PoM proportion 

of sales could be calculated. These comparisons were performed with IMS data from 11 month 

and included more than 1400 substitution groups containing over 5000 generics. The result of 

these comparisons was compiled in a histogram, see Figure 10. 

 

Figure 10 A histogram of the PoM sales proportions.  

The histogram shows that most commonly the PoM either constitutes 0% or 100% of the 

combined sales of the substitute group. By further studying the substitute list it was concluded 

the 0% proportions occurred for months and substitute groups where there were no PoM 

assigned. Thus, there were no PoM sales for these substitute groups during this month. It was 

also concluded that the 100% proportions occurred for substitute groups that only contained 

one generic. It is obvious that in scenarios where no PoM is assigned there is no interest in 

forecasting the demand of a PoM. The PoM proportions are therefore irrelevant in these 

scenarios. Furthermore, it is evident that in the case of a substitute group only containing one 

generic it is unnecessary to estimate the PoM proportion of sales. This since the sales of that 

generic will equal the sales of the whole substitute group whether that generic is the PoM or 

not. Values of 0% and 100% were therefore excluded such that the results only contained PoM 

sales proportions from month where there were a PoM assigned, and from substitute groups 

containing more than one generic, see Figure 11.  
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Figure 11 A histogram of PoM sales proportion (0% values and 100% values excluded).   

The results yielded two intriguing insights regarding the PoM proportion of sales. The mean of 

56% indicates that the assumed proportion of 80% is rather overestimated in most cases. More 

than that, the result shows that the PoM proportions of sales varies considerably. The variations 

indicate that generalizing the results are likely to be misguiding. Assuming the demand of a 

PoM is a fixed proportion of the combined demand of a substitute group is therefore 

unreasonable, such assumptions should ideally be avoided.   

When instead a non-PoM generic is to be forecast, it is assumed that the demand of this generic 

is 12% of the combined substitution group demand. This assumption has not been able to be 

investigated properly due to the complexity of obtaining adequate data. However, since the 

PoM demand proportion varies considerably it is evident that the non-PoM demand proportion 

does as well. Although it has not been confirmed, it is also likely that the non-PoM demand 

proportion varies depending on the number of generics there are in the substitute group.      

The two proportion indexes are identical for all generics. Regardless of the substitute group it 

is assumed that demand proportions between the distribution centres are the same. Likewise, 

regardless of the region in Sweden considered, it is assumed that the demand proportions of 

PoMs are the same. This indicates that the forecasting approach used is rather inflexible. 

Demand patterns unique to the specific generic, substitute group or region cannot be 

distinguished due to the aggregated data used to forecast. The proportion indexes used 

essentially generate a template of how the forecast should be divided among the distribution 

centres and the generics, see Table 4.  
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Table 4 An illustration of how the initial forecast is divided amongst the distribution centres and the generics. 

Distribution centre Generic type Share of forecast 

DC1 PoM 0,55*0,8 = 0,44 

Non PoM 0,55*0,12 = 0,066 

DC2 PoM 0,35*0,8 = 0,28 

Non PoM 0,35*0,12 = 0,042 

DC3 PoM 0,10*0,8 = 0,08 

Non PoM 0,10*0,12 = 0,012 

       

In extension, this means that the original forecast is divided into 6 new forecasts, none of which 

can be considered independent. As an example, the forecasted demand of a PoM in one region 

is to some extent based on the historical sales of a non-PoM generic in another region.        

5.3.3 Assessment of the reorder point assumptions 

Today the reorder point is determined as the expected demand during the lead time plus a safety 

stock, see equation 3.34. The expected demand during the lead time is gained from the forecast. 

The desired safety stock is determined using two separate methods.  

The method used by the business software mimics a method described by Axsäter (2006) which 

assumes that the demand during the lead time is a normally distributed variable. Whether this 

is a reasonable assumption or not seems to be rather dependent on the studied case. Axsäter 

(2006) refers to the central limit theorem which states that the sum of multiple independent 

random variables will have a conjoint distribution that is roughly normal. The demand from 

different customers is usually independent thus assuming normal distribution is deemed 

reasonable (ibid). Still, the normal distribution can in some scenarios cause inventory control 

issues (Axsäter, 2011). It is therefore recommended that assuming normal distribution should 

be avoided if the average demand during the lead time is below 10 units (ibid). Furthermore, it 

is recommended that the normal distribution is avoided if the coefficient of variation is large, 

above 2 (ibid). A discrete distribution is advisable in these scenarios (ibid).  

Considering generics, it is evident that the demand during the lead time can vary significantly. 

Some generics are demanded well above 10 units during the lead time whereas others do not. 

It would therefore be preferable to determine adequate safety stocks using different methods 

for different generics. However, determine what method is best suited for which generic could 

be exhausting due to the large number of generics. Although assuming normal distribution 

could be inaccurate, it could therefore still be a reasonable basis.  

The method used by the locally developed Excel tool calculates the safety stock as the estimated 

demand during a fixed number of days. This method has not been encountered during the 

literature review and can therefore not be judged as inappropriate or appropriate. One could 

however question whether this method truly accounts for the random fluctuations in demand. 

This, of course, depends on the method used to determine the adequate numbers of days. This 

method has not been included in this study.                         

5.3.4 Assessment of the reorder quantity assumptions 

The economic order quantity formula used to calculate the reorder quantity assumes that the 

demand is both continuous and constant (Axsäter, 2006). The demand of generics is however 

neither continuous nor constant. It has however been shown that although these assumptions 
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are unrealistic in many scenarios, the method is still feasible for stochastic demand (Axsäter, 

1996). When the demand is stochastic the method can be used if the constant demand in the 

economic order quantity formula is replaced with the mean of the demand (Axsäter, 2006). The 

demand of generics fluctuates stochastically but the main factor that causes demand variations 

is whether the generics is a PoM or not. The demand of generics can therefore not be considered 

truly stochastic. It is therefore questionable whether the economic order quantity formula used 

is suitable for generics.  

Since the demand of a generic vary periodically depending on whether the generic is a PoM or 

not, it evident that the order quantity should do so as well. Some form of dynamic order quantity 

should therefore be preferable over a fixed order quantity. However, the dynamic lot sizing 

methods encountered during the literature review, the Wagner-Within and the Silver-Meal 

heuristic, assumes that the future demand is known (Ghiani, Laporte, & Musmanno, 2013)  

(Segerstedt, 2008). The demand of generic is not known, hence the use of forecast. One could 

assume that the forecast is pinpoint accurate and therefore provide knowledge of the future 

demand, but even such a bold assumption would not be sufficient since the forecast horizon is 

limited to one month due to the substitution system. As a conclusion, neither the Wagner-Within 

nor the Silver-Meal heuristic is appropriate to determine the lot sizes of generics.   

A form of dynamic lot size could be achieved by recalculating the economic order quantity each 

month. Recalculating the order quantity once a generic has gone from being a non-PoM generic 

to a PoM, and vice versa, would yield order quantities that anticipate the increase or decrease 

in demand. Using the economic order quantity method in this manner has flaws though. Recall 

that the economic order quantity assumes that the demand is constant. The method would thus 

essentially assume that the generic that is the current PoM will experience the same demand 

forevermore. In such scenarios, it can be advantageous to order quantities that are expected to 

last several months, given that the holding cost is small relative to the ordering cost. The 

demand of a generic that is the PoM can however plunge within a month if a new PoM is 

chosen. Using the economic order quantity in this manner can therefore result in scenarios 

where a non-PoM generic is stored in unreasonably large quantities. It is therefore essential that 

reasonable boundaries are used to restrict the order quantity.  

As a conclusion, the economic order quantity formula is not ideal for this scenario. Still, the 

method could be used as guidance since no suitable alternative has been encountered during the 

literature review. Intriguingly, both Wilson and Ford states that the method is not suitable in all 

scenarios and that some factors requires expert judgement (Ford, 1913) (Wilson, 1934). It is 

stated that the method is not suitable for perishable items or fashion articles and should therefore 

be used as a guidance rather than an exact determination in some scenarios (Wilson, 1934). It 

is possible that this is one of those scenarios.                         
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5.4 AN ALTERNATIVE FORECAST APPROACH 
An alternative forecast and inventory control approach was developed in regards to the 

assumption and the assessment of them. The developed method corporates some processes 

similar to the processes of the business software, Figure 4 ,as well as the processes of the locally 

developed Excel tool, Figure 5. There are however also some new processes involved in the new 

method Figure 12.        

 

Figure 12 The processes of the developed method. 

The general idea of this approach was to generate two types of forecasts, generic forecasts and 

PoM forecasts. The generic forecast estimates the demand of a specific generic, given that this 

generic is not the PoM. The PoM forecast estimates the demand of the PoM of a specific 

substitute group. Which forecast to use is determined by the state of the generic. The demand 

of a generic that is the PoM is naturally estimated by the PoM forecast of this substitute group. 

The demand of non-PoM generic on the other hand is estimated by the generic forecast for this 

specific generic. The aim of this approach was to generate a system that is suitable in multiple 

scenarios thus reducing the need for multiple systems.             

5.4.1 Data requirements 

It is evident that measuring the forecast errors are essential if the size of the safety stocks should 

be determined by the accuracy of the forecast, which is a common approach (Axsäter, 2006). 

The requirement for measuring the forecast error along with the fact that the company uses 

multiple distribution centres renders the IMS data inappropriate for such methods. The safety 

stock at each distribution centre should be determined independently of the other distribution 

centres. In extension, the safety stocks at a specific distribution centre should be based solely 

on the forecast and actual demand at this distribution centre. The IMS data, which contains the 

aggregated sales from the whole country, could be used to produce forecast for the individual 

distribution centre. This would still require some arbitrary assumptions, such as the distribution 

centre sales-proportion currently assumed. Such assumptions would however essentially make 

it impossible to measure the forecast errors in an objective manner. The only way to obtain the 

sales from a specific distribution centre would be to make the same assumption that was used 

to produce the forecast, thus resulting in a self-fulfilling prophecy. The sales data stored within 

the business software is therefore more suitable then the IMS data if forecast errors is to be 

monitored. Furthermore, it is obvious that any forecast of generics has to consider if the generic 

is a PoM or not, thus the substitution list provided by TLV is essential for the forecast procedure. 

The proposed forecast procedure in this chapter shall therefore require the input data defined 

below. 

𝑦𝑖,𝑘,𝑇  - The demand of generic i at distribution centre k during time period T. This data is 

provided by the business software. 

𝐷𝑖,𝑗,𝑇  - A dummy variable, 1 if generic i is the PoM for substitute group j during time period 

T, 0 otherwise. This data is provided by the substitution lists. 

Data pre-
processing

Forecast

Accuracy
measurements

and tracking
signals

Assesment of
tracking signals

Safety stock Reorderpoint
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5.4.2 PoM demand assumption 

One of the challenges in forecasting generic seems to be to anticipate the demand of a PoM. 

One solution to this problem is to assume that the demand of PoMs is a fixed proportion of the 

total demand of the substitute group. This is what the locally developed Excel tool does.  The 

PoM proportion in demand was however shown to vary considerably, see 5.3.2 Assessment of 

the assumed proportions, indicating that such generalizing assumptions should be avoided. 

Various alternatives to this assumption could be used instead.  

 

One could assume that PoM constitutes a fixed proportion of the total demand of the substitute 

group and that these proportions are unique to each substitute group. This would probably yield 

a forecast more capable to cope with the variation of the PoM proportions. However, to estimate 

appropriate PoM proportions for each substitute group individually is likely to be a time-

consuming process.  

 

More suitable is perhaps the solution currently used in the business software. The demand of a 

generic that is the PoM is estimated solely on sales data from previous months where this 

generic was the PoM. This method seems like the most appropriate approach since it forecasts 

the outcome of a scenario solely on historical data from the exact same scenario. However, one 

can imagine that this solution could be limited by the lack of data. Imagine as an example the 

scenario where a generic that has not been the PoM for the past year suddenly becomes the 

PoM. The forecast is then limited to one year old sales data that probably does not reflect the 

current state of the demand. This solution might therefore be suitable for substitute groups with 

few generics that consistently changes PoM, thus making PoM sales data available for all 

generics in the group.  

 

Alternatively, the forecast can assume that the demand of a PoM is completely independent of 

the generic that is the PoM. With this assumption, the historical sales of PoMs can be used to 

forecast the demand of PoMs regardless of which generics were, or is to become, the PoM. 

Thus, it is assumed that no generic is significantly more preferred then the others.  

 

Another alternative is to assume that the demand of a generic that is the PoM is composed of 

two sources of demand, the demand of a PoM and the demand of the specific generic. The 

estimated demand of a PoM would then be the sum of two independent forecast, one that 

forecast the demand from “PoM patients”, and one that forecast the demand from “generic 

patients”. This assumption is in some sense based on the assumption that there are two types of 

patients, one that always choses the cheapest alternative, i.e. the PoM, and one that prefers a 

specific generic. This assumption might be the most realistic assumption proposed so far. The 

demand of a generic during months where this generic is the PoM is noticeably larger than the 

demand of the same generic during month where this generic is not the PoM. This indicates that 

some patients, “PoM patients”, prefers the PoM regardless of which generic it is. It is also 

noticeable that not all patients are “PoM patients” since there is a demand of generics that is 

not the PoM. This indicates that some patients, “generic patients”, purchases a specific generic 

regardless of if it is the PoM or not. This theory is, to some extent, supported by TLV 

documents, (Läkemedelsverket och Tandvårds- och läkemedelsförmånsverket, 2014), stating 

that the patients´ doctor as well as the pharmacist can deem it inappropriate for a patient to 

change their prescription to the PoM. If this assumption was to be made the demand from 

“generic patient” could easily be estimated by a forecast based on month where the generic has 

not been the PoM. Problems occur however, when the demand from “PoM patients” is to be 

estimated. This is because historical sales data from the PoM will contain both the demand from 

“generic patients” and the demand from “PoM patients”. Ideally the demand from the two types 
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should be separated such that each could be assessed individually, however no practical way of 

separating the two has been identified. The “PoM patient” demand could be isolated by 

subtracting the “generic patients” estimated demand from the sales of a PoM, this would 

however assume that the “generic patient” demand is precisely estimated, a rather bold 

assumption.      

 

In conclusion, it is evident that the current assumption, that the demand of a PoM is a fixed 

proportion of the combined sales of the substitute group could be avoided. Doing so would 

however require that new assumptions are made. In the remainder of this chapter it shall be 

assumed that the demand of a PoM is completely independent of the generic that is the PoM. 

This assumption ensures that large amount data is available to forecast the demand of a PoM. 

Furthermore, it ensures that the forecasted demand of a PoM within one substitute group is 

independent of the demand of PoMs in other substitute groups. In extension, the demand of 

PoMs is assessed individually for each substitute group. The disadvantage of this assumption 

is that it assumes that no generic is significantly more preferred then the others. The method 

proposed in this chapter is consequently not suitable to forecast the demand of a PoM for 

substitute groups containing branded generics. I.e. generics that are considerably more popular 

than the other generics in the same substitute group. 

  

5.4.3 Data preprocessing 

The first process, data pre-processing, aims to sort and categorize the incoming data. Sales data 

from each specific generic and distribution centre is recorded each month. This data should be 

extracted to allow for an update of the forecasts. Before the forecast can be updated however, 

it is necessary to ensure that the forecast is not updated using inappropriate data. This is the 

goal of the data pre-processing. When the data is extracted from the business software it should 

be combined with the substitution list provided by TLV to mark which generic was the PoM. 

The sales data is then either stored as sales data from a specific generic or sales data from the 

PoM of the substitute group. This ensures two things, firstly, it ensures that for each substitute 

group there is three data series only containing PoM sales data, one for each distribution centre. 

Secondly, it ensures that the sales data series for generics does not contain any sales data from 

months where this generic was the PoM. Thus, a forecast based on the PoM sales data series is 

only based on historical sales of the PoM. Likewise, a forecast based on generic sales data series 

is not based on month where this generic was the PoM. Figure 13 gives an example of how the 

data from a substitute group containing three generics is processed.  
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Figure 13 An example of the data processing of data from a substitute group containing three generics. 

Note that the input data from each distribution centre contains three sales entries, one for each 

generic, whereas the output data contains one extra dedicated to the PoM sales. This means that 

one of the output data will always be missing, in this case the sales data for generic A, see Figure 

13, since this generic was the PoM. Using the variables defined previously, see 5.4.1 Data 

requirements, the data pre-processing can be expressed as 

𝑍𝑗,𝑘,𝑇 = ∑ 𝑦𝑖,𝑘,𝑇𝐷𝑖,𝑗,𝑇
𝐼
𝑖=1    5.1 

𝑧𝑖,𝑘,𝑇 = 𝑦𝑖,𝑘,𝑇(1 − 𝐷𝑖,𝑗,𝑇)  5.2 

Where 𝑍𝑗,𝑘,𝑇 is the PoM sales for substitute group j at the distribution centre k during time 

period T. 𝑧𝑖,𝑘,𝑇 is the sales of generic i at the distribution centre k during time period T. Note 

that (1 − 𝐷𝑖,𝑗,𝑇) = 0 for month where generic i is the PoM, thus, 𝑧𝑖,𝑘,𝑇 = 0 for months where 

generic i is the PoM. Note also that ∑ 𝐷𝑖,𝑗,𝑇
𝐼
𝑖=1 = 0 for month where no PoM is assigned, thus, 

𝑍𝑗,𝑘,𝑇 = 0 for month where substitute group j has no PoM assigned. 

5.4.4 Forecast    

The output data from the data pre-processing can be used to establish forecasts. The aim of the 

forecast is to estimate the demand for each generic and the PoM the succeeding month. There 

is no gain in forecasting any time period further than this since no one can foresee which generic 

will be become the PoM prior than one month ahead. The currently used forecasting methods, 

the moving average method and the weighted moving average method, is not suitable for time-

series influenced by a trend nor any seasonal variations (Ghiani, Laporte, & Musmanno, 2013). 

Results provided previously indicates that 12 top selling substitute groups yields no indication 

of any significant trend nor any seasonal variations dependent of the month, see 5.3.1 

Assessment of the demand model. Both the moving average method and the weighted moving 

average method can therefore be considered suitable to forecast the monthly aggregated demand 

of these substitute groups. More suitable is perhaps the exponential smoothing method since it 
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requires minimal data storage and still yields accurate forecasts (Gardner, 1985). Updating the 

forecast using the exponential smoothing method requires no more than the previous month 

forecast and the previous month sales data.  

The data output from the data pre-processing is intermittent, meaning that there will be months 

where there is no sales data available. Using the exponential smoothing on such data is not 

recommended since it would result in underestimated demand for months where there is a 

demand and an overestimated demand from months where there was no demand (Gardner, 

2006). It is evident that using the moving average or weighted moving average would yield 

similar results. Forecasting methods such as Crostons method (Croston, 1972) intended for 

intermittent demand could be used for this type of data. The basic idea of the method is to 

forecast two variables, the size of demand for month where demand occur, and the time period 

between demands. The two variables can then be used to forecast the demand per time period. 

The forecast is only updated during periods where demand occurs. Other than that, the updating 

procedure mimics the simple exponential smoothing method.  

The Croston method is however developed for scenarios where it is unknown for which period 

there will be a demand. It is assumed that the occurrence of demand is stochastic and it is 

therefore impossible to foresee for which periods demand will occur. In contrast to this, the 

occurrence of demand of generics is rather known. It is known approximately two weeks 

beforehand which generic will become the PoM for the upcoming month. The recorded sales 

of the PoM will not be considered as demand of the specific generic but rather the demand of 

the PoM, thus there will be no demand recorded for this generic during the upcoming month. 

Similarly, on occasions where no PoM is chosen there will be no recorded demand of PoM. 

This information is however also provided by TLV two weeks ahead. Since it is possible to 

foresee which periods demand will occur an estimating of the demand per period is rather 

useless, instead, it is more useful to estimate the size of the demand given that demand will 

occur. Note that this is one of the variables forecasted using Crostons method. Using Crostons 

method, this variable is forecasted using the simple exponential smoothing method. The only 

difference is that the forecast is only updated during month where demand occur. Using the 

variables previously defined in this chapter the forecast update procedure can be expressed as 

𝑃𝑗,𝑘,𝑇+1 = (1 − 𝛼)𝑃𝑗,𝑘,𝑇 + 𝛼𝑍𝑗,𝑘,𝑇 ,                 𝑍𝑗,𝑘,𝑇 ≠ 0  5.3 

𝑃𝑗,𝑘,𝑇+1 = 𝑃𝑗,𝑘,𝑇 ,                                                 𝑍𝑗,𝑘,𝑇 = 0  5.4 

And 

  

𝑝𝑖,𝑘,𝑇+1 = (1 − 𝛼)𝑝𝑖,𝑘,𝑇 + 𝛼𝑧𝑖,𝑘,𝑇 ,                 𝑧𝑖,𝑘,𝑇 ≠ 0  5.5 

𝑝𝑖,𝑘,𝑇+1 = 𝑝𝑖,𝑘,𝑇 ,                                                 𝑧𝑖,𝑘,𝑇 = 0  5.6 

 

Where 𝑃𝑗,𝑘,𝑇+1 denotes the one period ahead forecast of the demand for the PoM of substitute 

group j, at distribution centre k. And 𝑝𝑖,𝑘,𝑇+1 denotes the one period ahead forecasted demand 

of generic i at distribution centre k. 𝛼 is the smoothing constant proposedly set equal to 0,1 – 

0,3 (Segerstedt, 2008).  
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5.4.5 Accuracy measurements and tracking signals 

It is useful to review the previous forecast to gain an understanding of the forecast accuracy. 

This will, hopefully, yield more accurate forecast in the future. To improve the accuracy in any 

sport revolved around marksmanship, it seems essential to adjust the aim if previous shoots 

have missed the target.  This principle also applies to forecasting. It is therefore useful to 

evaluate the forecast errors from previous forecasts. Intuitively, this is done by comparing the 

previous forecast with the actual demand. Thus, the forecast errors are obtained by 

𝐸𝑗,𝑘,𝑇 = 𝑍𝑗,𝑘,𝑇 − 𝑃𝑗,𝑘,𝑇 ,                               𝑍𝑗,𝑘,𝑇 ≠ 0  5.7 

And 

𝑒𝑖,𝑘,𝑇 = 𝑧𝑖,𝑘,𝑇 − 𝑝𝑖,𝑘,𝑇 ,                                𝑧𝑗,𝑘,𝑇 ≠ 0  5.8 

Here 𝐸𝑗,𝑘,𝑇 denotes the forecast error for the forecasted demand of the PoM in substitute group 

j, at distribution centre k, that occurred in time period T. 𝑒𝑖,𝑘,𝑇 denotes the forecast error for the 

forecasted demand of generic i, at distribution centre k, that occurred during time period T. Note 

that forecast errors are only measured during months where demand occurs, i.e. 𝑧𝑗,𝑘,𝑇 ≠ 0 for 

generics and 𝑍𝑗,𝑘,𝑇 ≠ 0for PoMs. This is vital since overestimated forecast errors would be 

recorded otherwise.     

  

The MAD value and the tracking signals can be updated when the forecast errors has been 

measured. Instead of recalculating the MAD value each month, the previous MAD values can 

be used and updated with the most recent forecast errors. This could be done through 

exponential smoothing which would ensure that MAD value is not based solely on the most 

recent forecast errors but all errors ever recorded. The new updated MAD values are then 

obtained by 

𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇 =  (1 − 𝛾)𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇−1 + 𝛾|𝐸𝑗,𝑘,𝑇|,        𝑍𝑗,𝑘,𝑇 ≠ 0 5.9 

𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇 = 𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇−1,                                           𝑍𝑗,𝑘,𝑇 = 0 5.10 

And 

𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇 =  (1 − 𝛾)𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇−1 + 𝛾|𝑒𝑖,𝑘,𝑇|,           𝑧𝑖,𝑘,𝑇 ≠ 0  5.11 

𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇 = 𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇−1,                                              𝑧𝑖,𝑘,𝑇 = 0  5.12 

Where 𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇 denotes the mean absolute deviation of the forecasted demand of the PoM 

in substitute group j, at distribution centre k, estimated at time period T. 𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇 denotes 

the mean absolute deviation of the forecasted demand of generic i, at distribution centre k, 

during time period T. 𝛾 is the smoothing constant.  

The MAD value will provide an estimation of the stochastic forecast errors. Still, the MAD 

value alone cannot be used to evaluate the occurrence of systematic errors. Systematic errors 

are likely to occur if the demand is influenced by a trend that has not been considered in the 

forecast. The forecast method proposed, see 5.4.4 Forecast, does not consider any trend. 

Arguably it could therefore be of value to evaluate the occurrence of systematic errors to 

identify any generic or substitute group influenced by a trend. The forecast method proposed is 
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no longer suitable if the generic or substitute group is influenced by a trend. Instead, a method 

such as the one proposed in section 5.4.7 In the case of a trend should be used. It is commonly 

proposed that the occurrence of systematic errors should be identified using a tracking signal 

that evaluates the sum of errors (Axsäter, 2006). However, considering the flaws of this method, 

(Trigg, 1964), it seems more appropriate to use a tracking that evaluates the smoothen sum of 

errors. The smoothen sum of errors are obtained through 

𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇 =  (1 − 𝛾)𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇−1 + 𝛾𝐸𝑗,𝑘,𝑇 ,        𝑍𝑗,𝑘,𝑇 ≠ 0 5.13 

𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇 = 𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇−1,                                        𝑍𝑗,𝑘,𝑇 = 0 5.14 

And 

𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇 =  (1 − 𝛾)𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇−1 + 𝛾𝑒𝑖,𝑘,𝑇 ,        𝑧𝑖,𝑘,𝑇 ≠ 0 5.15 

𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇 = 𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇−1,                                        𝑧𝑖,𝑘,𝑇 = 0 5.16 

Here 𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇  denotes the smoothen error of the forecasted demand of the PoM in 

substitute group j, at distribution centre k, at time period T. 𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇 denotes the smoothen 

error of forecasted demand of generic i, at distribution centre k, during timeperiod T. Once the 

smoothen errors have been obtained they can be compared with the MAD values to produce a 

tracking signal for each individual forecast. The tracking signals are obtained by 

𝑇𝑆𝑝𝑜𝑚𝑗,𝑘,𝑇 =
𝑆𝑈𝑀𝑝𝑜𝑚𝑗,𝑘,𝑇

𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇
  5.17 

And 

𝑇𝑆𝑔𝑒𝑛𝑖,𝑘,𝑇 =
𝑆𝑈𝑀𝑔𝑒𝑛𝑖,𝑘,𝑇

𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇
  5.18 

Where 𝑇𝑆𝑝𝑜𝑚𝑗,𝑘,𝑇 is the tracking signal for the forecast of the PoM in substitute group j, at the 

distribution centre k, for time period T. 𝑇𝑆𝑔𝑒𝑛𝑖,𝑘,𝑇  is the tracking signal for the forecast of 

generic i, at the distribution centre k, for time period T.  

 

5.4.6 Assessment of tracking signals 

When the tracking signal has been calculated, it should be used to validate the credibility of the 

forecast. Preferably the tracking signal should fluctuate close to zero, indicating that the forecast 

errors are above zero about as often as they are below. i.e. this would indicate that the forecast 

overestimates the demand as often as it underestimates it and can thus be considered unbiased. 

If the sum of errors deviate significantly from zero, the forecast errors can no longer be 

considered stochastic, but systematic, which indicates that the forecast is biased. Proposedly 

the following relation should be satisfied for the forecast to be considered unbiased. 

[𝑇𝑆𝑝𝑜𝑚𝑗,𝑘,𝑇] < 0,5  5.19 

And  

[𝑇𝑆𝑔𝑒𝑛𝑖,𝑘,𝑇] < 0,5  5.20 
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The user should be provided with a deviation report if the relationship above is not satisfied. 

Naturally, the user should also be informed for which generic the deviation has occurred, so 

that the cause of this deviation can be investigated. The forecasting method should be replaced 

if it proves to be an undiscovered trend that has cause the deviation. The generic could either 

be handled manually henceforth, or the forecasting method previously described could be 

replaced with a forecast method suitable to forecast demand with a trend. It should be noted 

however, that the test proposed above could yield false alarms. Not all deviations indicate an 

undiscovered trend. Therefore, it is proposed that the value 0,5 could be altered if the user 

experience unreasonable large amount of deviations that proves to be false alarms.            

 

5.4.7 In the case of a trend 

It has, so far, been proposed in this chapter that it is initially assumed that no generic is 

influenced by any trend. Thus, the demand of any generic is suitably forecasted using the 

method described in 5.4.4 Forecast. Furthermore, it was proposed that the occurrence of trends 

should be investigated consistently using tracking signals, and that, in the event of a trend 

another forecasting method is required, see 5.4.6 Assessment of tracking signals. However, such 

a forecasting method has yet to be described. Holt´s method is an example of a forecast method 

suitable to forecast demand influenced by a linear trend (Ghiani, Laporte, & Musmanno, 2013). 

Using the variables previously defined, the updating procedure for Holt´s method can be 

expressed as 

𝑃𝑗,𝑘,𝑇+1 = 𝐴𝑗,𝑘,𝑇 + 𝐵𝑗,𝑘,𝑇  5.21 

𝐴𝑗,𝑘,𝑇 = 𝛼𝑍𝑗,𝑘,𝑇 + (1 − 𝛼)(𝐴𝑗,𝑘,𝑇−1 + 𝐵𝑗,𝑘,𝑇−1) 5.22 

𝐵𝑗,𝑘,𝑇 = 𝛽(𝐴𝑗,𝑘,𝑇 − 𝐴𝑗,𝑘,𝑇−1) + (1 − 𝛽)𝐵𝑗,𝑘,𝑇−1 5.23 

And 

𝑝𝑖,𝑘,𝑇+1 = 𝑎𝑖,𝑘,𝑇 + 𝑏𝑖,𝑘,𝑇  5.24 

𝑎𝑖,𝑘,𝑇 = 𝛼𝑧𝑖,𝑘,𝑇 + (1 − 𝛼)(𝑎𝑖,𝑘,𝑇−1 + 𝑏𝑖,𝑘,𝑇−1) 5.25 

𝑏𝑖,𝑘,𝑇 = 𝛽(𝑎𝑖,𝑘,𝑇 − 𝑎𝑖,𝑘,𝑇−1) + (1 − 𝛽)𝑏𝑖,𝑘,𝑇−1 5.26 

Here, 𝐴𝑗,𝑘,𝑇 denotes the estimated demand level for the PoM of substitute group j, at distribution 

centre k, estimated at time period T. 𝐵𝑗,𝑘,𝑇 denotes the estimated trend for the PoM of substitute 

group j, at distribution centre k, estimated at time period T. Likewise 𝑎𝑖,𝑘,𝑇 denotes the demand 

level for generic i, at distribution centre k, estimated at time period T. 𝑏𝑖,𝑘,𝑇 denotes the trend of 

generic i, at distribution centre k, estimated at time period T.  

Recall however that the simple exponential smoothing method is not suitable to forecast 

intermittent demand. For similar reasons one can assume that neither Holt´s method is suitable 

to forecast the variables 𝑍𝑗,𝑘,𝑇  and 𝑧𝑖,𝑘,𝑇  since 𝑍𝑗,𝑘,𝑇 = 0  or 𝑧𝑖,𝑘,𝑇 = 0  for some periods. 

Consider for example a scenario where generic i is the PoM, 𝑧𝑖,𝑘,𝑇 would equal zero due to the 

data pre-processing. Consequently, the estimated demand level 𝑎𝑖,𝑘,𝑇 and the trend 𝑏𝑖,𝑘,𝑇 would 

decrease if the forecast is updated with values from this period. As a result, the forecasted 

demand for generic i would be underestimated once the generics is not the PoM any more. 
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Below is a proposed method possibly suitable to forecast demand influenced by a trend with 

missing data. The method is based on Holt´s method but has been altered to cope with the 

missing data that occur due to the data pre-processing. Like the forecast method proposed in 

5.4.4 Forecast, this method aims to forecast the demand of the generic, 𝑝𝑖,𝑘,𝑇+1, and the PoMs, 

𝑃𝑗,𝑘,𝑇+1, for the upcoming month, given that demand will occur.  

𝑃𝑗,𝑘,𝑇+1 = 𝐴𝑗,𝑘,𝑇 + 𝐵𝑗,𝑘,𝑇 ,                                                          𝑍𝑗,𝑘,𝑇 ≠ 0 5.27 

𝐴𝑗,𝑘,𝑇 = 𝛼𝑍𝑗,𝑘,𝑇 + (1 − 𝛼)(𝐴𝑗,𝑘,𝑇−1 + 𝐵𝑗,𝑘,𝑇−1𝑅𝑗,𝑘,𝑇−1),   𝑍𝑗,𝑘,𝑇 ≠ 0 5.28 

𝐵𝑗,𝑘,𝑇 = 𝛽
𝐴𝑗,𝑘,𝑇−𝐴𝑗,𝑘,𝑇−1

𝑅𝑗,𝑘,𝑇−1
+ (1 − 𝛽)𝐵𝑗,𝑘,𝑇−1,                          𝑍𝑗,𝑘,𝑇 ≠ 0 5.29 

𝑅𝑗,𝑘,𝑇 = 1,                                                                                  𝑍𝑗,𝑘,𝑇 ≠ 0 5.30 

 

𝑃𝑗,𝑘,𝑇+1 = 𝑃𝑗,𝑘,𝑇 + 𝐵𝑗,𝑘,𝑇 ,                                                          𝑍𝑗,𝑘,𝑇 = 0 5.31 

𝐴𝑗,𝑘,𝑇 = 𝐴𝑗,𝑘,𝑇−1,                                                                        𝑍𝑗,𝑘,𝑇 = 0 5.32 

𝐵𝑗,𝑘,𝑇 = 𝐵𝑗,𝑘,𝑇−1,                                                                        𝑍𝑗,𝑘,𝑇 = 0 5.33 

𝑅𝑗,𝑘,𝑇 = 𝑅𝑗,𝑘,𝑇−1 + 1,                                                                𝑍𝑗,𝑘,𝑇 = 0 5.34 

What differentiate this method from Holt´s method is the inclusion of variable 𝑅𝑗,𝑘,𝑇 . The 

variable, 𝑅𝑗,𝑘,𝑇, indicates the number of periods that has passed since the last period where 

𝑍𝑗,𝑘,𝑇 ≠ 0. Note that in a scenario where 𝑍𝑗,𝑘,𝑇 ≠ 0 for all time periods, i.e. no missing data 

occurs, the variable 𝑅𝑗,𝑘,𝑇 = 1 for all periods. Consequently, the whole updating procedure 

would mimic Holt´s method. Note also that 𝐴𝑗,𝑘,𝑇 = 𝐴𝑗,𝑘,𝑇−1 for 𝑍𝑗,𝑘,𝑇 = 0 thus 𝐴𝑗,𝑘,𝑇−1 is not 

necessary estimated one period ago but rather 𝑅𝑗,𝑘,𝑇−1  periods ago. Consequently, the 

expression 𝐴𝑗,𝑘,𝑇 − 𝐴𝑗,𝑘,𝑇−1 is not necessarily the trend that has occurred in-between the current 

period T and the past period T-1 but rather the increase in demand that has occurred during the 

past 𝑅𝑗,𝑘,𝑇−1  periods. Thus, 
𝐴𝑗,𝑘,𝑇−𝐴𝑗,𝑘,𝑇−1

𝑅𝑗,𝑘,𝑇−1
 is the demand increase per period, i.e. the trend. 

Furthermore, since 𝐴𝑗,𝑘,𝑇 is not updated each period, the updating procedure for this variable 

must be altered from the original proposed by Holt. Adding the most recent estimation of the 

trend, 𝐵𝑗,𝑘,𝑇−1, to the most recent estimation of the demand level, 𝐴𝑗,𝑘,𝑇−1, would be an adequate 

estimation of the current demand level 𝐴𝑗,𝑘,𝑇  if 𝐴𝑗,𝑘,𝑇−1  was estimated one period ago. 

However, due to the missing data, 𝐴𝑗,𝑘,𝑇−1  is always estimated 𝑅𝑗,𝑘,𝑇−1  periods ago, thus 

𝐴𝑗,𝑘,𝑇−1 + 𝐵𝑗,𝑘,𝑇−1𝑅𝑗,𝑘,𝑇−1 should be a more appropriate estimation of the current demand level 

𝐴𝑗,𝑘,𝑇. What this change ultimately means is that, if the current periods sales equals zero, the 

forecast for the upcoming period will essentially be the two periods ahead forecast established 

one period ago.  
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5.4.8 Matching the generic with the appropriate forecast 

It should be evident now that in every substitute group there are more forecasts than there are 

generics, i.e. one extra forecast for the PoM. Each generic must therefore be fitted with an 

appropriate forecast before the reorder points can be obtained. This is essential to ensure that 

the reorder point of a generic that is the PoM is not based on a forecast of a non-PoM generic, 

and vice versa. Connecting the PoM forecast with the generic that is the PoM could be done by   

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇 = 𝑝𝑖,𝑘,𝑇(1 − 𝐷𝑖,𝑗,𝑇) + ∑ 𝑃𝑗,𝑘,𝑇𝐷𝑖,𝑗,𝑇
𝐽
𝑗=1   5.35 

and 

𝑀𝐴𝐷𝑖,𝑘,𝑇 = 𝑀𝐴𝐷𝑔𝑒𝑛𝑖,𝑘,𝑇(𝟏 − 𝐷𝑖,𝑗,𝑇) + ∑ 𝑀𝐴𝐷𝑝𝑜𝑚𝑗,𝑘,𝑇𝐷𝑖,𝑗,𝑇
𝐽
𝑗=1 . 5.36 

Here 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇 denotes the forecast that generic i is to be controlled by at distribution centre 

k during time period T. 𝑀𝐴𝐷𝑖,𝑘,𝑇 denotes the MAD value for this forecast.  

   

5.4.9 Determining the reorder point  

The reorder point can be obtained once each generic has been connected with an appropriate 

forecast.  The reorder points are gained through equation 3.34 provided by Axsäter (2006).  

𝑅𝑂𝑃𝑖,𝑘,𝑇 = 𝜇𝑖,𝑘,𝑇 + 𝑆𝑆𝑖,𝑘,𝑇   5.37 

Here 𝑅𝑂𝑃𝑖,𝑘,𝑇 denotes the reorder point for generic i, at distribution centre k, during time period 

T.  𝜇𝑖,𝑘,𝑇 denotes the expected demand during the lead time and 𝑆𝑆𝑖,𝑘,𝑇 denotes the safety stock. 

The expected demand during the lead time is estimated using the forecast. Thus 

𝜇𝑖,𝑘,𝑇 = 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇
𝐿𝑖,𝑘

𝑁
   5.38 

Where 𝐿𝑖,𝑘 denotes the lead time (in days) for generic i at distribution centre k. N denotes the 

number of days forecasted. The safety stock 𝑆𝑆𝑖,𝑘,𝑇  can be obtained using the MAD value 

𝑀𝐴𝐷𝑖,𝑘,𝑇 and equation 3.33 and 3.15 provided by Axsäter (2006). 

𝑆𝑆𝑖,𝑘,𝑇 =  𝑧𝑝𝜎𝑖,𝑘,𝑡   5.39 

Where 

𝜎𝑖,𝑘,𝑡 = (𝑀𝐴𝐷𝑖,𝑘,𝑇√
𝜋

2
) (√

𝐿𝑖,𝑘

𝑁
)  5.40 

Here 𝑧𝑝 is the desired safety factor. Appropriate values for 𝑧𝑝 are found in Appendix 3. Note that 

p denotes the probability that the demand during the lead time will exceed the reorder point, i.e. 

the desired service level. 𝑧𝑝 could also be dependent on the generic and then be denoted 𝑧𝑝,𝑖 e.i. 

the safety factor for generic i. Thus different degrees of protection could be chosen for different 

generics.    
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5.4.10 Alternative reorder points       

The reorder point calculation previously described assumes that the demand is a normally 

distributed variable. As mention before, this assumption is not reasonable in all scenarios e.g. 

when the average demand during the lead time is below 10 units. Instead it is proposed that a 

discrete distribution is assumed. The normal distributions effects on the inventory control of 

generics has not been studied. I.e. it is unknown if this assumption yields significantly large 

errors to encourage the use of other distributions. Nevertheless, this section will provide some 

alternative methods that are based on discrete distributions. 

Recall that the reorder point is determined by the probability that the demand during the lead 

time will exceed the reorder point, 𝑃(𝐷(𝐿) ≤ 𝑅). Seemingly the equations 3.35 and 3.36 could 

therefore be used to determine adequate reorder points. This would assume that the demand 

during the lead time has a negative binomial distribution. Note that these equations can be used 

to assess the probability of the demand being equal to a set value k, which is different from the 

probability of the demand being below k. The equation could however be used to determine the 

probability of demand being below k units if it is assumed that the demand is non-negative 

𝐷(𝐿) ≥ 0. The probability that the demand is below 2 units, 𝑃(𝐷(𝐿) ≤ 2), would then equal 

𝑃(𝐷(𝐿) = 0) + 𝑃(𝐷(𝐿) = 1) + 𝑃(𝐷(𝐿) = 2). In a more general form 

𝑃(𝐷(𝐿) ≤ 𝑅) =  𝑃(𝐷(𝐿) = 0) + 𝑃(𝐷(𝐿) = 1) + ⋯ + 𝑃(𝐷(𝐿) = 𝑅). 5.41 

Where 𝑃(𝐷(𝐿) = 𝑘) is obtained by equation 3.35 and 3.36. Note that the values of 𝑝 and 𝑟 will 

be unique for each generic and distribution centre. The values of 𝑝 and 𝑟 are obtained by the 

values of 𝜇 and 𝜎 through equation 3.37 and 3.38. 𝜇 denotes the average demand during the 

lead time and 𝜎 is the standard deviation of the demand during the lead time. Both can be 

estimated by the forecast and the accuracy measurements by equations 5.38 and 5.40. 

Alternatively, equation 3.39 could be used to determine 𝑃(𝐷(𝐿) = 𝑘). This would require an 

appropriate estimation of 𝜆 which could be gained by 

𝜆 = 𝜇𝑖,𝑘,𝑇 = 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇
𝐿𝑖,𝑘

𝑁
.  5.42 

5.4.11 Predicting stock outs 

As mentioned in section 2.5 Experienced shortcomings and challenges, it would be useful to 

predict if one of the reserves will replace the PoM. This could, to some extent, be done if it is 

assumed that the demand can be described as a normally distributed stochastic variable, i.e. one 

of the assumptions currently made. The cumulative normal distribution function Ф(∙) could 

then be used to assess how likely it is that the current inventory level 𝐼𝑖,𝑡 will exceed the demand 

during the remainder of the month. In extension, how likely it is that the current inventories 

will satisfy the demand throughout the month. If the demand at each distribution centre is 

normally distributed with a mean of 𝜇𝑖,1,𝑇 ,  𝜇𝑖,2,𝑇 , 𝜇𝑖,3,𝑇  and a standard deviation of 𝜎𝑖,1,𝑡 , 

𝜎𝑖,2,𝑡, 𝜎𝑖,3,𝑡 the sum of these variables, i.e. the conjoint demand, is also a normally distributed 

variable (Vännman, 1990). This new variable will have the mean 𝜇𝑖,𝑇, obtained by equation 

5.43, and the standard deviation 𝜎𝑖,𝑡, obtained in equation 5.44 (ibid). 

𝜇𝑖,𝑇 = 𝜇𝑖,1,𝑇 + 𝜇𝑖,2,𝑇 + 𝜇𝑖,3,𝑇  5.43 

𝜎𝑖,𝑡 = √𝜎𝑖,1,𝑡
2 + 𝜎𝑖,2,𝑡

2 + 𝜎𝑖,3,𝑡
2.  5.44 
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The cumulative normal distribution function Ф(∙) could then be used to estimate the probability 

that the current inventory levels, 𝐼𝑖,𝑡, will be sufficient to cover the demand during the remainder 

of the month 𝐷𝑖,𝑡, 𝑃(𝐷𝑖,𝑡 < 𝐼𝑖,𝑡). This could be done through equation 5.45 below.  

𝑃(𝐷𝑖,𝑡 < 𝐼𝑖,𝑡) = Ф (
𝐼𝑖,𝑡−𝜇𝑖,𝑇

𝜎𝑖,𝑡
)  5.45 

The values of Ф(∙) are available in Appendix 4. Note that this requires that the means 𝜇𝑖,1,𝑇, 

 𝜇𝑖,2,𝑇 , 𝜇𝑖,3,𝑇  and standard deviations 𝜎𝑖,1,𝑡 , 𝜎𝑖,2,𝑡 ,  𝜎𝑖,3,𝑡  are based on the number of days 

remaining of the current month, 𝑛, not the lead time, 𝐿𝑖,𝑘. Thus equation 5.38 and 5.40 cannot 

be used for this purpose. Instead, 𝜇𝑖,𝑘,𝑇 and 𝜎𝑖,𝑘,𝑡 are obtained in equation 5.46 and 5.47 below. 

𝜇𝑖,𝑘,𝑇 = 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇
𝑛

𝑁
   5.46 

𝜎𝑖,𝑘,𝑡 = (𝑀𝐴𝐷𝑖,𝑘,𝑇√
𝜋

2
) (√

𝑛

𝑁
)  5.47 
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6 DISCUSSION 

This chapter contains some remarks on the use of alternative forecast techniques and the result provided 

in previous chapter. This chapter also provides recommendations for further studies.    

6.1 ALTERNATIVE FORECAST METHODS 
This project has only examined the applications of quantitative forecasting methods. 

Forecasting in connection of inventory control requires fast, cheap, and accurate short-term 

forecasts, characteristic typically found in quantitative forecasting methods. It is however 

possible that the demand of some products is more accurately forecasted by using qualitative 

methods, since these methods are suitable when multiple factors influences the demand. One 

such example could be the demand of medicine for pollen allergies. One can imagine that the 

demand of this medicine skyrockets when pollen occur. It would therefore be useful to foresee 

when pollen will occur in different regions. Experts can probably estimate this more accurately 

than a numerical study of the historical sales. However, qualitative methods are generally more 

expensive then quantitative. It is therefore questionable whether the improved forecast accuracy 

is enough to justify the use of such methods.  

Furthermore, this project has focused on the use of intrinsic forecasting techniques rather than 

extrinsic forecasting techniques. It is possible that the demand of generics could be more 

accurately estimated using extrinsic techniques that considers numerous factors. It is 

imaginable that the demand of a generic in a region is dependent on the population of this 

region. It is therefore possible that there are other external factors that influences the demand 

of certain items. The demand of sunscreen lotions is probably higher for periods where the 

population of a region travels more. Perhaps when the weather in this region is bad, or when 

the GNP is high. Although extrinsic forecasting methods could be used it is likely to be 

exhausting to implement such forecasting techniques. This is because the factors that influence 

the demand probably depends on the type of product. Thus, each product and correlating factors 

would have to be assessed individually. 

6.1.1 Other influencing factors  

The forecast method composed during this project originates from intrinsic methods such as the 

exponential smoothing, Croston´s and Holt´s method. This means that the forecast is primarily 

based on historical data of the same variable that is to be forecasted, i.e. the demand. However, 

it is evident that the historical demand is not sufficient to forecast the demand of a generic 

accurately. To do this it is essential to consider whether this generic will be the PoM or not, 

since this factor has a considerable impact on the demand. The presence of such a crucial factor 

raises the question whether more factors exists that are equally vital?  

Possibly, the evaluation of the daily demand of PoMs indicated a peak in demand during the 

first days of the month. Commonly the daily demand exceeds four times the average daily 

demand at this peak. Still, it not unusual with month where no such peak occurs. During these 

month, the daily demand seems rather steady throughout the month. This could be explained as 

fluctuations in demand, but it could also be an indication of another vital factor that preferably 

should be considered. One possible explanation could be given if two types of PoMs are 

defined, the newcomers and the veterans. Newcomers are generics that are about to become the 

PoM but has not been the PoM the current month. i.e. generic i is a newcomer if 𝐷𝑖,𝑗,𝑇 ≠ 𝐷𝑖,𝑗,𝑇+1 
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and 𝐷𝑖,𝑗,𝑇+1 = 1. Veterans are generics that are the current PoM and will remain the PoM for 

the oncoming month. i.e. generic i is a veteran if 𝐷𝑖,𝑗,𝑇 = 𝐷𝑖,𝑗,𝑇+1 = 1. If the two types of PoMs 

are considered in perspective of a pharmacy, it seems logic that the pharmacy is likely to have 

some stock left of the previous PoM at the end of a month. Especially if it is known, two weeks 

ahead, that the same generic is to become the PoM for the oncoming month. Consequently, the 

pharmacy will not order large amount of the PoM during the first days of the new month. In the 

case on newcomers however, the pharmacy is probably less keen to retain the stock levels of 

the current PoM at the end of the month. Consequently, the pharmacies will order large amount 

of the new PoM during the first days of the new month. Although the difference between 

newcomers and veterans could be a factor that influence the demand it should be noted that this 

is but a theory based on few observations. It is therefore recommended that this theory is 

properly examined before this factor is considered in any forecast.          

6.2 THE RESULTS 
This sections contains some remarks on the results provided in chapter 5 Results. The 

assessment of the distribution sales proportion is discussed and some flaws with the proposed 

method is pointed out.    

6.2.1 Evaluation of the assumptions 

In section 5.3.1 of this paper, the distribution centres sales proportions were evaluated. It was 

concluded that these proportions were relatively steady during the 14-month studied. Still, this 

does not necessarily mean that the assumption is reasonable. The study performed was limited 

to evaluate the combined sales of all products for each individual distribution centre. Thus, it 

was shown that it is reasonable to assume that a distribution centre constitutes a fixed amount 

of the combined sales of all product. This is however different from assuming that a distribution 

centre constitutes a fixed proportion of the sales of a specific product.  

6.2.2 Flaws with the proposed forecast approach  

Throughout chapter 5.4 An alternative forecast approach is proposed. There are however some 

obvious flaws with this method which will be discussed in this session. Seemingly, the proposed 

method is suitable in more scenarios then currently employed methods. Still, there are certain 

circumstances under which the method is not suitable. The scenario that occurs when no PoM 

is assigned is one of those. If generic i is not the PoM of the substitute group j, 𝐷𝑖,𝑗,𝑇 = 0. The 

inventory control of generic i would then automatically assume that there is some other generic 

in substitute group j that is the PoM. It is thus assumed that the demand of generic i is 

completely independent of the demand of the PoM of substitute group j. This assumption is 

reasonable as long as there is a PoM assigned to substitute group j. On occasions where no PoM 

is assigned to substitute group j it is evident that the demand from patients that would have 

chosen the PoM will now chose one of the generic in substitute group j, i.e. a generic that is not 

the PoM. Thus, the demand of generic i is no longer independent of the demand of the PoM of 

substitute group j. Note that if no generic is assigned to be the PoM of substitute group j, 𝐷𝑖,𝑗,𝑇 =

0 for all generics in this substitute group. This ultimately means that the inventory control of 

all generics in this group assumes that the demand of the PoM is covered by another generic in 

the same group. Consequently, the forecast 𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇  and the reorder point, 𝑅𝑂𝑃𝑖,𝑘,𝑇  is 

likely to underestimate the demand. Furthermore, this scenario can cause issues with the 

forecast in succeeding periods. If the sales from a period where no PoM was chosen is used to 
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update the forecast with the proposed procedure, sales will be recorded and stored as the 

demand of a specific generic rather than the demand of the PoM. As mentioned before, the 

demand of a non-PoM generic within a substitute group without a PoM is likely to be larger 

than usual. As a result, the forecasts are likely to overestimate the demand for the succeeding 

month. To handle this flaw, it is recommended that all generics within the same substitute group 

are handled manually, on occasions where no PoM is assigned. This recommendation also 

applies to the currently used method. Furthermore, it is recommended that sales from months 

where no PoM is chosen are disregarded and not used to update the forecast. This is done with 

easy if the proposed method is used. Manually setting the recorded value of  𝑍𝑗,𝑘,𝑇 and 𝑧𝑖,𝑘,𝑇 to 

be equal to 0, for all generic i in the substitute group would ensure that the forecast is not 

updated.  

Another unique scenario that can cause problems with the forecast is when more than one 

generic is the PoM of a substitute group. One can imagine that the demand of the PoM of a 

substitute group will not be doubled or tripled just because there are more PoMs assigned. Still, 

this is essentially what the proposed method would assume. When generic i is assigned to be 

the PoM of substitute group j, 𝐷𝑖,𝑗,𝑇 = 1 . The inventory control of generic i would then 

automatically assume that generic i is the only generic that will satisfy the demand of PoM 

within this substitute group. This assumption is reasonable as long as there only is one PoM in 

the substitute group. When more than one PoM is assigned, it seems likely that the demand of 

the PoM will be split amongst the chosen generics. The proposed method would however 

assume that each generic chosen to be the PoM will be the sole PoM of its group, and should 

thus be able to solely satisfy the demand of the PoM. As a result, the forecasted demands 

𝐹𝑜𝑟𝑒𝑐𝑎𝑠𝑡𝑖,𝑘,𝑇 and the reorder points 𝑅𝑂𝑃𝑖,𝑘,𝑇  for at least one of the chosen generics are likely 

to be oversized in comparison to the actual demand. The proposed method can therefore not be 

considered ideal for this scenario. One should note that in contrast to the previous scenario 

discussed, sales data from this scenario should not cause any issues with the data pre-processing 

and can thus be used to update the forecast. This is ensured by equation 5.1 that records the 

combined sales of all PoMs within the same group as the demand of the PoM. Still, the question 

of how this scenario should be handled remains. To answer this question requires some 

understanding of how the demand will be split amongst the PoMs. Further studies are therefore 

required to determine if the demand will be equally distributed amongst the PoMs, or if one of 

the PoMs will be favoured above the others, and if so, why.     

One could question whether the proposed method is suitable since scenarios occurs, as the two 

mentioned above, which the method is clearly unable to cope with in an appropriate way. Still, 

it should be noted that these scenarios will cause similar issues with the currently used methods, 

and that the proposed method is suitable for scenarios where the locally developed Excel tool 

must be used instead of the business software. In terms of availability, one could therefore argue 

that the proposed method is superior to the currently used methods.  
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6.3 FUTURE STUDIES AND RECOMMENDATIONS 
This project has not included testing or implementation of the proposed methods, see 5.4 An 

alternative forecast approach. Further studies are therefore required before any of the proposed 

methods are implemented.  

As previously mentioned the forecast methods proposed has not been tested with proper sales 

data. It is therefore unknown if it is reasonable to forecast the demand of a PoM using PoM 

sales data from other generics within the same substitute group. Preferably, this assumption 

should be assessed before it is used. Testing the methods on a few substitute groups and 

comparing the results, i.e. the forecast errors, with results from the current methods could 

indicate whether this assumption is reasonable or not.  

Although one of the aims of the alternative forecast approach was to develop a method that is 

suitable in multiple scenarios, there are still some scenarios that renders the method 

inappropriate, see 6.2.2 Flaws with the proposed forecast approach. To cope with these unique 

scenarios requires further studies. These studies should aim to investigate how the demand is 

distributed amongst the PoMs when multiple PoMs are assigned. Furthermore, it would be 

advantageous to study how the demand is distributed among the generics when no PoM is 

assigned. Further studies are also required to identify a suitable method for determining the 

reorder quantity.  

The current methods used should ideally be improved such that forecast errors can be measured 

at all times. This enables monitoring, continuous improvements and finetuning of the forecasts. 

Furthermore, it would be advantageous to develop and implement a method suitable in multiple 

scenarios. This could reduce the need for multiple methods.    
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7 CONCLUSION 

This chapter summarizes the results provided in chapter 5 Results and provides answers to the research 

questions.   

7.1 WHAT ASSUMPTIONS ARE TODAYS FORECASTING METHOD, REORDER POINT AND REORDER 

QUANTITY BASED ON AT THE STUDIED COMPANY?  
Three types of assumptions have been discovered, see 5.2 The assumptions. Assumptions 

regarding the demand model, proportion assumptions and assumptions connected to the 

methods used to determine the reorder point and reorder quantity.   

The currently used forecast methods assumes that the demand follows a constant demand 

model. In extension, it is assumed that trends or seasonal variations do not influence the 

demand. Furthermore, it is assumed that the demand is evenly distributed among the days of 

the month.  

It is assumed that the demand of a PoM constitutes a fixed proportion of the demand of a 

substitute group. Likewise, it is assumed that the demand of a generic that is not the PoM 

anymore constitutes for a fixed proportion of the demand of the substitute group. It is further 

assumed that the demand is distributed among the distribution centres according to fixed 

proportions.  

The method used to determine the reorder point assumes that the demand can be modelled as a 

normally distributed stochastic variable. The method used to determine the reorder quantity 

assumes the conditions listed below.  

• The demand is constant and continuous.  

• The ordering and holding cost are constant over time. 

• The batch quantity does not need to be an integer. 

• The whole batch quantity is delivered at the same time. 

• No shortages are allowed.  
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7.2 ARE THESE ASSUMPTIONS AND METHODS REASONABLE? 
The assumptions and methods used were assessed throughout chapter 5.3 Assumption 

assessment. The results of these assessments are summarized below.  

It was deemed reasonable to assume a constant demand model. Sales data from the 12 substitute 

groups studied indicated that none of these groups were influenced by an obvious trend. Neither 

did any of these substitute groups show signs of seasonal variations. The daily sales data 

indicated that the demand is dependent on the day of the month as well as the day of the week. 

However, although assuming constant daily demand is inaccurate, it is deemed reasonable due 

to the complexity of accounting for these rapid fluctuations.  

Through studying the sales of PoM compared with the total sales of the substitute group it was 

shown that the PoM sales proportions fluctuates considerably. Assuming that the demand of a 

PoM is a fixed proportion of the demand of the substitute group was therefore deemed 

unreasonable. Likewise, it was deemed unreasonable to assume that the demand of a non-PoM 

generic constitutes for a fixed proportion of the demand of the substitute group. Assuming that 

the demand is distributed among the distribution centres according to fixed proportions was 

deemed reasonable since these proportions were relatively steady. However, as mentioned 

before this assumption requires further assessments, see 6.2.1 Evaluation of the assumption.         

The method used to determine reorder point assumes a normally distributed demand. This is 

said to be sufficiently accurate if the demand during the lead time is large enough (proposedly 

above 10 units). Furthermore, the method is said to be considerably more convenient then the 

alternatives. This method is therefore deemed accurate for regularly demanded generics but 

alternatives should be considered for occasionally demanded generics. The method used to 

determine the reorder quantity can, in certain conditions, yield unreasonably large order 

quantities. This method was therefore deemed inappropriate for generics. 
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7.3 HOW CAN THE METHODS BE DEVELOPED WITH REGARDS TO RESEARCH QUESTION ONE 

AND TWO? 
An alternative forecast approach was provided in section 5.4 An alternative forecast approach. 

This approach and the methods described accounts for the assessments made in section 5.3 

Assumption assessment. The methods used to eliminate or replace the assumptions are 

summarized below. 

It was deemed reasonable to assume a constant demand model. Thus, the moving average 

method and the weighted moving average method are both suitable forecasting techniques. The 

exponential smoothing method is however proposed and used in section 5.4 since it minimizes 

the data requirements.  

Assuming that the PoM constitutes a fixed proportion of the demand was deemed inappropriate. 

Section 5.4.2 PoM demand assumption provides multiple alternatives to this assumption. 

Evidently it is therefore possible to avoid this assumption but it would require that new 

assumptions are made. The alternative forecast approach described in section 5.4 assumes that 

the demand of a PoM can be forecasted using PoM sales data from all generic within the same 

substitute group. The assumption that the demand is distributed among the distribution centres 

according to fixed proportions can be avoided if the forecast is based on data from business 

software.  

Alternatives to the current method used to determine the reorder point should proposedly be 

considered for occasionally demanded generic. Section 5.4.10 Alternative reorder points as well 

as section 3.2.3 Reorder point provides descriptions of such alternatives. The method used to 

determine the reorder quantity was deemed inappropriate for generics. The literature review has 

however failed to identify suitable alternatives.  
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APPENDIX 1 

The material below was used as guidance during the semi-structured interviews performed at 

the pharmaceutical firm. 

 

• Utnyttjas fasta eller rörliga orderkvantiteter? 

• Hur styrs apotekens påfyllnad av lager? manuellt eller via lagerstyrning?  

• Hur uppskattas framtida behovet? vilken data använder man? 

• Hur och till vilken grad prognostiserar ni? 

• Hur förbereder man sig inför helger/röda dagar? 

• Hur ofta beställs påfyllningar på apotek? Försöker man tex hålla en veckas behov i 

lager?   

• Hur tänker man kring inköp av R1? Hur förbereder man sig för att R1 kan komma att 

bli PV? Hur ser det ut med R2? 

• Vid byte av PV, köper man den nya PV direkt eller först eller när lagret av den gamla 

PV sjunkit? 

• Till vilken grad upplever man variationer i efterfrågan? Mer inför/under helg? 

Säsongsvariationer? Trender? 

• Har man någon uppfattning om hur många av patienterna som vill byta sina specifika 

läkemedel till PV? 

• Upplever man att viss generika är mer populära än andra, oavsett vilken som är PV?  

• Sker beslut av inköp lokalt av respektive apotek eller styrs det av ett centralt system 

som samtliga apotek nyttjar? 

• Har man specifika inköps-/beställningsdagar? och är de samma för alla apotek? 

• Vad har apoteken för incitament till att inte underskatta det framtida behovet? 

Straffavgifter? 

• Vad har apoteken för incitament till att inte överskatta det framtida behovet?  

• Hur ser returflödet ut? Får apoteken skicka tillbaka “hur mycket som helst”? 

• Vad har firman för relation till TLV? 

• Vad innebar avregleringen 2009 för er? 

• Första halvan av månaden kan både denna månadens och förra månadens PV säljas. 

Vi antar att apoteken då helst vill sälja förra månadens PV till kunderna för att bli av 

med den innan den 15e, men vad händer om det är prisskillnad mellan dessa? Vad 

händer efter den 15e med kvarvarande kvantitet? 

• Hur skulle distributionskedjan kunna förbättras? Hur skulle ni vilja att den förbättras? 
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APPENDIX 2 

The material below was used as guidance during the interviews performed at Tand- och 

Läkemedelsförmånsverket (TLV).  

 

• Hur mycket samarbetar ni med läkemedelsdistributörer? Varför är det intressant för er 

att samarbeta med dem? 

• Arbetar på uppdrag av staten, hur ofta uppdateras detta uppdrag?  

• Om förändring sker, hur snabbt går det att få igenom en förändring?   

• Till vilken grad involveras läkemedelsdistributörer i ert förändringsarbete? Involveras 

tillverkare? 

• När informeras läkemedelsdistributörer om eventuella förändringar? 

• Planeras/diskuteras några förändringar som kan förväntas påverka läkemedelskedjan? 

• Hur arbetar man för att minska behovet av R1? Finns det några framtidsplaner att 

förändra hanteringen av R1? 

• Korta perioder (för PV) kan leda till högre priser för distributörer, leverantörer och i 

slutändan också kunderna. Har det funnits tankar om att utöka periodens längd? 

• Kan straffavgiften vara olika för olika läkemedel/tillverkare?  

• Är det fasta straffavgifter för respektive läkemedel, eller kan de bero på faktorer som t 

ex när i månaden brist uppkommer? Dvs är straffavgiften den samma för ett specifikt 

läkemedel oavsett omständigheterna? 

• Hur funderar man på straffavgifter kring R1?  

• Hur bekräftar tillverkare att de är kapabla att förse hela den svenska marknaden? (Ex 

via lagersaldo). 

• Har man övervägt att förändra valet av PV t ex att även ta hänsyn till tillverkarens 

tidigare leveransförmågor? 

• Hur tänker man kring delad periodens vara? Varför delar man? Kan det vara ett 

resultat av att ingen tillverkare ensam kan bekräfta att de kan förse hela marknaden 

under perioden? Har man funderat på andra metoder?  

• Vad händer om ingen kan bli R1? 

• Vad händer om ingen tillverkare kan bekräfta att de kan förse hela den svenska 

marknaden? 

• Arbetar man för att förhindra parallellimport? Hur? 

• Vilken data används för att säkerställa att tillverkare klarar av att förse den svenska 

marknaden? IMS? 

• Gör man någon typ av prognostisering för behovet av PV? 

• Vad händer om TLV har överskattat eller underskattat det förväntade behovet av PV? 

• Hur ser processen ut när apotek anmäler tillverkare? Hur snabba är apoteken på att 

anmäla? Hur beslutas vilka anmälningar som uppföljs? 

• Hur ofta händer det att tillverkarna själva anmäler brist på PV? Påverkar detta 

straffavgiften? 

• Kan apoteken få straffavgifter? Vad finns det för incitament för apoteken att anmäla? 

• Hur länge får det vara brist på PV för att leverantören blir av med sitt “PV-uppdrag” 

just den månaden? 

• Innebär alltid en straffavgift att R1 blir den nya PV? vad händer om det inte finns 

några reserver? 
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APPENDIX 3 

The chart below provides appropriate values for 𝑧 𝑝 that corresponds to a given value of p, i.e. the 

desired probability. The chart was constructed in Excel using the function NORM.INV(p;0;1).   

 

 

  

p p p p

0,500 0,000 0,650 0,385 0,800 0,842 0,950 1,645

0,505 0,013 0,655 0,399 0,805 0,860 0,952 1,665

0,510 0,025 0,660 0,412 0,810 0,878 0,954 1,685

0,515 0,038 0,665 0,426 0,815 0,896 0,956 1,706

0,520 0,050 0,670 0,440 0,820 0,915 0,958 1,728

0,525 0,063 0,675 0,454 0,825 0,935 0,960 1,751

0,530 0,075 0,680 0,468 0,830 0,954 0,962 1,774

0,535 0,088 0,685 0,482 0,835 0,974 0,964 1,799

0,540 0,100 0,690 0,496 0,840 0,994 0,966 1,825

0,545 0,113 0,695 0,510 0,845 1,015 0,968 1,852

0,550 0,126 0,700 0,524 0,850 1,036 0,970 1,881

0,555 0,138 0,705 0,539 0,855 1,058 0,972 1,911

0,560 0,151 0,710 0,553 0,860 1,080 0,974 1,943

0,565 0,164 0,715 0,568 0,865 1,103 0,976 1,977

0,570 0,176 0,720 0,583 0,870 1,126 0,978 2,014

0,575 0,189 0,725 0,598 0,875 1,150 0,980 2,054

0,580 0,202 0,730 0,613 0,880 1,175 0,982 2,097

0,585 0,215 0,735 0,628 0,885 1,200 0,984 2,144

0,590 0,228 0,740 0,643 0,890 1,227 0,986 2,197

0,595 0,240 0,745 0,659 0,895 1,254 0,988 2,257

0,600 0,253 0,750 0,674 0,900 1,282 0,990 2,326

0,605 0,266 0,755 0,690 0,905 1,311 0,991 2,366

0,610 0,279 0,760 0,706 0,910 1,341 0,992 2,409

0,615 0,292 0,765 0,722 0,915 1,372 0,993 2,457

0,620 0,305 0,770 0,739 0,920 1,405 0,994 2,512

0,625 0,319 0,775 0,755 0,925 1,440 0,995 2,576

0,630 0,332 0,780 0,772 0,930 1,476 0,996 2,652

0,635 0,345 0,785 0,789 0,935 1,514 0,997 2,748

0,640 0,358 0,790 0,806 0,940 1,555 0,998 2,878

0,645 0,372 0,795 0,824 0,945 1,598 0,999 3,090
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APPENDIX 4 

The chart below provides the appropriate percentage value of Ф(𝑘) for a given value k. The chart 

was constructed in Excel using the function NORM.FÖRD(K;0;1;SANT). Note that Ф(−𝑘) = 1 −

Ф(𝑘).  

 

k k k k

0,000 0,500 1,000 0,841 2,000 0,977 3,000 0,99865

0,025 0,510 1,025 0,847 2,025 0,979 3,025 0,998757

0,050 0,520 1,050 0,853 2,050 0,980 3,050 0,998856

0,075 0,530 1,075 0,859 2,075 0,981 3,075 0,998947

0,100 0,540 1,100 0,864 2,100 0,982 3,100 0,999032

0,125 0,550 1,125 0,870 2,125 0,983 3,125 0,999111

0,150 0,560 1,150 0,875 2,150 0,984 3,150 0,999184

0,175 0,569 1,175 0,880 2,175 0,985 3,175 0,999251

0,200 0,579 1,200 0,885 2,200 0,986 3,200 0,999313

0,225 0,589 1,225 0,890 2,225 0,987 3,225 0,99937

0,250 0,599 1,250 0,894 2,250 0,988 3,250 0,999423

0,275 0,608 1,275 0,899 2,275 0,989 3,275 0,999472

0,300 0,618 1,300 0,903 2,300 0,989 3,300 0,999517

0,325 0,627 1,325 0,907 2,325 0,990 3,325 0,999558

0,350 0,637 1,350 0,911 2,350 0,991 3,350 0,999596

0,375 0,646 1,375 0,915 2,375 0,991 3,375 0,999631

0,400 0,655 1,400 0,919 2,400 0,992 3,400 0,999663

0,425 0,665 1,425 0,923 2,425 0,992 3,425 0,999693

0,450 0,674 1,450 0,926 2,450 0,993 3,450 0,99972

0,475 0,683 1,475 0,930 2,475 0,993 3,475 0,999745

0,500 0,691 1,500 0,933 2,500 0,994 3,500 0,999767

0,525 0,700 1,525 0,936 2,525 0,994 3,525 0,999788

0,550 0,709 1,550 0,939 2,550 0,995 3,550 0,999807

0,575 0,717 1,575 0,942 2,575 0,995 3,575 0,999825

0,600 0,726 1,600 0,945 2,600 0,995 3,600 0,999841

0,625 0,734 1,625 0,948 2,625 0,996 3,625 0,999856

0,650 0,742 1,650 0,951 2,650 0,996 3,650 0,999869

0,675 0,750 1,675 0,953 2,675 0,996 3,675 0,999881

0,700 0,758 1,700 0,955 2,700 0,997 3,700 0,999892

0,725 0,766 1,725 0,958 2,725 0,997 3,725 0,999902

0,750 0,773 1,750 0,960 2,750 0,997 3,750 0,999912

0,775 0,781 1,775 0,962 2,775 0,997 3,775 0,99992

0,800 0,788 1,800 0,964 2,800 0,997 3,800 0,999928

0,825 0,795 1,825 0,966 2,825 0,998 3,825 0,999935

0,850 0,802 1,850 0,968 2,850 0,998 3,850 0,999941

0,875 0,809 1,875 0,970 2,875 0,998 3,875 0,999947

0,900 0,816 1,900 0,971 2,900 0,998 3,900 0,999952

0,925 0,823 1,925 0,973 2,925 0,998 3,925 0,999957

0,950 0,829 1,950 0,974 2,950 0,998 3,950 0,999961

0,975 0,835 1,975 0,976 2,975 0,999 3,975 0,999965
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APPENDIX 5 

The chart below provides the values of 𝑡𝑛,𝑝 that corresponds to a given degree of freedom n and a 

given value of p, i.e. the desired probability.  

   

 

n 0,75 0,8 0,85 0,9 0,95 0,97 0,99

1 1,000 1,376 1,963 3,078 6,314 10,579 31,821

2 0,816 1,061 1,386 1,886 2,920 3,896 6,965

3 0,765 0,978 1,250 1,638 2,353 2,951 4,541

4 0,741 0,941 1,190 1,533 2,132 2,601 3,747

5 0,727 0,920 1,156 1,476 2,015 2,422 3,365

6 0,718 0,906 1,134 1,440 1,943 2,313 3,143

7 0,711 0,896 1,119 1,415 1,895 2,241 2,998

8 0,706 0,889 1,108 1,397 1,860 2,189 2,896

9 0,703 0,883 1,100 1,383 1,833 2,150 2,821

10 0,700 0,879 1,093 1,372 1,812 2,120 2,764

11 0,697 0,876 1,088 1,363 1,796 2,096 2,718

12 0,695 0,873 1,083 1,356 1,782 2,076 2,681

13 0,694 0,870 1,079 1,350 1,771 2,060 2,650

14 0,692 0,868 1,076 1,345 1,761 2,046 2,624

15 0,691 0,866 1,074 1,341 1,753 2,034 2,602

16 0,690 0,865 1,071 1,337 1,746 2,024 2,583

17 0,689 0,863 1,069 1,333 1,740 2,015 2,567

18 0,688 0,862 1,067 1,330 1,734 2,007 2,552

19 0,688 0,861 1,066 1,328 1,729 2,000 2,539

20 0,687 0,860 1,064 1,325 1,725 1,994 2,528

21 0,686 0,859 1,063 1,323 1,721 1,988 2,518

22 0,686 0,858 1,061 1,321 1,717 1,983 2,508

23 0,685 0,858 1,060 1,319 1,714 1,978 2,500

24 0,685 0,857 1,059 1,318 1,711 1,974 2,492

25 0,684 0,856 1,058 1,316 1,708 1,970 2,485

26 0,684 0,856 1,058 1,315 1,706 1,967 2,479

27 0,684 0,855 1,057 1,314 1,703 1,963 2,473

28 0,683 0,855 1,056 1,313 1,701 1,960 2,467

29 0,683 0,854 1,055 1,311 1,699 1,957 2,462

30 0,683 0,854 1,055 1,310 1,697 1,955 2,457

31 0,682 0,853 1,054 1,309 1,696 1,952 2,453

32 0,682 0,853 1,054 1,309 1,694 1,950 2,449

33 0,682 0,853 1,053 1,308 1,692 1,948 2,445

34 0,682 0,852 1,052 1,307 1,691 1,946 2,441

35 0,682 0,852 1,052 1,306 1,690 1,944 2,438

36 0,681 0,852 1,052 1,306 1,688 1,942 2,434

p


