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RIASSUNTO 

Lo scopo della seguente Tesi è comprendere come i diversi attori coinvolti nella Supply 

Chain, nell’industria fashion e del lusso, prendono decisioni sul livello di scorte, 

supponendo che l’obiettivo sottostante queste scelte sia massimizzare la profittabilità del 

proprio business. 

Una volta sviluppato un modello comportamentale capace di spiegare il processo 

decisionale di ogni attore, il passaggio successivo consiste nel definire qual è il livello di 

scorte, disponibili al pubblico per l’acquisto, capace di massimizzare i profitti dell’intera 

Supply Chain. Tutto questo tenendo conto di vincoli ed assunzioni necessarie per lo 

sviluppo del modello matematico. 

Il terzo ed ultimo passo si prefigge invece l’obiettivo di indagare come, attraverso l’analisi 

dei contratti, sia possibile allineare le decisioni riguardo alle scorte di ogni player 

coinvolto nella Supply Chain al livello che ottimizza il profitto sulla stessa Supply Chain. 

I contratti studiati sono quelli denominati: Wholesale Price, Quantity Discount, Buyback 

e Revenue Sharing. 

Sono stati indagati altri metodi possibili per massimizzare il profitto della Supply Chain 

facendo leva prima sulla suddivisione della stagione in più periodi all’inizio di ognuno 

dei quali fosse possibile ordinare la quantità desiderata. Dopo di questo è stato indagato 

in un contesto in cui la stagione fosse divisa in due periodi quale fosse la lunghezza 

ottimale di ciascuno di essi. 

In conclusione, il modello è stato allargato per comprendere nel modello decisionale altre 

variabili quali il costo in perdita di immagine per un brand quando i suoi prodotti vengono 

venduti in saldo alla fine della stagione. 

Keywords: Luxury, fashion industry, inventory management, supply chain, contracts, 

brand equity 
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ABSTRACT 

The main purpose of this Thesis is to understand firstly how the different actors involved 

in the Supply Chain, in the luxury fashion industry, take their decision on the inventory 

levels to keep in stock. These decisions are supposed to be taken having the specific 

purpose of maximizing the profitability of each player. 

Once developed a behavioral model able to explain how do they act, according to the 

constraints and the assumptions necessary for a mathematical representation, the next step 

consisted in defining which is the stock level, available for customer purchase, which 

allows to maximize the profit on the whole Supply Chain.  

The third and last step consisted in defining how is it possible to align each player on the 

inventory level which optimizes the profit along the Supply Chain through contracts. The 

contracts under investigation were the ones called: Wholesale Price, Quantity Discount, 

Buyback and Revenue Sharing. 

Other possible ways to maximize the profitability of the Supply Chain have been taken 

into consideration and explored. One leverage to reach this goal consists on splitting the 

season into several periods in which is possible for a shop to issue an order. Another 

leverage investigated regards the possibility to split the season in two time frames having 

two different durations. 

In conclusion the model has been enlarged involving new decision variables like the brand 

image damage cost of selling products at a discounted price at the end of the season. 

Keywords: Luxury, fashion industry, inventory management, supply chain, contracts, 

brand equity 
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EXECUTIVE  SUMMARY 

STUDY OBJECTIVES AND BEHAVIORAL MODEL  
The main objective of the present Master Thesis is to find which possible ways to manage 

the inventories in the luxury industry can maximize the profit along the Supply Chain 

(SC). The SC’s actors considered in this study are the Brand Owner (BO) and the Shop. 

In order to reach the final objective, the first question to be asked is: how do the players 

make their decision when it comes to defining the stock Target Level available for the 

customers?  

The methodologies used to describe the decisions process of each player refers the 

techniques of the Yield Management (or Revenue Management). Yield Management has 

been widely used in the service industry (hotels and air transport industry) but some 

concepts can be also applied to the manufacturing industry. 

On the basic assumption that each actor aims at maximizing its own profit, the Target 

Level of inventories to reach its goal is a function of its underestimation and 

overestimation cost. In particular it is equal to the sum of the demand mean and standard 

deviation multiplied by the quantile of the normal standard of the Critical Ratio (CR). 

The CR is the ratio between the underestimation costs and the sum of underestimation 

and overestimation costs. Where the underestimation costs are the costs generated by 

underestimating the demand, generally equal to the opportunity costs, and the 

overestimation costs are the costs generated by overestimating the demand. 

It is important to point out that considering in the analysis luxury and in particular fashion 

products they have a short life cycle. This means that at the end of the season they have 

to be sold at a discounted price, generating a loss. 

This model has been applied in different contexts: 

1. Single period, in which the Shop can issue an order only at the beginning of the 

season 

2. Multi-period and no correlated demand, in which the season is split in N periods 

having equal duration demand mean and standard deviation 

3. Multi-period and a correlated demand 

Firstly, all these contexts are analyzed keeping some assumptions. 



11 

 

1. A one echelon distributor has been considered  

2. A single SKU is taken into consideration 

3. The lead time equal to 0 

4. No restriction on the order quantity 

5. No return policy 

6. Perfect rationality of the actors 

Before proceeding with the analysis of each context previously cited, the following table 

offers a quick overview of the costs and revenues structure of each one of the two players. 

 

 Revenues  Costs 
Shop o Full price sales 

o Discounted price 
sales 

o Wholesale price 
o Variable costs (to keep in stock 

one piece for one period) 
Brand 
Owner 

• Wholesale price • Manufacturing costs 

TABLE 1: REVENUES AND COST STRUCTURE PER EACH PLAYER 

Single Period 

In a single period context, considering the Shop perspective, the underestimation cost is 

equal to the opportunity costs of selling a product at full price during the season, and the 

overestimation costs are equal to the loss generated by selling a product at a discounted 

price at the end of the season. In this case the overestimation costs for the shop are 

noticeable therefore a shop will tend to set a Target Level lower than the average demand. 

From the BO perspective underestimating the demand would mean losing the profit of 

the sale of one product. It is not possible instead to overestimate the demand because the 

order is issued at the beginning of the season, therefore before having produced all the 

quantity planned. This means that the BO tend to sell as much pieces as possible. 

The results of the simulation study conducted in the master thesis “Inventory 

Replenishment in Luxury Fashion Industry: An Advancement Strategy” (Dogan, 

Nikolovska) basically confirm that the Target Level found are the one that optimize the 

profit for the Shop. 

Multi-period and no Correlated Demand 
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In the multi-period the underestimation and overestimation costs analysis from the Shop 

perspective is more complex. If the season in split in �	parts, basically from period 1	to 

period � � 1 the overestimation costs is equal to the variable costs associated to keeping 

a stock a piece for one more period, as the product can be sold at full price in the following 

time frame. If a FIFO logic is assumed it is almost certain that the remaining stocks of 

period � � 1 will be sold in period �, also from a probabilistic standpoint. In the last part 

of the season (period �) instead the products which remain unsold should be sold at a 

discounted price. This means that in period � the overestimation costs are equal to the 

loss generated by selling a piece at a discounted price. 

The underestimation costs instead do not change and remain stable from the beginning to 

the last part of the season. They are equal to the opportunity cost generated by a stock-

out in one of the part in which the season is split. 

Therefore, from the Shop’s point of view the Target Level of inventories remains steady 

from period 1 to the period � � 1 and then drops during the last part of the season. This 

is what is shown in the following graph. 

 

FIGURE 1: TARGET LEVELS IN A MULTI-PERIODS CONTEXT 

 From the BO perspective instead, nothing changes with respect to the single period 

context. The cost of underestimating the demand is equal to the risk of losing the profit 

generated by selling one piece more. Given the fact that the orders come from the shop 
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at the beginning of each period there is no risk of overestimating the demand. Again, the 

BO will try to sell as much products as possible. 

In this case the optimal Target Level of stocks in each period can be easily determined by 

using Revenue Management techniques, but it is not easy to do that through a simulation 

study. As a matter of facts if 10 possible Target Levels are tested in each period, the 

number of simulation to be performed would be 10�. This is the main reason the average 

profit got through a simulation based on the Target Levels previously defined is higher 

than the ones got through the simulation study previously conducted, “Inventory 

Replenishment in Luxury Fashion Industry: An Advancement Strategy” (Dogan, 

Nikolovska).  

Multi-period and a Correlated Demand 

If a two periods context, in which the demand of the second period is correlated to the 

actual demand of the first one, is considered from a Shop perspective the Target Level of 

the first part of the season can be determined exactly in the same way used in the multi-

period environment having a not correlated demand. To define the Target Level of the 

second period instead it is necessary to wait for the end of the first part of the season to 

get the actual demand. This means that, each time the demand has been simulated, also 

the target level of the second period must be defined.  

The results coming from the simulation study once again confirm that the solution got 

from the model actually optimizes the Shop’s profit. 

PROFIT MAXIMIZATION  
Once defined the model describing the behaviors of the two actors further investigations 

can be conducted. The focus has been put on two issues: 

• In the Shop perspective, is it possible to increase the profit by splitting the season 

in two or more parts having different lengths? 

• From a Supply Chain perspective, does splitting the season in more than one 

period of identical length, increase the overall profit? 

When to order 
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If the overestimation and underestimation costs are kept fixed in a multi-period context, 

the length of each period can be considered a variable. In this case, which is the optimal 

duration of each part of the season that maximizes the Shop’s profit? 

What should be kept in mind is that the Target Levels obtained through the overestimation 

and underestimation costs analysis is the level that always optimizes the profit. If the 

duration of each part of the season can vary, it is easy to determine a new Target Level to 

optimize the profit. What can be changed in the model described, by considering different 

lengths for a part of the season are the variable costs. The variable cost, in the model, are 

the costs generated by keeping in stock one piece for a certain time. 

Though, given the fact that the CR defined guarantees the optimization of the products, 

the goal is minimizing the total variable costs for the shop and in the meanwhile 

maintaining the optimal Target Levels of stock, which is now a function of the length of 

each period. 

By minimizing the function is possible to understand which is the optimal duration of the 

period, but it seems clear that the impact on the profit is not strong, given the very little 

savings. 

Supply Chain’s Profit in a Multi-Periods Context 

 The goal is now understanding if splitting the season in more than a single time frame 

actually increases the profit along the Supply Chain.  

To have realistic results about this issue, the model used until now needs a further 

improvement. If, from the Shop perspective, splitting the season in � periods gives a clear 

advantage, as it can better follow the demand. From the point of view of the BO can be 

not the same. As a matter of fact, the BO in a multi-period environment will probably 

have additional costs due to the inefficiencies in the production planning and scheduling. 

This is the reason why in the model, the costs structure of the BO is considered different. 

The manufacturing costs which were the only ones considered from the BO perspective 

are now divided in a part of fixed unitary costs (50%), like the costs of raw materials and 

components, and for the second half of variable costs, related to the production 

scheduling, planning and efficiency, which increases its amount if the season is split in 

more than a single time frame. The division of the costs and the trend in a season split in 

N parts are shown in the graph below. 
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FIGURE 2 : PRODUCTION COSTI 

 

FIGURE 3: COST STRUCTURE IN A MULTI-PERIODS CONTEXT 

Given the manufacturer cost structure described and the data about the Shop, the 

simulation study clearly shows that the profit along the Supply Chain, which is the sum 

of the profits of both the BO and the Shop, increases until a certain value of �. It means 

that the profit along the Supply Chain increases by splitting the season in more period. In 

particular until � is too high and so the additional costs for the BO, generated by the 

increased production inefficiency, overcome the additional revenues which comes from 

the possibility to better follow the demand. The profits of the Shop, the BO and the Supply 

Chain are shown in the following graph. 
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FIGURE 4: PROFIT PER EACH ACTOR IN A MULTI-PERIODS CONTEXT 

 

FOCUS ON A SINGLE PERIOD CONTEXT : MAXIMIZATION OF THE PROFITS 

ALONG THE SUPPLY CHAIN AND CONTRACT MANAGEMENT  
Considering a single period context, until now it only known how the two actors act 

independently one from the other. Now the goal is understanding which is the Target 

Level which optimizes the profit along the Supply Chain (SC). 

In order to do that it is necessary to describe the cost structure of the entire SC. 

 Revenues  Costs 
Supply 
Chain 

o Full price sales 
o Discounted price 

sales 

o Manufacturing Cost 
o Variable costs (to keep in stock 

one piece for one period) 

TABLE 2: REVENUES AND COSTS STRUCTURE 

From the SC point of view the costs are both the one of the BO, which means the 

manufacturing costs, and the variable costs of the Shop. The revenues are the one 

generated by the sales to final customers. 

100000

150000

200000

250000

300000

350000

400000

1 period 2 periods 3 periods 4 periods 5 periods

Profits Map

Shop's Profit Brand Owner's Profit Supply Chain's Profit



17 

 

Therefore, from the SC perspective the underestimation costs are equal to the opportunity 

cost, which is the profit associated to the sale of one piece on the entire SC, and the 

overestimation cost is the one generated by the sale of a product at a discounted price, 

considering that the costs are higher that the discounted price. 

The computation states that the Target Level, which maximizes the profit along the SC, 

is higher than the one of the Shop. This means that acting independently the two players 

cause a loss of profit on the SC. 

The best mean by which align the will of both the BO and the Shop to the Target Level 

which optimizes the profit of the SC are the contracts. A contract can be a valuable way 

to split profit and risk between the two players. 

Four typologies of contract can be analyzed by means of the model previously described 

and so through Yield Management techniques: 

1. Wholesale Price: the simplest contract, in which the BO sells the products to 

the Shop at a fixed price 

2. Quantity Discount: the wholesale price decreases as the quantity ordered 

increase 

3. Buyback: at the end of the season the BO buyback at a certain price the 

remaining stocks of the Shop 

4. Revenue Sharing: the BO sells the products at a discounted price to the Shop 

which after the sale gives back to the BO a percentage of the revenues. 

Wholesale Price 

The Wholesale Price contract is the one that has been implicitly used in the analysis 

performed until this moment. As it has already been shown this typology of contract does 

not allow to align the players on the optimal Target Level for the SC but pushes instead 

the BO and the Shop to take individual decisions. 

Quantity Discount 

The Quantity Discount contract can be seen as a leverage, for the BO, to push the sales 

letting the Shop buy a higher quantity of products. An interesting question to answer is: 

which is the discount which let the Shop order quantity be equal to the optimal Target 

Level for the SC? 



18 

 

To compute this amount, it is necessary to rewrite the underestimation and the 

overestimation costs of the Shop as a function of this quantity. To do that it is enough to 

substitute in the formula the wholesale price (�	 ) with the wholesale price minus a 

quantity 
 (and so �	 � 
) which represents the quantity discount per piece. 

Once the CR, function of the quantity 
, is calculated it must be considered equal to the 

Supply Chain’s CR. From this equation it is possible to get the value of 
. 

Yet, the value get is equal to the BO’s profit per piece. This means that to let the Shop’s 

Target Level align to the SC’s one the BO should sell the products at a price which is 

equal to the manufacturing cost and this condition would not be acceptable by the BO. 

Buyback 

Buyback is the first contract that takes into account a cash flow between the BO and the 

Shop after the end of the season. This kind of cash flow allow to modify the 

overestimation cost for the shop, in particular it let the overestimation cost drop down. 

Consequently, the CR increases, and the Target Level does the same. 

To define which is the buyback price, that the BO pays to the Shop at the end of the season 

for buying back the remaining stocks, the procedure is similar to the one previously 

described for the quantity discount.  

As said before nothing changes about the underestimation cost as it remains equal to the 

opportunity cost. For what concerns the overestimation cost instead the only two things 

changing, if the overestimation costs of the wholesale price contract is considered a 

starting point, are the revenues generated by the sale at a discounted price which are not 

present if a buyback contract is adopted, because the Shop sell the end of the period stock 

to the BO, and the buyback price (�) which is subtracted to the overestimation cost. 

Once again, the CR function of � is considered equal to the SC’s CR and from this 

equation it is possible to obtain the buyback price. In the case considered the buyback 

price is higher than the wholesale price but the simulation conducted shows that 

eventually both the two actors increase their own profit. Which means that the benefits 

coming from the optimization of the profit on the SC are split.  

Revenue Sharing 



19 

 

Also, this typology of contract introduces a cash flow after the end of the season but 

differently from the Buyback contract this flow comes from the Shop. 

In this case two quantity must be determined. In the computation both the percentage of 

revenues (�) to be given to the BO and the quantity discount (
) are considered as 

percentage. In this case both the underestimation and overestimation costs are involved. 

Starting from the Shop perspective, the underestimation costs are equal to the opportunity 

cost but to this quantity is subtracted the part of revenues which should be given to the 

BO and it is added instead the discount on the order quantity. For what concerns the 

overestimation cost instead, with respect to the wholesale price contract, it is added the 

part of the revenues, coming from the sale at a discounted price, to be given to the BO 

and it is subtracted the quantity discount on the piece. 

The CR of the Shop calculated this way and function of both the percentage of revenues 

to be given to the BO and the percentage of unitary quantity discount is considered equal 

to the SC’s CR. 

Having two variable and just an equation, what can be found is not a single solution but 

a set of solution, displayed in the graphic below. 
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FIGURE 5: POSSIBLE COMBINATION OF QUANTITY DISCOUNT AND REVENUES’ PERCENTAGE GIVEN TO 

THE BO 

If the procedure is repeated for the BO it is interesting to know that the set of possible 

solution is the same of the Shop. 

Choosing one combination, and so one point on the line, have effects on how the profit 

of the SC are split among the two actors. Some of these solutions does not allow to reach 

a fair division of the benefit of the profit optimization on the SC but some others can.  

To understand which ones are applicable a simulation study has been conducted choosing 

different level of 
 and so of �. 
INTRODUCTION OF THE BRAND IMAGE DAMAGE  
Some costs can be hidden, especially in the short-term. One of them is the Brand Image 

Damage which affects the Brand Owner and so the Supply Chain’s future revenues 

streams. 

In this chapter a long-term point of view has been taken into consideration and the Brand 

Image Damage has been considered equal to the future lost sale in monetary terms 

generated by a sale at a discounted price. 
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Taking into consideration the loss in term of brand equity generated by promotions means 

to assume a long-term point of view which, in the case taken into consideration, contrasts 

with the long from the short-term point of view. 

By giving a value to the losses in terms of future sales caused by the promotion it is 

possible to calculate the inventory level available for the purchase the Brand Owner wants 

and the optimal inventory level from the Supply Chain’s perspective which maximizes 

the profitability of the company in the long-term. 
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INTRODUCTION 
The present Master Thesis takes steps from another one: “Inventory Replenishment in 

Luxury Fashion Industry: An Advancement Strategy” (Dogan, Nikolovska) and the aim 

is to build the theoretical background and so a model to understand how the players 

involved in the Luxury Fashion Industry take their decisions on the inventory level. 

The final goal of understand the way in which the two types of actors, the Shop and the 

Brand Owner, act is to find out firstly how the profit on the Supply Chain can be 

maximized and secondly how to align the decisions of the two players on the optimal 

Target level of inventories for the entire Supply Chain.    

In this section some information about the reference industry and the characteristics of 

the product considered are collected to provide all the information necessary to describe 

the context of analysis and its boundaries. 

Some investigations have been also dedicated to the theory of Revenue Management (also 

called Yield Management) which constitutes the basis for the mathematical model which 

describes how the decisions about the inventory level are taken by the player involved in 

the Supply Chain. 

After that, the research questions which drive the analysis are presented together with the 

aim of the study and at the end of this chapter the methodology which are intended to be 

used for the analysis are briefly introduced. 

Revenue Management: A Definition 

Revenue Management (RM) can be considered the group of techniques and practices 

which aim to increase the income of a company by improving operations. Can be taken 

as a reference what Talluri and van Ryzin wrote in 2004: 

“Revenue management is about selling the right product to the right customer at the right 

price, at the right time” 

This means that the number of decision encompassed RM can be listed this way. 

• Structural decisions 

• Pricing decisions 
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• Quantity decisions 

Which are the categories of the Demand Management ones. 

Structural decisions basically refer to the customer and so the market segmentation. 

Pricing decision determines the right price for a product to be sold at a customer within a 

specific market segment and the quantity ones regard the decision about whether to sell 

or not to sell after having received an offer or about how to address a fixed capacity. 

Cheraghi S. H. et al. (2010) 

Revenue Management: Early Stages and Applications 

The first application field of the Revenue Management techniques has been the airline 

industry during the seventies. In this environment the Revenue Management techniques 

basically served the purpose of understanding how many seats on an airplane must be 

reserved to be sold at a higher price to business customers. In other words, the aim was 

to maximize the expected profit in a context in which the production capacity, in this case 

the number of available seats on a plane, is fixed and so the margins can be enlarged just 

by selling to customers which are more willing to pay the tickets at a higher price 

(Rothstein 1971, 1974 and Littlewood 1972). The number of seats kept available for last 

minute booking can be called protection level. 

Interesting is the application of the traditional RM methods to the manufacturing field. In 

this case the decisions pointed out in the previous paragraph, after the definition of RM, 

can be conveniently adapted. 

• Structural decisions: some client is more willing to pay more, others can accept 

a longer lead time to obtain a lower price. This first division can lead to a first 

clustering. 

• Pricing decisions: even if pricing is the more immediate leverage to smooth 

demand and keep sales as stable as possible it assumes even another meaning if 

the production capacity a firm is considered perishable. 

• Quantity decisions: they can be considered the decisions on Capacity 

Management. For instance, a make-to-stock (MTS) environment can be taken into 

consideration. As a matter of fact, when the demand exceeds the inventory level, 
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and so when there is a stock-out, the lost sale can be considered an opportunity 

cost like the empty seats on an airplane during a flight (Cheraghi et al. 2010). 

A large part of the literature discussed about several application fields of RM inside the 

manufacturing industry. Beyond the description of the airline industry previously cited 

also topics like pricing, dynamic pricing, overbooking and inventory control have been 

tackled (Elmaghraby and Keskinocak 2003, Pak and Priesma 2002 and Bitran and 

Caldentey 2003).  

It is also to be noticed that many problems can be seen in the light of RM in order to have 

a different perspective. For instance, is possible to see the problem of order selection, 

previously managed in standard logic like FIFO and LIFO, from the point of view of 

Inventory management as a RM issue obtaining better results (Kuhn and Defregger 2007). 

Other paper focused on the possibility to optimize not only the inventory but also the 

production scheduling through a segmentation of the clients. In this case the cluster 

considered can be two or more (Benjaafar and Elhafsi 2006). 

Talking about the contexts in which is possible to apply RM, they need to have some key 

characteristics (Kimes 1989).  

• The capacity can be considered fixed, at least in the short term 

• It is possible to define clear segments of the market 

• Inventories can be considered perishable 

• The product or the service is sold in advance (like happens in hotels) 

• In presence of a fluctuating demand 

• The marginal sales cost is low 

• High marginal production costs 

It is also possible to talk about RM when replenishment is considered. It can be the 

replenishment of the retailers but also an internal issue which only deals with the 

production. In that sense by replenishment is meant the refilling of inventory. This one 

can be driven by the vendor or by the buyer, generating two different approaches: the 

vendor-driven refilling and the buyer-driven refilling (Quante, Meyr and Fleishmann 

2007). Once again, the product considered must be perishable, having a short life-cycle 

and pricing flexibility. 
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Revenue Management and Replenishment: Classification and Variables 

Quante, Meyr and Fleishmann proposed a classification of some different RM model 

types on the base of two dimensions: replenishment considerations and demand/price 

considerations as shown in the table below. 

 

FIGURE 6: CLASSIFICATION OF RM MODELS 

 

The two dimensions describe how the price, the customer order acceptability and 

replenishment can be considered or not considered as a variable of the or a data in the 

decision model. To sum up the possible variables to be taken into consideration in this 

classification are: 

• Price 

• Demand 

• Replenishment 

Each one of these elements can be a data, and so its value can be previously defined, or 

being considered a variable through which optimizing the profit. 

In the first row of the table there are the “single-class exogenous demand models”. Here 

price is given while the customer order acceptance is always a variable. 
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Considering the second row also the price is a decision variable, and a leverage to 

influence the demand, together with the customer order acceptance which is a variable 

itself. 

The present Master Thesis focuses on the third row of the table and in particular on the 

last square on the left and so in the field of inventory rationing. This group of models 

have been discussed by Klein and Dekker (1998). 

Inside this set of models, the replenishment lead time is considered as fixed, or in some 

cases stochastic, and generally considers two or more market segments. The case having 

a stochastic lead time and several market segments was faced by De Véricourt (2002). 

Melchiors (2000) instead created a model in which the replenishment time is variable 

beside a fixed replenishment lead time. 

 

Demand Characteristics and Demand Forecasting in the Fashion 

Industry 

It is necessary to point out when we talk about fashion industry that beside a short selling 

season the replenishment time seems to be really long. This just in addition to a demand 

which seems very difficult, if not impossible, to be predicted. (Minner S. and Kiesmuller 

G.P. 2012). This is due to some feature typical of the demand of fashion products. Nenni, 

Giustiniano and Pirolo (Nenni M.E., Giustiniano L. and Pirolo L., 2013) have summed 

them up in five points: 

• High impulse purchasing 

• High volatility 

• Low predictability 

• Tremendous product variety 

• High number of Stock Keeping Unit (SKU) and large variance in demand 

By impulse purchasing it is meant the approach of a buyer when it comes to buy a fashion 

product and its own decision process. In facts a client generally does not choose what to 

buy before being in the retailer store. 
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A plethora of factors affect the demand in fashion industry, they can be the weather, film 

and social influencers. This generates a very high uncertainty regarding what can be the 

response of the market to the additional items and make the demand volatile. 

This kind of volatility leads, when it is necessary to make a forecast, to low predictability. 

A fashion product also aims to satisfy not only the market but also the single customers 

taste. To meet such a fragmented environment, it becomes necessary to have a sufficiently 

wide possible choice available for the customers. 

The enormous number of SKU obviously refers to this necessity and it is easy to 

understand each SKU will have low sales volume. In this context, even when is possible 

to have a quite stable aggregate demand and so an easier forecast from the demand 

planning, it seems to be impossible to split it the volume of the single items. This is way 

the demand inside the same SKU is hard to be predicted. 

Bartezzaghi (Bartezzaghi E. Verganti R. 1995) described some factors which are at the 

base of the lumpiness of the demand. These ones are mainly connected to the customers 

which are very numerous, in particular the potential ones, and they are also 

heterogeneous. Also, their requests have some remarkable features like their frequencies 

and their variety. 

Product Features 

Nenni, Giustiniano and Pirolo (Nenni M.E., Giustiniano L. and Pirolo L., 2013) described 

some key feature which characterize fashion products and listed them. They are: 

• Short life-cycles 

• Short selling season 

• Long replenishment lead times 

The first feature is linked to the fact that fashion products in general aim at “capturing the 

mood of the moment” meaning that when the moment is over, and the fashion item is not 

a trendy one any more it must be sold at a discounted price, not being required by the 

market. 
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The second one is clearly linked to the first. As a matter of fact, the selling season 

generally coincides with the duration of a season. Which season is in some cases even 

shortened (e.g. Zara and the fast fashion industry in general) 

The replenishment times are long as the manufacturers generally tend to optimize the 

production batches, for example adopting economic order (EOQ) quantity during the 

production campaigns and having plants which have not a dimension able to handle 

extremely high demand supply emergency. 

What is interesting is defining the fashion products from a Revenue Management point 

of view. As a key aspect of fashion product is the short life cycle, at the end of the season 

the stocks which remained unsold cannot be kept in order to be sold in the following year 

because they become obsolete and so they should be sold at the end of the season at a 

discounted price. 

 This means that fashion products are characterized by having very high overestimation 

costs. 

STUDY ’S OBJECTIVES AND RESEARCH QUESTIONS 
The final objective of the study is to point out a way to maximize the profit along the 

Supply Chain and to split that profits fairly, or at least in an acceptable way among the 

actors involved, which means the Shop and the Brand Owner. 

This objective refers to a very broad category of methodologies and possible ways to 

reach the goal. It is necessary to define some paths on which to focus the analysis and 

deep diving.  

Yet, in order to conduct this kind of analysis it is fundamental to deeply understand how 

do the actors involved in the Supply Chain make their decisions. From this need it comes 

the first research question. 

1st Research Question) How do the actors involved in the Supply Chain, in particular the 

Shop and the Brand Owners, make their decision when it comes to manage the inventories 

available for customers? 

After having defined the behavioral model for a single period context, in which the Shop 

can issue an order only at the beginning of the season for the entire one, it is necessary to 

define a model for a multi-periods context, in which the shop can issue an order at the 
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beginning of each part of the season in which it is split. Here it comes the second research 

question. 

2nd Research Question) How do the two actors considered behave on the Inventory level 

in multi-period context? 

And immediately after this question it is natural to question about the reason of splitting 

the season in more than one period. Even if splitting the season in more than a single time 

frame is convenient from a shop perspective, does it allow to increase the profit along the 

Supply Chain? 

3rd Research Question) Is it possible to increase the overall profit of the Supply Chain 

by splitting the season on more than a single time frame, considering N periods having 

the same duration and demand mean and standard deviation? If yes, how much? 

Another issue to be faced regards the length of the periods in which the season is split.  

4th Research Question) Which is the optimal length of each part of the season in a multi-

periods context? 

The fifth and the fourth research questions instead focus on a single period context and 

consider the Supply Chain as an actor. 

5th Research Question) Focusing on a single period context, which is the inventory level 

that maximizes the profit of the whole Supply Chain? 

An overall optimal solution can be accepted or not by the players which act in the 

environment considered. The advantages got by keeping the inventory level equal to the 

one that maximize the profit along the entire Supply Chain can advantage only one actor 

of the two involved or both. In the case in which the maximization of the profit along the 

Supply Chain actually increases the profits of both the players it can be also not fair again, 

for instance the largest part of the additional profits could remain in the hands of just one 

of the two players and therefore can be not accepted by the other.  

6th Research Question) Is it possible to align all the players considered on the Target 

Level of inventories which maximizes the profit of the Supply Chain? Which typologies 

of contract are useful to get this goal? 

HOW TO REACH THE OBJECTIVES 
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The efforts in the first phase on each chapter are conveyed to the development of a 

mathematical model which can explain and drive the decisions making process toward 

the maximization of each player’s profit. This model should describe how the Shop and 

the Brand Owner define the Target Level of inventory from their own perspective, 

without considering the other player and the Supply Chain perspective. 

After having defined the model, some simulations are performed for two main reasons: 

firstly, to understand whether the results got from the mathematical model actually 

maximize the profits for each actor and secondly to have a clearer idea of the trend of the 

function which receives as an input the Target Level, which is equal to the order quantity 

in a single period context, and provides as an output the expected profit of an individual 

player. 

The results got by the model are so compared with the results previously obtained by a 

master thesis (Dogan E., Nikolovska K. “Inventory Replenishment in Luxury Fashion 

Industry: An Advancement Strategy”, 2015) which constitutes the starting point for the 

analysis here performed. 

If possible, then the model should be adapted to a multi-period context to understand how 

the Shop and the Brand Owner act individually during a season which is split in more 

than a single time frame and again the results have to be subject to a verification by means 

of a simulation study. 

After having investigated which is the individual behavior of each actor, the next step 

consists of changing the perspective to have a view from the Supply Chain one. Now the 

aim is not to develop a behavioral model but to understand which is the Target Level of 

inventories, in both a single period and a multi-periods context, that leads to the 

maximization of the profit of the whole Supply Chain. 

From this perspective it is possible to point out the goal Target Level should be kept in a 

shop to maximize the overall profit. 

The underline problem that remains is that the two players may be not willing to actually 

keep that level of inventories. They could agree to align to the Supply Chain perspective 

if and only if the benefits got through the maximization of the profit along the Supply 

Chain are split among them. The best way to reach this alignment is through contract 

management. 
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Many typologies of contract should be analyzed to understand which among that ones are 

able to align the actors’ wills toward the maximization of the Supply Chain’s profit. Once 

again to verify the results a simulation study has to be conducted for each contract 

typology. 
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CHAPTER  3 

NO RETURN POLICY AND A NOT CORRELATED 

DEMAND  

M ETHODOLOGY AND RESULTS 

METHODOLOGY  

The Methodology applied takes two steps: 

1st step: The mathematical model describing the choices of the two players considered 

in the supply chain: shop and Brand Owner 

2nd step: Validation of the results obtained in the first step through a simulation 

HYPOTHESIS AND ASSUMPTIONS 

To define a space in which the model is valid it is necessary to make some hypothesis to 

define some boundaries and simplify the decision-making model.  They could be 

summarized in 7 simplifying assumptions collected in the table below. 

Assumptions’ table  

One echelon distribution 
network 

In order to simplify the analysis, a single echelon 
distribution network has been considered. Therefore, 
only two players have been considered: the shop, which 
basically order a quantity of goods to sell them its 
clients, and the Brand Owner which, after having 
produced (or manufactured) the products, distributes 
them to its clients which are the shops. 

Single item (1 SKU) Just one type of product has been considered, even 
though a shop has to manage hundreds or thousands of 
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items (depending on the size of the shop). It is a 
simplifying hypothesis. 

Lead time equal to 0 For sake of simplification the lead time is considered 
equal to 0. Otherwise the stock level would probably be 
higher as it has to guarantee a stock coverage while the 
products are delivered (in transit stocks). Anyway, it is 
possible to consider also this additional quantity by 
defining the level of security stocks using the 
traditional models. 

No order restriction There are no limitations on the order size. It means no 
upper neither lower boundaries on the order the shop 
can make. These boundaries when present are forced by 
the Brand Owner (BO). In particular some BOs 
sometime fix a minimum order to be issued. 

No return policy In the following first section is not considered a return 
policy. A return policy set by and agreement between 
the Brand Owner and the shops would lower the 
overestimation costs for the shops letting them keep 
more inventories. In the case here considered (no return 
policy allowed) the shop is charged by the whole risk 
of not to sell all the products in stock. 

Uncorrelated demand In this part of the model the demand in each period is 
considered independent from the demand of other 
periods. 

Perfect rationality of the 
actors 

The model represents the choices both the two actors 
would take if they act in a perfectly rational way. This 
hypothesis could hold when it comes to considering the 
Brand Owners behavior. Yet when a single shop is 
taken into consideration its choices can be hardly fully 
described as rational. From one hand a smaller business 
like a shop is likely to have less information at its 
disposal, on the other hand its decisions have an impact 
which is not mitigated by a large-scale business. 
Moreover, the impact of a bad choice as a higher 
economic impact on a small business. 

TABLE 3: ASSUMPTIONS' TABLE 
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Another hypothesis regards only the number of periods took into considerations. It 

changes each time as a single period game or a 2, 3 or N period one is considered. For 

this reason, this hypothesis will be recalled and changed each time. 

Problem setting 

1ST STEP: A MATHEMATICAL MODEL TO SUPPORT THE DECISIONS MAKING 

PROCESS 

The aim of the first step is to determine the results of the choices made by the two actors 

we take into consideration: the shop and the Brand Owner. It means being able to 

anticipate which would be the choices that the two actors will make. This is possible by 

means of a mathematical model, taken for granted, in this section of the analysis, that the 

two are perfectly rational players. 

The contract here analyzed does not consider a return policy and does not fix any 

constraint on the order quantity. The two players take their decision independently one 

from the other. This could lead to some short-sided decisions from each one of the two 

perspectives. 

Each one of the two players of the chain aim at reaching the maximum profit and so it 

bases its choices on the best expected profit it could reach. The risk along the supply chain 

is split according to the contracts. It means in this model there are to possible perspectives: 

the one of the shop and the one of the Brand Owner. Following the model supporting the 

decision making for each one of the two actors according to the agreement the actors sign. 

Shop perspective 

Firstly, a shop should determine which is the target level of products to take in stock for 

the part of the season to be considered. This target level should be the one that maximize 

the expected profit. 

This kind of decision is based on the overestimation and underestimation costs. 

One period  
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Let’s consider the simplest case: a one period game. The shop orders the quantity it would 

need along the entire season just at the beginning of this one. In this case the cost structure 

is: 

Wholesale price �� (one piece)  320,00€ 

Variable cost �� (average variable cost to keep in stock one piece for 
the entire season) 

80,00€ 

      TABLE 4: SHOP'S COST STRUCTURE 

And the following revenues structure: 

Full price ��(� � �, ��) (price of one piece during the season minus 
22% of taxes) 

546,00€ 

Discounted price �� = ��(� � �, ��)(� � �, ��)  (price of one 
piece after the end of the season, so discounted by 70%, minus taxes) 

164,00€ 

      TABLE 5: SHOP'S REVENUE STRUCTURE 

Based on this cost and revenues structures, is possible to calculate the overestimation and 

underestimation costs (�� and ��). 

Underestimation cost: 

�� = ��(1 − 0,22) − �	 − � ! 
The underestimation cost only consists in the opportunity cost to sell one more product, 

during the season at a full price. It is equal to the profit generated by the full price sale of 

one piece. 

Overestimation cost: 

�� = ��(1 − 0.22)(1 − 0.7) − (�	 + �%) 
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The overestimation cost is equal to the loss generated by selling a single piece at a 

discounted price. It means it is equal to the difference between the discounted price and 

the sum of the costs: the wholesale price of one piece plus the average variable cost to 

keep in stock a single piece for a season. 

In the one period game there will be: 

�� = 146,00€ 

�� = 236,00€ 

The underestimation and overestimation costs will determine the critical ratio (CR): 

�* = ���� + �� 

The critical ratio allows to calculate the quantile of the standard normal distribution, 

which is necessary to calculate the target level of stock which statistically leads to the 

highest expected profit, through the following formula: 

+, = - + . /0 1 ���� + ��23 
Where μ is the average demand for the entire season, σ represents the standard deviation 

of the demand and 0 is the quantile of the normal standard distribution corresponding to 

a probability equal to the critical ratio (CR) previously calculated. 

Having in the one period game a critical ratio equal to 0,382 and consequently the 

corresponding quantile of the normal standard equal to -0,3, an average demand of 1000 

pieces and a standard deviation equal to 100, it is possible to proceed. 

+, = 1000 + 10040(0,382)6 = 7�� 89:;:� 

970 is the stock target level which optimize the expected profit. In the one period game 

the target level found corresponds to the initial, and only, order. 
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N periods 

Let’s now consider a season split in N parts (N>1) having the same duration and standard 

deviation. To find the average demand in each of the N periods, it is enough to divide the 

average demand of the entire season by the number N of periods: 

-�!�<=> ?>@!�A = -�>B����  

To find each period standard deviation is necessary to use the formula: 

.�>B��� = C.?>@!�AD + .?>@!�AE + ⋯ + .?>@!�AG 

Having the same standard deviation in each period the formula can be to: 

.�>B��� = H�(.�!�<=> ?>@!�A) 

Now the standard deviation for a single period can be calculated: 

.�!�<=> ?>@!�A = (.�>B���)E�  

In this case the cost structure is: 

Wholesale price �� (one piece)  320,00€ 

Variable cost �� (average variable cost to keep in stock one piece for 
a single part of the season) 

80,00€�  

       TABLE 6: SHOP'S COST STRUCTURE IN A MULTI-PERIODS CONTEXT 

And the following revenues structure: 

Full price ��(� − �, ��) (price of one piece during the season minus 
22% of taxes; from period 1 to period N) 

546,00€ 
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Discounted price �� = ��(� � �, ��)(� � �, ��)  (price of one 
piece after the end of the season, so discounted by 70%, minus taxes) 

164,00€ 

       TABLE 7: SHOP'S REVENUE STRUCTURE IN A MULTI-PERIODS CONTEXT 

It can be noticed that the variable cost to keep in stock one piece for one period is the 

same in each of the N periods. The main consequence of this regards the overestimation 

cost from period 1 to period N-1. As a matter of fact, from period 1 to N-1 the 

overestimation cost can be approximated with the cost to keep in stock the piece 

considered for one more period, in which the product would be sold at a full price. For 

this reason: 

��I = �% (1 ≤ � ≤ � − 1) 

As has been just said this is only an approximation, but it seems to be a robust one. To be 

sure about that lets consider a more precise statistically driven approach to determine the 

overestimation cost from period 1 to period N. 

Let’s consider a period � with 1 ≤ � ≤ � − 1. If a product is not sold in period � it can be 

sold in period � + 1 with a probability ℙ!LD. If a FIFO logic is considered, a single piece 

remaining at the end of period � will be the first to be sold in period � + 1. It means that 

a product will have a probability to be sold in period � + 1 equal to: 

ℙ!LD = ℙ41 < -!LD6 
If the piece will not be sold even in the � + 1 period it would be sold in period � + 2 with 

a probability equal to (1 − ℙ41 < -!LD6)ℙ41 < -!LE6 in which (1 − ℙ41 < -!LD6) is the 

probability not to sell the product in period � + 1 and ℙ41 < -!LE6 is the probability to 

sell the product in period � + 2. So ℙ!LE is equal to: 

ℙ!LE = (1 − ℙ41 < -!LD6) ℙ41 < -!LE6 
If not even in the period � + 2 the product will be sold, it would be sold in period � + 3 

with a probability: 
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ℙ!LN = (1 − ℙ41 < -!LD6)(1 − ℙ41 < -!LE6) ℙ41 < -!LN6 
Only after the last part of the season, period N, a product remaining will be sold at a 

discounted price. These products are supposed to be certainly sold, given the very high 

discount (70%). The probability for a piece to remain unsold until the end of the season, 

and so to be sold at a discounted price, will be equal to: 

ℙ����=A = (1 − ℙ41 < -!LD6)(1 − ℙ41 < -!LE6) … (1 − ℙ41 < -G6) 

Given the fact that the cost generated by not selling a product from period I to period N-

1is simply equal to the variable costs �% and the cost generated by not selling a product 

at period N will be equal to the loss generated by selling a piece at a discounted price (so ��(1 − 0.22)(1 − 0.7) − (�	 + � G)), the overestimation cost ��I  for a period �  with 

1 ≤ � ≤ � − 1 will be: 

��I = �%(ℙ!LD) + �%(ℙ!LE) + ⋯ + �%(ℙG) + ��(1 − 0.22)(1 − 0.7) − (�	 +
�%)(ℙ����=A) 

Given the fact that splitting the season in 20 periods (which is a very high number of parts 

in which dividing the season and so extremely unlikely to happen) would mean to have a -�!�<=> ?>@!�A equal to 50, which is much higher than 1, the probability to sell a remaining 

product in the immediately following part of the season is approximatively equal to one: 

ℙ!LD = ℙ41 < -!LD6 ≅ 1 

Therefore, all the other terms of the sum composing ��I would be approximatively equal 

to 1 and so they can be neglected. 

ℙ!LE ≅ ⋯ ≅ ℙG ≅ ℙ����=A ≅ 0 

It is now clear how the overestimation cost ��I  in each period from 1 to N-1 can be 

approximated to the variable cost to keep a unit in stock for an additional period. 

��I ≅ �% QℎST 1 ≤ � ≤ � − 1 
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Once defined the overestimation costs from period 1 to period N-1, the overestimation 

cost for period N has to be considered. Now there is no possibility for unsold products to 

sell them at full price, so they generate a loss by being sold at a discounted price. In this 

case the overestimation cost should be defined like: 

��U = ��(1 − 0.22)(1 − 0.7) − (�	 + � G) 

Concerning the underestimation costs �� it can be noticed it does not vary according to the 

period and remains equal from period 1 to period N instead. This happens because the 

underestimation cost is always equal to the opportunity cost of not selling a product at full price 

generated by a stock-out. The underestimation cost can be defined: 

�� = ��(1 − 0,22) − �	 − �% 

It is now possible to calculate the critical ratio. In a multi-periods logic, independently 

from the number N of period considered given the hypothesis previously made, there are 

two critical ratios (CR): the first one is constant from period 1 to period N-1and the second 

one for the last part of the season (period N). 

�*! = ���� + ��I  QℎST 1 ≤ � ≤ � − 1 

�*G = ���� + ��U  VWX YSX�WZ � 

These critical ratios lead to two different target levels (TL), again the first for period 1 to 

N-1 and the second for the last part of the season. 

  
+,! = -�!�<=> ?>@!�A + .�!�<=> ?>@!�A [0 \ ���� + ��I]^  QℎST 1 ≤ � ≤ � − 1 

+,G = -�!�<=> ?>@!�A + .�!�<=> ?>@!�A [0 \ ���� + ��U]^  VWX YSX�WZ � 
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Even if the target level for each part of the season can be determined before the beginning 

of the season, as the average demand and the standard deviation of each period are not 

correlated to the one of other periods, the order quantities for a period � is not fixed. It 

varies according to the remaining stock at the end of period � � 1 and the target level of 

period � according to the following formula: 

_! = +,! − (+,!`D + a!`D) 

_! represent the order quantity for period �,  a!`D is the number of remaining products at 

the end of period � − 1. 

Brand Owner perspective 

First, revenues and costs per piece should be assessed, keeping in mind that the 

manufacturer does not have to pay 22% taxes on each sale because it does not sell any 

product to the final consumer. 

Wholesale price [per piece] 320,00€  

Manufacturing and logistic cost [per piece] 120,00€ 

TABLE 8: REVENUE AND COST STRUCTURE FROM THE BO PERSPECTIVE 

The price at which a unit is sold to a shop is equal to the wholesale price and the costs we 

consider are the ones related to production and distribution.  

Given the fact that a shop issues an order at the beginning of the season or at least at the 

beginning of each period there is no risk, from the Brand Owner perspective, to 

overestimate the demand. This happens independently from the number of parts in which 

the season is split.  This makes the Brand Owner’s critical ratio equal to 1. 

�� = 0 ⟹ �*c@B�A d	�>@ = ���� + �� = ���� + 0 = 1 

A critical ratio equal to one would correspond to a quantile equal to +∞.  
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What the model suggest is that the Brand Owner, having no risk to overestimate the 

demand will tend to sell as many units has it can, which is what can be expected from it. 

2ND STEP: VALIDATION OF THE RESULTS THROUGH A SIMULATION STUDY 

Shop perspective 

To evaluate the performance of the model a simulation has been run generating 1000 

times a demand following a normal distribution having a mean of 1000 pieces and 

standard deviation 100 pieces. 

On the base of the demand generated are then calculated, each time, the revenues and the 

costs which compose the profit. 

The costs taken into account in this section are three: 

• Purchase Costs (PC) which is obtained by multiplying the wholesale price (�	) 

by the sum of the orders in each period. The formula used is: 

�� = �	 ∗f_!
G

!gD
 

The order in each period is determined by calculating the difference between the 

target level of period �  (+,! ) the remaining stock at the end of period � � 1 

(hW�!`D). Thus, the order is calculated using: _! = +,! − hW�!`D 

This means that in the first part of the season, having no initial stock, the order 

quantity _D will be always equal to the target level +,D. 

• Total Variable Costs (TVC) which can be obtained by the multiplication of the 

variable cost to keep one piece in stock for one period of the N periods and the 

sum of the target level (TL) of all the parts of the season considered. It can be 

calculated at eh beginning of the season and the formula used is: 

+i� = i� ∗ f +,!
G

!gD  
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There are also two kinds of revenues: the ones generated by selling the products at a full 

price during the season and the ones generated by selling the remaining stocks, at the end 

of period N at a discounted price. 

• Full Price Sales (FS) which are equal to the product of the full price (minus the 

taxes that must be paid because a shop sells to the final consumers) and the sum 

of the sales in each part of the season (a!). 
ja = �(1 − 0,22) ∗ f a!

G
!gD  

• Discounted Price Sales (DS) which are obtained by multiplying the remaining 

stock at the end of period N by the price discounted by 70%. ka = hW�G ∗ �(1 − 0,22)(1 − 0,70) 

The last step, to calculate the profit, simply consists in computing the difference between 

the sum of the revenues (FS and DS) and the sum of the costs (PC and TVC). 

�XWV�� = (ja + ka) − (�� + +i�) 

Even if it is not useful to calculate the profit, could be interesting to calculate the 

overstock costs (OC). The overstock costs are determined by the loss generated by an 

overestimation of the demand. At the end of period N if there are some remaining stock 

they are sold at a discounted price. It means that the costs they generate is equal to the 

difference between the revenues thy generate (DS) and their costs. For a single piece this 

loss will be equal to the overestimation cost of the last part of the season (��U). Therefore, 

the overestimation costs can also be computed by multiplying the overestimation cost in 

period N and the remaining stocks at the end of the season, using the formula below. 

_� = ��U ∗ hW�G 

Brand Owner perspective 

In the single period game assessing the Brand Owner profit is extremely simple given the 

fact that its profit is equal to the multiplication between the order quantity of the shop, 
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which is always equal to 970 pieces and the gross margin of the Brand Owner on each 

product sold. 

Given this costs and revenues structure for the Brand Owner: 

Wholesale price [per piece] 320,00€  

Manufacturing and logistic cost [per piece] 120,00€ 

TABLE 9: REVENUE AND COST STRUCTURE FROM THE BO PERSPECTIVE 

The gross margin per each product will be equal to 200,00€. It is now possible to calculate 

the Brand Owner’s profit for the season: 

�XWV��c@B�A d	�>@ = 200,00€ ∗ 970Y�SmSn = 194000,00€ 

Will be more complex in a multi-period logic instead. In this context the quantity sold by 

the Brand Owner varies from a case to another. To understand which is the quantity sold 

at the end of the season it is necessary to compute the sum of the orders issued by the 

shop in each period. If the number of total sales is called TS: 

+a = f _�G
!gD  

Where _! is the quantity ordered by the shop for the period i. 

Consequently, the profit of the Brand Owner will be equal to the total sales of the season 

(TL) multiplied by the gross margin of a single unit: 

�XWV��c@B�A d	�>@ = +a ∗ 200,00€ 

RESULTS 

SINGLE PERIOD GAME AND NO RETURN POLICY 
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Description and assumptions 

The simplest case to take into 

consideration. The shop issues 

a single order at the beginning 

of the season. It keeps in stock 

the entire amount of goods till 

the end of the period when the 

remaining quantities are sold 

discounted by 70%. This fact 

generates a loss for the shops 

which takes in charge the 

whole risk of demand 

forecasting. This possible loss 

corresponds to the 

overestimation cost for the 

shop.  

 

On the other hand, the Brand Owner’s profit is simply determined by the initial order 

quantity. The absence of a return policy allows the Brand Owner to take no risk, this 

means it has no overestimation costs, so a critical ratio equal to +∞. It means that the 

Brand Owner’s profit linearly increases with the quantity ordered by the shop. 

 In the table below are average demand and standard deviation of the demand for a single 

period game. 

 

 

Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 

No return policy � 

One period game � 

Perfect rationality of the actors � 

TABLE 10: ASSUMPTIONS' TABLE SINGLE PERIOD 

Average demand (μ) Standard deviation (σ) 

1000 100 

TABLE 11: DEMAND SINGLE PERIOD 
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Shop perspective 

As the overestimation cost exceeds the 

underestimation cost, to maximize the 

profit the shop is willing to keep in stock a 

quantity lower than the average demand.  

 

 

 

 

Brand Owner perspective 

The Brand Owner receives an order from 

each shop before starting the production. 

This means it has no risk to produce more 

than required. The absence of a return 

policy leaves the whole risk in charge of 

the shop, eliminating the Brand Owner’s 

overestimation cost which drops to 0. 

Therefore, the Brand Owner increases its 

Underestimation cost (�o) 146,00€ 

Overestimation cost (�p) 236,00€ 

Critical ratio 0,382 

Order quantity 970 pieces 

TABLE 12: SHOP’S SUMMARY TABLE SINGLE PERIOD 

Underestimation cost (�o) 200,00€ 

Overestimation cost (�p) 0€ 

Critical ratio 1 

Order quantity +∞ 

TABLE 13: BO'S SUMMARY TABLE SINGLE PERIOD 
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profit linearly with the number of goods sold. 

 

Comparison with the simulation study results 

The simulation study basically identifies a maximum in the average profit which 

corresponds to the optimal stock target level identified by means of the critical ratio, 

giving support to the hypothesis previously done. 

Order quantity 
[pieces] 

Shop’s profit [€] 

940 131012,30 

950 131391,60 

960 131615,40 

970 131716,30 

980 131686,50 

990 131489,40 

1000 131145,90 

1010 130665,80 

1020 130066,39 
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Moreover, given the results in the table on the left, it is possible to have an idea on the 

possible shape of the profit function associated the different level of stocks, which rises 

till the stock level is equal to 970 and then drops down. 

Please notice that in a no return policy context the Brand Owner’s profit simply consists 

in the Order Quantity multiplied by the wholesale cost. 

 

 

 

 

 

 

 

 

 

1030 129324,92 

1040 128418,40 

1050 127366,00 

TABLE 14: SIMULATION STUDY FROM DOGAN E., NIKOLOVSKA K. 
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TWO PERIODS GAME, NO RETURN POLICY, NOT CORRELATED 

DEMAND 

Description and assumptions 

The only assumption changing 

is the one regarding the one 

period. Now the season is split 

in two parts having the same 

duration. After the end of 

period 1, the shop can issue an 

order for the second part of the 

season. This order takes into 

consideration the remaining 

stocks from period 1 and the 

stock’s target level to be 

reached in the last part of the 

season to maximize the profit. 

At the end of the 20th week 

(end of the season) the 

products which haven’t been 

sold yet are discounted by 70% 

generating a loss. Also in this 

case there is no return policy 

and the shop is charged of the 

entire risk. 

It must be noticed that the possibility to sell the final stock of the first period during the 

second part of the season modifies the overestimation cost of the shop. As a matter of 

fact, in period one the overestimation costs only consist in the risk to have additional 

variable costs to maintain the products in stock for a further period. This because the risk 

for a single unit to not being sold neither in period 2 is negligible.  

Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 

No return policy � 

Two periods game and equal duration 
for each one of them 

� 

No correlated demand � 

Perfect rationality of the actors � 

TABLE 15: ASSUMPTIONS' TABLE TWO PERIODS 
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Though this isn’t valid in the Brand Owner perspective. As it receives each one of the 

two orders before the beginning of the corresponding part of the season, there is no 

possibility to produce more than required. Therefore, the Brand Owner’s overestimation 

costs remain equal to 0. 

 In the table below are average demand and standard deviation of the demand for each 

one of the two periods in which the season has been divided. The demand of each period 

is independent. 

 

 

 

Shop perspective 

Average demand (μ) Standard deviation (σ) 

500 71 

TABLE 16: DEMAND TWO PERIODS 

Underestimation cost period 1 (�o�) 186,00€ 

Underestimation cost period 2 (�o�) 186,00€ 

Overestimation cost period 1 (�p�) 40,00€ 

Overestimation cost period 2 (�p�) 196,00€ 

Critical ratio period 1 0,823 

Critical ratio period 2 0,487 

Target Level period 1 566 
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The shop’s underestimation cost does not vary according to the period is taken into 

consideration. Yet the overestimations costs vary from the first to the second part of the 

season. In the former (��D) the overestimation cost only consists in the Inventory Carrying 

Cost for an additional period, in the ladder (��E) the overestimation cost is equal to the 

loss generated by selling a single unit at a discounted price.  

For this reason, ��D is significantly lower than ��E resulting in a higher critical ratio for 

period 1. This higher critical ratio lets the Target Level of period 1 to be higher than the 

one of period 2 and also higher than the demand. As a matter of fact, having remaining 

stock at the end of period 1 is not considered a big deal given the fact they can be sold at 

a full price during period 2. 

Brand Owner perspective 

Target Level period 2 498 

TABLE 17: SHOP'S SUMMARY TABLE TWO PERIODS 

Underestimation cost period 1 (�o�) 200,00€ 

Underestimation cost period 2 (�o�) 200,00€ 

Overestimation cost period 1 (�p�) 0 

Overestimation cost period 2 (�p�) 0 

Critical ratio period 1 1 

Critical ratio period 2 1 

Target Level period 1 +∞ 
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There is no difference from the previously considered case from the Brand Owner 

perspective.  

Having no overestimation risks its goal will be the sell the highest number of products 

in both the two parts of the season. 

Comparison with the simulation study results 

A simulation has been run to understand which would be the average profit of a shop 

which would have used the target levels found. The results of this simulation are then 

compared with the results obtained in the past studies. 

Oder 
quantity 
period 1 
[pieces] 

Order 
quantity 
period 2 
[pieces] 

Total 
quantity 
ordered 
[pieces] 

Average 
Profit [€] 

400  477 877 155716,50 

450  470 920 163317,70 

500  452 952 168611,80 

550  422 972 171141,80 

600  381 981 171035,00 

650  381 983 169502,80 

Target Level period 2 +∞ 

TABLE 18: BO'S SUMMARY TABLE TWO PERIODS 
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700  333 983 167574,20 

750  283 983 165569,70 

800  183 983 163554,20 

TABLE 19: SIMULATION STUDY FROM DOGAN E., NIKOLOVSKA K. 

The table on the above shows the result of some previous simulation. The order quantities 

which seem to maximize the profit is 550 pieces for the first order and 422 for the second 

one. Yet the simulation ran using the target levels determined through an estimation of 

overestimation and underestimation costs actually allows to reach a higher profit peak. 

This is due from one hand to the possibility to have a variable order quantity in the period 

two, which only aims to reach the target level for the second period and on the other hand 

it is due to the possibility to use more accurate methodology to determine the initial order 

quantity.  

Data of the new simulation are summed up in the table below. 

Target Level period 1 [pieces] Target Level period 2 [pieces] Average Profit [€] 

566 498 171.489,00€ 

TABLE 20: OPTIMAL TLS IN TWO PERIODS AND RESULTS FROM THE SIMULATION STUDY 
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THREE PERIODS GAME, NO RETURN POLICY, NOT CORRELATED 

DEMAND 

Description and assumptions 

Similarly, to the two-period 

game, the season is now split in 

three periods having the same 

duration and identical mean 

demand.  

The products which are not 

sold in period one can be kept 

in stock and sold at a full price 

in period two and analogously 

the products which are not sold 

in the second part of the season 

can be sold in the third at a full 

price. Only the stocks 

remaining after the third part of 

the season should be sold at a 

discounted price (70% 

discount). Once again only the 

shop takes charge of the whole 

risk, since there is no return 

policy. 

The same reasoning about the risk not to sell a unit for more than one periods hold. So, if 

a product is not sold in one part of the season, it will be sold almost certainly in the 

following part of the season.  

Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 

No return policy � 

Three periods game and equal 
duration for each one of them 

� 

No correlated demand � 

Perfect rationality of the actors � 

TABLE 21: ASSUMPTIONS' TABLE THREE PERIODS 
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In the table below are average demand and standard deviation of the demand for each one 

of the three periods in which the season has been divided. The demand of each period is 

independent. 

 

 

 

Shop perspective 

Average demand (μ) Standard deviation (σ) 

333 58 

TABLE 22: DEMAND THREE PERIODS 

Underestimation cost period 1 (�o�) 199,30€ 

Underestimation cost period 2 (�o�) 199,30€ 

Underestimation cost period 3 (�oq) 199,30€ 

Overestimation cost period 1 (�p�) 26,70€ 

Overestimation cost period 2 (�p�) 26,70€ 

Overestimation cost period 3 (�pq) 182,70€ 

Critical ratio period 1 0,882 

Critical ratio period 2 0,882 

Critical ratio period 3 0,522 



56 

 

  

 

 

 

 

Once again shop’s underestimation cost doesn’t vary according to the period is taken into 

consideration, it remains equal to 199,30€ for each one of the three periods. The 

overestimations costs though vary only from the second to the third part of the season, 

remaining unchanged (26,70€) in the first and seconds periods. As a matter of fact,  ��D 
and ��E only consist in the Inventory Carrying Cost for an additional period in which is 

almost certain, from a probabilistic standpoint, to sell the goods at full price in the 

subsequent time frame. Yet  �pq must consider the loss derived by the discounted price 

at the end of the season. 

The identical cost structure, in terms of underestimation and overestimation costs, that 

characterizes the first two laps of time implies two equal critical ratios which determinates 

the same Target level for all the periods before the last one. From this point on all the 

considerations made for the second period in the “two period games” hold. 

 

Brand Owner perspective 

Target Level period 1 402 

Target Level period 2 402 

Target Level period 3 337 

TABLE 23: SHOP'S SUMMARY TABLE THREE PERIODS 

Underestimation cost period 1 (�o�) 200,00€ 

Underestimation cost period 2 (�o�) 200,00€ 

Underestimation cost period 3 (�oq) 200,00€ 



57 

 

 

 

 

 

 

 

 

 

 

 

 

 

No difference from the previous two cases from the Brand Owner perspective.  

Having no overestimation risks its goal, once again, will be to sell the highest number of 

products each one of the three parts of the season. 

 

 

 

 

Overestimation cost period 1 (�p�) 0 

Overestimation cost period 2 (�p�) 0 

Overestimation cost period 3 (�pq) 0 

Critical ratio period 1 1 

Critical ratio period 2 1 

Critical ratio period 3 1 

Target Level period 1 +∞ 

Target Level period 2 +∞ 

Target Level period 3 +∞ 

TABLE 24: BO'S SUMMERY TABLE THREE PERIODS 
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Comparison with the simulation study results 

Oder 
quantity 
period 1 
[pieces] 

Oder 
quantity 
period 2 
[pieces] 

Order 
quantity 
period 3 
[pieces] 

Total 
quantity 
ordered 
[pieces] 

Average 
Profit 

[€] 

300 310 303 913 174239 

320 303 303 926 176646 

340 294 303 937 178529 

360 282 303 945 179806 

380 267 303 950 180485 

400 251 303 954 180720 

420 233 303 956 180677 

440 214 303 957 180411 

460 195 303 958 180005 

480 175 303 958 179525 

TABLE 25: SIMULATION STUDY FROM DOGAN E., NIKOLOVSKA K. 

The best piece of information could be obtained from the results of past simulations 

regards the initial order quantity, which corresponds to the Target level for the first part 

of the season. It is really close to the Target Level determined by the critical ratio (402).  
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Yet keeping an optimal stock level also during the periods two and three allows to have 

a higher average profit. 

This profit, the one resulting by the simulation ran after having determined the optimal 

target level in each time span, is equal to 185306,03€ and it is higher than the highest 

profit shown in the table of past simulation by around 5000,00€.  

 

 

Target Level period 
1 [pieces] 

Target Level period 2 
[pieces] 

Target Level period 
3 [pieces] 

Average Profit 
[€] 

402 402 337 185306,03€ 

TABLE 26: OPTIMAL TLS AND RESULT FROM THE SIMULATION STUDY 

N PERIODS GAME, NO RETURN POLICY, NOT CORRELATED 

DEMAND 

Description and assumptions 

Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 
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This section describes the generalization of the model discussed above and presents in a 

synthetic way the results obtained through the application of the model based in the 

critical ratio to determine the target level +,! for a generic period �.  
The season is now split in N time frame, having equal duration, demand mean μ and 

standard deviation σ.   In each period from the first to the N-1 the remaining goods are 

kept in stock to be sold in the following part of the season. Only the final stock, the one 

remaining after period N, are sold at a discounted price (70% discount) and generates a 

loss for the shop. 

The mean as usual is calculated by dividing the mean demand by the number of period 

and the square root of the sum of the standard deviation in each period power two is equal 

to the standard deviation of the season like in the formula below: 

.�>B��� = C.?>@!�AD + .?>@!�AE +⋯+ .?>@!�AG 

 In the table below are show the mean demand and the standard deviation for each period 

on the base of how the season is split (from a single time frame to 10 periods). 

Number 
of periods 

Average 
demand (μ) 

Standard 
deviation (σ) 

No return policy � 

N periods game and equal duration for 
each one of them 

� 

No correlated demand � 

Perfect rationality of the actors � 

TABLE 27: ASSUMPTIONS' TABLE N PERIODS 
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1 1000,0 100,0 

2 500,0 70,7 

3 333,3 57,7 

4 250,0 50,0 

5 200,0 44,7 

6 166,7 40,8 

7 142,9 37,8 

8 125,0 35,4 

9 111,1 33,3 

10 100,0 31,6 

TABLE 28: DEMAND N PERIODS 

Shop perspective 

Overestimation cost from 
period 1 to N-1    r�p9 , � ≤ 9 ≤ s � �t 

u�
s  

Overestimation cost from 
period N (�ps) , 
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If VC identifies the variable cost to keep in stop a single unit for the whole season, L the 

loss associated to the sale of a specific product at a discounted price and LS the 

opportunity cost of a lost sale, the table on the left provides a synthetic view of the 

underestimation and overestimation costs. 

The underestimation costs don’t change in any period and remains equal to the 

opportunity cost of a lost sale due to a stock out.  Yet is a more complex issue when it 

comes to describing the overestimations costs. They remain stable from period 1 to N-1 

and equal to the variable cost to keep in stock the product one more time. As has already 

been said the risk not to sell one piece in the following period is approximatively equal 

to 0. Though the overestimation cost raise in last period, at the end of which a remaining 

unit have to be sold at a discounted price, generating a loss (,). 

In the table below are show the underestimation costs and overestimation costs for each 

period on the base of how the season is split (from a single time frame to 10 periods). 

Number 
of 

period 

Overestimation Cost 

r�p9 , � ≤ 9 ≤ s � �t 
Overestimation 

Costs (�ps) 
Underestimation 

Costs 

r�o9 , � ≤ 9 ≤ st 

1 - 236,00€ 146,00€ 

2 40,00€ 196,00€ 186,00€ 

3 26,70€ 182,70€ 199,30€ 

Underestimation cost from 
period 1 to period N r�o9 , � ≤ 9 ≤ st ,a 

TABLE 29: SHOP'S SUMMERY TABLE N PERIODS 
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4 20,00€ 176,00€ 206,00€ 

5 16,00€ 172,00€ 210,00€ 

6 13,30€ 169,30€ 212,70€ 

7 11,40€ 167,40€ 214,60€ 

8 10,00€ 166,00€ 216,00€ 

9 8,90€ 164,90€ 217,10€ 

10 8,00€ 164,00€ 218,00€ 

TABLE 30: SHOP'S SUMMARY TABLE (2) N PERIODS 

This structure of underestimation and overestimation costs implies a different critical 

ratio of the last period (N) while the critical ratio remains stable from period 1 to the 

period N-1. Thus, also the Target Level follows the same logic. It remains steady from 

period 1 to the period N-1 and drops in period N due to a higher overestimation cost in 

period N. 

In the table below are show the critical ratios and the related target level for periods from 

1 to N-1 and for the last period (N) for each period game (from a single time frame to 10 

periods). 

Number of 
periods 

Critical Ratio (from 
period 1 to N-1) 

Target Level 
(from period 1 to 

N-1) 

Critical Ratio 
(period N) 

Target Level 
(period N) 

1 - 0 0,382198953 970 
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2 0,82300885 566 0,486910995 498 

3 0,8820059 402 0,521769479 337 

4 0,911504425 318 0,539267016 255 

5 0,92920354 266 0,54973822 205 

6 0,94100295 230 0,556767606 172 

7 0,9494311 205 0,561747326 149 

8 0,955752212 185 0,565445026 131 

9 0,960668633 170 0,568337163 117 

10 0,96460177 157 0,570680628 106 

TABLE 31: SHOP'S SUMMARY TABLE (3) N PERIODS 

Here a graphical of the Target Levels trend of the first five cases. 
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FIGURE 7: TARGET LEVELS IN A MULTI-PERIODS CONTEXT 

 

Brand Owner perspective 

Considering that there is not a return 

policy and the fact that a shop has to issue 

an order at the beginning of each period, 

there is no risk for the Brand Owner to 

overestimate the demand. This means that 

the Brand Owner does not seem to see any 

difference, or advantage in splitting the 

season in more than a single time frame. It 

only aims at selling the higher number of 

products in each period. 
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FIGURE 8: BO'S SUMMARY TABLE N PERIODS 
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Yet a more interesting consideration can be made by looking at the average sum of the 

orders in each period game. All the data in the table below. 

Number 
of 

periods 

Average total 
orders from the 
simulation study 

1 970 

2 994 

3 997 

4 1002 

5 1003 

6 1002 

7 1002 

8 1001 

9 1001 

10 1000 

TABLE 32: TOTAL AVERAGE ORDER PER EACH SIMULATION 

As shown by the table, increasing the number of period in which the season is split the 

average total order increases. In the model we have just taken into consideration this 

means an increased profit for the Brand Owner. 
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Though splitting the season in more than a time frame can generate additional costs due 

to a sub-optimization of the production planning and this way a lower scheduling 

efficiency. This case will be discussed in section 6. 

Comparison with the simulation study results 

The chart on the left summarize the results from past simulation. The table on the right 

collects the results (shop’s profit) from the simulation study run using the methodology 

described above. Firstly, determining overestimation and underestimation costs, so the 

critical ration and the Target Level of stock for each period.  

 

 

 

 

 

 

 

It can be immediately noticed that by using the critical ratio is possible to reach better 

results. In fact, it is not possible to determine the order quantity in each period before the 

beginning of the season. 

Moreover, it would be almost impossible to understand the optimal Target Level of stocks 

(the one optimizing the profit of the shop) by mean of simulation only. The number of 

possible combinations of target level to be tested grows exponentially with the number of 

periods.  

FIGURE 9: PAST RESULTS FIGURE 10: NEW RESULTS 
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In order to make this clear an example would be helpful. If 10 quantities have to be tested, 

10 simulations are enough just for the single period game but for the two periods game, 

if 10 possible Target Levels should be tested, in each of the two time frame, it would be 

necessary to run 10E = 100 simulations to test 100 possible combinations. As a matter 

of fact, in a five periods game the simulation to be run would reach the number of 10v and 

so 10000 simulations. 

Another issue to be considered is the accuracy. Applying the critical ratio allows to reach 

the optimum in determining the target level immediately. To have more accurate results 

by the simulation study would require an even higher number of simulation which would 

not be possible to manage. 
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CHAPTER  4 

NO RETURN POLICY AND A CORRELATED DEMAND  

 M ETHODOLOGY AND RESULTS 

The research question to which this chapters try to find an answer is: in a two-period 

game, how can be managed a demand in the second part of the season which is 

correlated to the demand of the first part of the season? 

This topic results to be interesting when a multiperiod case is considered and have roots 

in a simple assumption: if a product can become a bestseller, or if its sales can exceed the 

expectations, it is possible to get a shred of evidence in the sales of the first period. So, 

the shop would be likely to issue a second order of an increased quantity.  

ASSUMPTIONS 

Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 

No return policy � 

Two periods game and equal duration for 
each one of them 

� 
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Correlated demand � 

Perfect rationality of the actors � 

TABLE 33: ASSUMPTIONS' TABLE CORRELATED DEMAND 

METHODOLOGY  

A first way to tackle this issue consist of supposing an average demand in the second part 

of the season equal to a linear combination of the actual demand in the first period (and 

so considering the mean demand of the first period equal to it) and the demand forecasted 

in the second period at the beginning of the season. 

-?>@!�A E = QD-D Bwx�B= + QE-E 

Here QD and QE represent the weight assigned to each one of the two means. Their values 

are under the condition: 

QD + QE = 1 

This coefficient, as can be seen in the further analysis that follow, are considered 

respectively equal to 0,8 and 0,2 (QD = 0,8; QE = 0,2), this means supposing a high 

influence of the demand seen in the first part of the season. Anyway, their values can be 

estimated, and they may depend on the type of product considered. 

Regarding the standard deviation of the demand in the second part of the season, given 

the fact that it is now considered the only shop perspective, it would be impossible to 

estimate it and the following analysis are based on this assumption. 

If a Brand Owner perspective is considered instead, it is possible to estimate the standard 

deviation of period 1 by gathering all the data about the demand of every single shop. The 

same can be done considering the average demand. 

This way, the model will be based on the data summed up in the table below. 
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Mean period 1 (z�) z� 

Mean period 2 (z�) -?>@!�A E = QD-D Bwx�B= + QE-E 

Standard deviation period 1 ({�) {� 

Standard deviation period 2 ({�) {� 

TABLE 34: DEMAND IN A CORRELATED DEMAND CONTEXT 

Having these data is possible to proceed with the computation of the target levels in each 

one of the two parts of the season. 

To identify the first period’s target level, nothing more is required than the method 

previously discussed and based on the formula: 

+,D = -D + .D0 \ ����| + ��|] 

Concerning with period 2 instead, what changes is the new average ( -?>@!�A E = QD-D Bwx�B= + QE-E) on the base of which the target level of the second part 

of the season is defined. This level can be calculated as: 

+,E = -?>@!�A E + .E0 \ ����} + ��}] 

And so: 

+,E = QD-D Bwx�B= + QE-E + .E0 \ ����} + ��}] 

This means that the target level in the second period (+,E) can be computed only at the 

end of the first part of the season. 
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Nothing changes for what concerns underestimation and overestimation costs. The 

underestimation cost �� is equal to the opportunity cost of not selling a product at a full 

price in both of the two periods and the overestimation costs is equal, in the first part of 

the season, to the cost to keep in stock one piece one more period (��|) and, in the second 

part of the season, it is equal to the loss generated by selling one item at a discounted 

price (��}). 
To get information about the validity of the model has been run a simulation generating 

a random demand in the first period, following a normal distribution having mean equal 

to 500 pieces and standard deviation equal to 71 pieces. In the second period the demand 

considered has been a linear combination of the actual demand in period 1 (-D Bwx�B=) and 

a random variable having mean equal to 500 pieces and a standard deviation equal to 71 

pieces. This linear combination has the weight of the actual demand (-D Bwx�B=) equal to 

0,8 and the weight of  -E equal to 0,2. 

The results of the simulation, and so the computation of the profit, have been calculated 

using the same costs and revenues structure used for the not correlated demand. To recall 

them the following table may be helpful. 

Purchase Costs (PC) �� = �� ∗ f ~9
s

9g�  

Total Variable Costs (TVC) +i� = i� ∗ f +,!
G

!gD  

Full Price Sales (FS) ja = �(1 − 0,22) ∗ f a!
G

!gD  

Discounted Price Sales (DS) ka = hW�G ∗ �(1 − 0,22)(1 − 0,70) 
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Profit �XWV�� = (ja + ka) � (�� + +i�) 
TABLE 35: REVENUES AND COSTS IN A CORRELATED DEMAND CONTEXT 

RESULTS 

Firstly, underestimation and overestimation costs has been assessed to proceed with the 

calculation of the target levels. 

Underestimation cost period 1 (�o�) 186,00€ 

Underestimation cost period 2 (�o�) 186,00€ 

Overestimation cost period 1 (�p�) 40,00€ 

Overestimation cost period 2 (�p�) 196,00€ 

TABLE 36: SHOP'S SUMMERY TABLE, CORRELATED DEMAND 

 

 

Which lead to a target level for the first period equal to: 

+,D = 500 + 710 1 186186 + 402 = 566 Y�SmSn 

That is the same target level can be found in the first period of a two-period game and not 

correlated demand. 

To illustrate how the target level of the second period has been calculate, an actual 

demand of the first period equal to 535 will be taken to make an example. Please 

remember that the weights will be equal to 0,8 and 0,2. 
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+,E = 0,8 ∗ 535 + 0,2 ∗ 500 + 710 1 186186 + 1962 = 526 Y�SmSn 

As usual the order to be issued in the second period has to be determined using the 

formula: 

_! = +,! − (+,!`D + a!`D) 

This process has been repeated 1000 times. At the and an average profit has been 

calculated. The results in the following paragraph. 

 

Comparison with the simulation study results 

Q1 Q2 Average Profit 

400 477,416 155716,5 

450 469,899 163317,7 

500 452,174 168611,8 

550 422,218 171141,8 

600 380,595 171035 

650 380,595 169502,8 

700 332,665 167574,2 
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750 282,981 165569,7 

800 183,169 163554,2 

TABLE 37: SIMULATION STUDY FROM DOGAN E., NIKOLOVSKA K. 

In the table on the left are collected the results of the previous simulation study. 

In the first column there are the order quantity for period one which is equal to the target 

value in period 1. In the second column instead are collected the order quantity for period 

two and in the last column on the right the average of the profit got in 1000 simulations. 

The solution which seems to optimize the profit is the one having an order quantity of 

550 pieces in the first period and equal to 422 pieces in the second one. Anyway, this 

solution does not exceed the one found using the methodology previously described. As 

a matter of facts setting a target level for the first part of the season equal to 566 pieces 

and a target level for the second period as a function the demand in the first period and 

the demand in the second period forecasted at the beginning of the sale season allows to 

reach an average profit equal to 180.703,94€. 

Data of the new simulation are summed up in the table below. 

Target Level period 
1 [pieces] 

Target Level period 2 [pieces] Average Profit [€] 

566 
+,E = QD-D Bwx�B= + QE-E+ .E0 \ ����} + ��}] 

180.703,94 

TABLE 38: OPTIMAL TLS AND RESULT FROM THE SIMULATION STUDY 
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CHAPTER  5 

WHEN TO ORDER 

Until now the lengths of the period in which the season is split is considered equal in each 

period, this means that each one of the parts in which the season is divided has the same 

mean -�!�<=> ?>@!�A and standard deviation .�!�<=> ?>@!�A. 

The research question to which this section will try to answer is: which are the optimal 

lengths of each period, of a multiperiod game, that allow to maximize the profit? 

To maximize the profit two sub-objective should be taken into consideration: 

• The stock level has always to optimize the expected profit. This means that the 

stock level should be determined using the methodology described in chapter xxx 

and so considering overestimation and underestimation costs, considering that 

mean and standard deviation of each period is function of the length of the time 

frame considered. So, the length of each period will be the independent variable. 

• The costs that can be minimized are the total variable costs (TVC) as the purchase 

costs (PC) can be calculated only at the end of the season. The TVC instead can 

be calculated at the beginning of the season and represent the only level to get a 

cost reduction. 

The cases that will be tackled, among the ones in the multiperiod game, are the two-

periods game and the three-period game. 

TWO PERIODS GAME 

In order to make all the calculation it is necessary to define the variables considered. The 

simplest method consists of assigning a variable 
 to the length of the first period. As the 

duration of the whole season is equal to 20 weeks the length of the second period can be 

simply defined as the difference between these 20 weeks and the length of period one and 

so equal to 20 − 
. 
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The second steps consist of defining the mean and the standard deviation of each period 

as a function of the duration of the period itself. 

So, the first period’s mean can be calculated a simple proportion: 

-?>@!�A D = -�>B��� 
20 

In which 20 represents the 20 weeks composing the entire season.  

Similarly, for the second part of the season: 

-?>@!�A E = -�>B��� 20 − 
20  

Please notice that in a N period game, N-1 variable are sufficient to solve the optimization 

problem without loss of information. As a matter of facts, the last part of the season can 

be defined as the difference between the total length of the season (20 weeks) and the sum 

of the other N-1 independent variables. 

�ST��ℎ?>@!�A G = 20 4QSS
n6 − f �ST��ℎ?>@!�A !
G`D
!gD  

When it comes to defining the standard deviation, there is a non linear relation between .?>@!�A D, .?>@!�A E and .�>B���  and a linear relationship between these ones each one 

power 2. As a matter of facts .�>B��� can be defined like: 

.E�>B��� = 
20 .E�>B��� + 20 − 
20 .E�>B��� 

This means that the variance of the first part of the season will be: 

.E?>@!�A D = 
20 .E�>B��� 

And so, the standard deviation: 
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.?>@!�A D = H 
20 .E�>B��� = .�>B���H 
20 

If .�>B��� is simply called σ: 

.?>@!�A D = .H 
20 

In an analogous way .?>@!�A E can be defined like: 

.?>@!�A E = .�20 − 
20  

The picture below represents the stock profile along the entire season. The length of the 

first period is here equal to 
 and the length of the second one is 20 − 
. 

 

FIGURE 11: STOCKS PROFILE TWO PERIODS 

Now +,D and +,E should be defined using the formula +,! = - + . /0 1 ����L��I23 to guarantee 

they optimize the expected profit. As -?>@!�A D has been defined like -�>B��� �E�, -?>@!�A E 

TLD TLE 
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like -�>B��� E�`�E� ,.?>@!�A D like .H �E� and .?>@!�A E equal to .HE�`�E� , everything can be 

summarized in the table below.  

μ and σ as a function of � 

z8:�9p� � = z�:��p� ��� 

z8:�9p� � = z�:��p� �� − ���  

{8:�9p� � = {H ��� 

{8:�9p� � = {��� − ���  

FIGURE 12: DEMAND IN THE TWO PERIODS AS A FUNCTION OF X 

it is now possible to add +,D and +,E  to the picture previously shown. 
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FIGURE 13: TARGET LEVELS IN THE TWO PERIODS AS A FUNCTION OF X 

The only remaining elements to be considered as a function of 
 are the overestimation 

and underestimation costs. In the computation of them, the only part affected is the one 

regarding the variable costs. As it is present in each one of the four (��|, ��}, ��| and 

��}) they can be written as follows: 

• �o� = 226 � 80 �
E� = ��� � �� 

• �o� = 226 � 80 �E�`�E� � = ��� + �� 

• �p� = 80 �E�`�E� � = �� � �� 

• �p� = 156 + 80 �E�`�E� � = �q� − �� 

The Target Levels computed in this way guarantee that the expected profit will be 

optimized whatever is the length of each period. Now the goal is to minimize the sum of 

the two triangles’ areas to minimize the variable cost. So, the function V(
) describing 

the stock level profile will be: 
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V(
) = 
 12 [- 
20 + .H 
20 0 \ ��|��| + ��|]^ + (20
− 
) 12 �- (20 − 
)20 + .�(20 − 
)20 0 \ ��}��} + ��}]� 

To have more information about each part of the function, more details are shown in the 

picture her below. 

 

FIGURE 14: FUNCTION TO BE OPTIMIZED IN THE TWO PERIODS 

After having substitute, the underestimation and overestimation costs with the values 

previously calculated, the function can be written in the following way. 

V(
) = 
 12 [- 
20 + .H 
20 0 1226 − 4
306 − 8
2^ + (20
− 
) 12 �- (20 − 
)20 + .�(20 − 
)20 0 1146 + 4
382 2� 

This if a single variable function. Many methods can be used to minimize it, for sake of 

simplicity a try-and-error method has been run leading to a duration for the first period 

equal to 9,3 weeks (
 = 9,3 4QSS
n6). On the base of this value also the length of the 

second period (20 − 
) and the target levels for each part of the season can be calculated. 

The results in the table. 

 Fixed time Time optimized 
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Duration P1 (
) 10 9,3 

Duration P2 (20 � 
) 10 10,7 

TL – P1 566 526 

TL – P2 498 531 

CV - P1 40 37,2 

CV - P2 40 42,8 

TCV 42’529€ 42’311€ 

TABLE 39: RESULTS OPTIMAL LENGTH 

THREE PERIODS GAME  

The methodology here used is similar to the one used in the two periods game. Once 

again, the number of variables will be N-1 and so 3-1=2 variables: 
 and �. So, the 

duration of the first period will be equal to 
, the one of the second period will be equal 

to �, and the length of the third period is a function of 
 and �: 20 � 
 � �. 

The table here below summarizes the values of the mean and the standard deviation of 

the demand in each period as a function of 
 and �. In the table μ represents the mean of 

the whole season (-�>B���) and σ is the standard deviation of the entire season (.�>B���). 
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Mean period 1 (z8:�9p� �) z ��� 

Mean period 2 (z8:�9p� �) - �20 

Mean period 3 (z8:�9p� q) - (20 − 
 − �)20  

Standard deviation period 1 
({8:�9p� �) .H 
20 

Standard deviation period 2 
({8:�9p� �) .H �20 

Standard deviation period 3 
({8:�9p� q) .�(20 − 
 − �)20  

TABLE 40: DEMAND IN THE THREE PERIODS AS A FUNCTION OF X AND Y 

These values allow to write the target levels of the three periods by using, once again, the 

formula +,! = - + . /0 1 ����L��I23. The picture below provides a graphical representation of the 

average stock profile in the three-period game. 
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FIGURE 15: STOCKS PROFILE IN THE THREE PERIODS 

  

This means that the function to minimize is now a two independent variables one. 

Therefore, the function V(
, �) can be written as it follows. 

V(
, �) =  
 12 [- 
20 + .H 
20 0 \ ��|��| + ��|]^ +  � 12 [- �20 + .H �20 0 \ ��}��} + ��}]^ + (20 − 

− �) 12 �- (20 − 
 − �)20 + .�(20 − 
 − �)20 0 \ ������ + ���]� 

It is now necessary to define the values of the underestimation and overestimation costs (��|, 

��}, ���, ��|, ��} and ���) as a function of 
 and �. 

• �o�(
, y) = 226 − 80 �E� = ��� − �� 

• �o�(
, y) = 226 − 80 �E� = ��� − �� 

• �oq(
, y) = 226 − 80 �E�`�`�E� � = ��� + �� + �� 

• �p�(
, y) = 80 � �E�� = �� 
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• �p�(
, y) = 80 �E�`�`�E� � = �� � �� � �� 

• �pq(
, y) = 156 + 80 �E�`�`�E� � = �q� − �� − �� 

By substituting these values in the formula, it is possible to proceed with the computation 

and to find a solution in the space of solution *E. 

V(
, �) =  
 12 [- 
20 + .H 
20 0 1 226 − 4
226 − 4
 + 4�2^ +  � 12 [- �20 + .H �20 0 1 226 − 4�306 − 4
 − 8�2^
+ (20 − 
 − �) 12 �- (20 − 
 − �)20 + .�(20 − 
 − �)20 0 1146 + 4
 + 4�382 2� 
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CHAPTER  6 

FURTHER CONSIDERATION ON THE BRAND 

OWNER AND THE SUPPLY CHAIN  

Until now the costs structure of the Brand Owner (BO), which in our case is the 

manufacturer, is considered as fixed. This basically means that the costs of the BO do not 

change if multiperiod case is taken into account. They are equal to 120€ in all the cases 

considered. 

Yet this assumption can hardly happen a real-world situation. The manufactured 

considered generally starts to produce only once the order is received from the shops. It 

is so likely that the costs increase due to a reduce efficiency in the production planning 

and scheduling.  

It is likely that producing after having received more than one order does not allow to 

produce in optimized lots (which can be the EOQ). 

A more realist model can split the cost to produce one item into two categories: the first 

does not depend on the planning and scheduling efficiency, it is considered fixed and will 

be called Fixed Unitary Cost (FUC) and the second one is influenced instead by the 

inefficiency in the production, it will be named Variable Unitary Cost (VUC). Here a 

graphical representation. 
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FIGURE 16: PRODUCTION COSTS COMPOSITION 

In the graph, given a total cost for one piece in the one period game equal to 120,00€, the 

cost to produce one product is split in two halves:  

• Fixed Unitary Cost (FUC) = 60,00€ 

• Variable Unitary Cost (VUC) = 60,00€ 

Now, while the FUC does not change if the number of periods in which the season is split 

(N) increases, the VUC are supposed to be higher instead, if a higher N is considered. An 

assumption is made about the cost increase in the Variable Unitary Cost (VUC): it is 

augmented of the 10% every time the season is split in a further period. So, the VUC 

follows the relation below. 

i�� = 60,00(1 + � ∗ 10%) 

This way in the two-period game it would be equal to 66,00€, in the three-period game to 

72,00€ and so on. Of course, the Fixed Variable Cost, still present, does not change. The 

costs in the multiperiod can be represented by the graph below. 

0

50

100

150

Production Costs
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FIGURE 17: PRODUCTION COSTS COMPOSITION IN A MULTI-PERIODS CONTEXT 

Now, the way each shop takes its own decisions remains identical to the one previously 

described. Given the fact that there is not still any order restriction and the assumptions 

made considering a no return policy and not correlated demand are all still valid, the 

model can be applied again using this cost structure for the BO. 

An important question to find an answer now is: who is going to pay these additional 

costs? In this model it is made an assumption according to which the Brand Owner wants 

to keep stable its profit per unit. This fact leads to an increase of the wholesale price (�	) 

equal to the increase in the manufacturing cost (��).  

In the table below are summarized the new data about manufacturing costs and wholesale 

prices. 

Number of 

periods 

Manufacturing Cost 

(��) 
Wholesale Price (��) 

0
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80
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140

160

1 period 2 periods 3 periods 4 periods

Costs Structure in a multi-period context

Serie 1 Serie 2 Colonna1
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1 €     120,00 €      320,00 

2 €     126,00 €      326,00 

3 €     132,00 €      332,00 

4 €     138,00 €      338,00 

5 €     144,00 €      344,00 

… … … 

7 €     156,00 €      356,00 

… … … 

10 €     174,00 €      374,00 

TABLE 410: TOTAL MANUFACTURING COST AND WHOLESALE PRICE IN A MULTI-PERIODS CONTEXT 

As it is described before, the manufacturer is basically a passive subject, as its actions are 

limited to satisfy the demand coming from the shops. The active subject in the decision 

about the order quantity is the shop instead.  

As the added costs actually modify the cost structure, they have an impact on the 

underestimation and overestimation costs. As a matter of facts these different costs 

modify the critical ratio and therefore, a different target level in each period can be 

calculated. 
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Here below are summarized underestimation and overestimation costs and the 

corresponding critical ratio for the first five cases (1 period game, 2 periods game, and so 

on until the 5 periods game). Please remember that the underestimation cost does not vary 

along the season and the overestimation costs remain steady from period 1 to period N-1 

and only change in the last part of the season (period N). 

Number of 

periods 

Underestimation Cost 

(�o) 

Overestimation Cost  

(�o9 , � < 9 < s � �) 

Overestimation Cost 

(�os) 

1 €     146,00 - €      236,00 

2 €     180,00 €      40,00 €      202,00 

3 €     187,33 €      26,66 €      194,66 

4 €     188,00 €      20,00 €      194,00 

5 €     186,00 €      16,00 €      196,00 

… … … … 

7 €     178,57 €      11,43 €     203,43 

… … … … 
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10 €     164,00 €      8,00 €     218,00 

TABLE 42: SUMMERY TABLE (1) N PERIODS 

The underestimation and overestimation costs calculated above determine different 

critical rations (�*) for the periods from 1 to N-1 and for the last part of the season (period 

N) and so different target levels. 

Number of 

periods 

Critical Ratio from 

period to period N-1 

(��9, � < 9 < s � �) 

Critic al Ratio 

Period N 

(��s) 

Target Level from 

period to period N-1 

(� 9, � < 9 < s � �) 

Target Level 

Period N 

(� s) 

1 - 0,3822 - 970 

2 0,8182 0,4712 565 495 

3 0,8754 0,4904 400 332 

4 0,9038 0,4921 315 249 

5 0,9208 0,4869 263 199 

… … … … … 

7 0,9399 0,4675 202 140 



92 

 

… … … … … 

10 0,9535 0,4293 153 94 

TABLE 43: SUMMERY TABLE (2) N PERIODS 

Once set all the target levels, and so now that is clear which would be the choices made 

by the shop on the order quantity, the simulation can be run. 

In this simulation the goal is not only to get some data on the profit of the shop, but also 

to collect the profits of the Brand Owner and so for the entire Supply Chain. 

There is nothing new about how to calculate the profit of the shop and of the Brand 

Owner. The calculation of the profit in the Supply Chain is instead simply calculated by 

the sum of the profits made by the two actors. 

YXWV��¡¢££¤¥ �¦§¨G = YXWV��¡¦d£ + YXWV��c©§Gª d«G¬© 

In the table below are collected all the results got from the simulation study in the first 

five cases (1 period game, 2 periods game and so on). 

Number of 

periods 
Shop’s Profit Bran Owner’s profit  

Supply Chain’s 

Profit 

1 €     131.716,00 €      194.000,00 €      325.716,00 

2 €     165.572,00 €     198.152 ,00 €      363.724,00 

3 €     173.375,00 €      198.433,00 €     371.808 ,00 
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4 €     177.492,00 €      199.158,00 €      376.650,00 

5 €    174.576,00 €      199.302,00 €      373.878,00 

… … … … 

7 €    167.861,00 €    198.538,00 €    366.399,00 

… … … … 

10 €    153.808,00 €    197.334,00 €    351.142,00 

TABLE 44: RESULTS FROM THE SIMULATION STUDY 

As it is shown by the table the profit along the Supply Chain reaches its maximum in the 

four periods game. Of course, this result is strictly related to the cost structure used. If, 

for instance, the increase in the manufacturing cost would have been equal to 12,00€ each 

time, instead of 6,00€, probably the results would be different.  

It is likely that, if the additional cost per unit to allow a higher number of period in which 

to split the season (N) is higher the maximum profit along the Supply Chain will come 

earlier, maybe in the two periods game or in the three periods game. 

What is really interesting is the shape of the profit curve along the Supply Chain. From 

these few results the shape of the profit curve seems to be bell-shaped. It is also not so 

strange having achieved a result like this, as a matter of facts the profit curves reach its 

maximum when the increase in the manufacturing costs in compensated by the decrease 

in the variable costs. When the additional costs due to an increase of the manufacturing 

costs are not compensated by the reduction in the variable costs for the shop, the profit 

along the Supply Chain starts to decrease. 
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It is also interesting the fact that in the four periods game also the underestimation costs 

touch their maximum and the overestimation costs, for the last part of the season (period 

N) their minimum. This way also the critical ration in period N touches its maximum in 

the four periods game. 

It follows a graph in which are put the curves representing the profit of the shop, the 

Brand Owner and the Supply Chain. 

 

FIGURE 18: PROFIT PER EACH ACTOR IN A MULTI-PERIODS CONTEXT 

Another interesting insight regards the sharp increase can be seen in the graph form the 

one period game to the two periods game. 

This is due to the fact that already at the two periods game the average order by the shops 

well approximate the demand mean, while, in the one period game, the critical ratio for 

the shop lead it to order a quantity which is lower than the mean. 

Overall it seems clear that to split the season in more than a single time frame allows to 

better follow the demand. On the other hand, even if a higher N leads to decreased variable 
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costs for the shop, a season split in too many periods would let the manufacturing costs 

increase so much that they would determine a decrease in the Supply Chain profit. 
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CHAPTER  7 

FOCUS ON THE ONE PERIOD GAME:  PROFIT 

MAXIMIZATION ON THE SUPPLY CHAIN AND 

CONTRACTS 
 

The aim of this section is to focus on the Supply Chain (SC) perspective in the light of 

the results obtained from the other two perspectives: the shop and the Brand Owner’s 

(BO) ones. With the term “result” it is meant the behavioral model for the two actors, 

which is considered the base on which to build further considerations. 

The analysis made until now had the goal to find some ways to maximize the profit in the 

context of a contract which does not consider a return policy. The way explored were 

basically the chance to allow more than one order along the season or to modify the length 

of the periods. 

In this chapter, inside the boundaries of a one period game, firstly will be defined which 

is the target level that maximizes the profit on the whole supply chain, just after a brief 

recap of the target level for each of the two actors. 

After this, the ways to align all the actors on this target will be analyzed. Obviously, the 

main mean to get this result is through a contract. Four of them will be considered. 

PROFIT MAXIMIZATION ALONG THE SUPPLY CHAIN - 
METHODOLOGY AND RESULTS  
 

DATA AND ASSUMPTIONS 
Assumptions’ table  

One echelon distribution network � 

Single item (1 SKU) � 

Lead time equal to 0 � 

No order restriction � 
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No return policy � 

One period game � 

Perfect rationality of the actors � 

TABLE 45: ASSUMPTIONS' TABLE 

The assumptions do not change from the first case taken into account in this analysis. 

The same can be said for what concerns data about the demand, standard deviation and 

overestimation and underestimation costs. 

Here the data about the demand are summed up. 

 

 

 

The data about underestimation and overestimation costs from the shop perspective. 

 

 

 

Data about underestimation and overestimation costs from the Brand Owner perspective. 

 

 

METHODOLOGY AND RESULTS 
The methodology used to understand which target level allows to maximize the profit 

along the Supply Chain does not change with respect to the one used for a shop and the 

Brand Owner. 

For the shop the formula used was: 

+,¡¦d£ = - + . [0 \ ��,¡¦d£��,¡¦d£ + ��,¡¦d£]^ 
Where the underestimation cost is equal to the opportunity cost of not selling one item at 

a full price (so when the demand exceeds the target level), so it is the difference between 

Average demand (μ) Standard deviation (σ) 

1000 100 

TABLE 46: DEMAND 

Underestimation cost (�o) 146,00€ 

Overestimation cost (�p) 236,00€ 

TABLE 47: SHOP'S SUMMARY TABLE 

Underestimation cost (�o) 200,00€ 

Overestimation cost (�p) 0€ 

TABLE 48: BO'S SUMMARY TABLE 
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the revenues generated by the sale of a single product and the unitary costs, 

comprehensive of the wholesale price and the variable unitary costs. 

The overestimation costs are equal to the difference between the revenues generated by 

the sale of a product at a discounted price and, once again, the unitary costs associated. 

��,¡¦d£ = �(1 − 0,22) − (�	 + �%) = 146,00€ 

��,¡¦d£ = (�	 + �%) − �(1 − 0,22)(1 − 0,70) = 236,00€ 

Therefore, the target level will be equal to 970 pieces. 

+,¡¦d£ = 1000 + 100 /0 1 146146 + 23623 
The same procedure can be applied to the BO, the only difference consists in the values 

of underestimation and overestimation costs. From this perspective the underestimation 

cost consists in the lost sale wholesale price (�	) minus manufacturing cost (��), and 

there is no possibility to overestimate the demand letting the overestimation costs 

dropping to 0. Below all the procedure. 

+,c©§Gª d«G¬© = - + . [0 \ ��,c©§Gª d«G¬©��,c©§Gª d«G¬© + ��,c©§Gª d«G¬©]^ 
 

��,c©§Gª d«G¬© =  �	 − �� = 200,00€ 

��,c©§Gª d«G¬© = 0€ 

Having no risk to overestimate the demand can be said that the Brand Owner will tend to 

sell as much products as possible to the shop. It means its target level can be considered 

equal to +∞. 

If the Supply Chain perspective is considered instead, the two actors must be considered 

entity. This means that the revenues taken into account are the ones generated by the sales 

to the final customer (�	), and so equal to the price the final customer pays minus the 

taxes, and the costs considered are the manufacturing costs (��) and the variable costs 

(�%). 

So, the underestimation and overestimation costs will take this form:  
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��,¡¢££¤¥ �¦§¨G = �(1 − 0,22) − (�� + �%) = 4546 − (120 + 80)6€ = 346,00€ 

��,¡¢££¤¥ �¦§¨G = (�� + �%) − �(1 − 0,22)(1 − 0,70) = 4(120 + 80) − 1646€
= 36,00€ 

By using the same methodology, the next step consists in putting all these data inside the 

formula: 

+,¡¢££¤¥ �¦§¨G = - + . [0 \ ��,¡¢££¤¥ �¦§¨G��,¡¢££¤¥ �¦§¨G + ��,¡¢££¤¥ �¦§¨G]^ 
After all the computation it is get a +,¡¢££¤¥ �¦§¨G equal to 1132 pieces. 

+,c©§Gª d«G¬© = 1000 + 100 /0 1 146146 + 3623 = 1132 Y�SmSn 

The table below represent a synthetic view of the results got until now. 

 

 

 

 

 

 

 

 

 

 

1132 is the target level that maximizes the profit along the supply chain but still the two 

actors will tend to make a different choice. The shop will issue an order of 970 pieces as 

it is the quantity that maximizes its profit while the Brand Owner, given the fact that there 

is not a return policy, will try to push the sales as much as possible because, even if some 

stocks remains unsold, it does not take any risk and its profit continuously (and linearly) 

grows with the number of pieces sold to the shop. 

 �� �� �* 
Order 

Quantity  

Shop 146 236 0,38219 970 

Brand Owner (BO) 200 0 1 +∞ 

Supply Chain (SC) 346 36 0,90576 1132 

TABLE 49: OPTIMAL TL PER EACH ACTOR 
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Of course, this line of reasoning does not take into account the loss in terms of imagine 

for a brand when it comes to selling a high number of pieces at a discounted price. 

Having set this target level from the Supply Chain perspective, the goal of a contract will 

be to make all the actors willing to align themselves to this target. 

To do that it is necessary to work on the critical ratios seen by the shop and the Brand 

Owner in order to align them to the critical ratio of the Supply Chain (0,90576). 

To reach this goal it is necessary to leverage on the underestimation and overestimation 

cost of the actors through a contract. 

Each kind of contract has a different approach, each one of them will be discussed in the 

next section. 

CONTRACTS 
In this section, four typologies of contract will be analysed. In the following paragraph 

can be found a description of each of them, further on will be discussed how they modify 

the underestimation and overestimation costs of each one of the two actors taken into 

account in the supply chain. This last part of the analysis allows to understand how, if it 

is possible, they can align the choices of the shop and the Brand Owner to the target level 

which maximize the profit along the Supply Chain. 

Please notice that to align the critical ratios require implicitly to split the risk, in a fair 

way, among the actors which compose the Supply Chain. 

TYPES OF CONTRACTS 
The table below provides a synthetic overview on the contracts analysed. On the left the 

name of the contracts and on the right a brief description. 

Wholesale Price 

(Bernstein, 

Federgruen, 2005) 

The Wholesale Price contract is the simplest one. The Brand 

Owner set a fixed price per unit. The price does not change the 

Shop has to pay does not change. 

Quantity Discount 

(Weng, 1995) 

The Brand Owner progressively lower the price per unit as the 

number of products ordered increases. The aim of the Brand 

Owner of using this typology of contract is to give an incentive 

to the Shop to order a higher number of pieces. 
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Buyback 

(Pasternack, 1985) 

The Buyback contract introduces a cash flow between the Brand 

Owner and Shop after the end of the season. After the end of it 

the Brand retrieves the products which remain unsold and pays 

to the Shop a certain amount of money, which will be called 

“buyback price”, but the Shop when it comes to issuing and order 

buy the goods at a fixed price. 

In this way the Shop does not have to be charged of the entire 

risk of demand forecasting, therefore it is pushed to issue a 

bigger order.  

Revenue Sharing 

(Cachon, Lariviere, 

2005; Giannoccaro, 

Pontrandolfo, 

2004) 

This type of contract firstly modifies the cost structure of the 

Shop and the introduces a cash flow after the end of the season. 

The Brand Owner guarantees a lower wholesale price for each 

unit ordered by the Shop but a percentage of the revenues 

generated by that products are given back to the Brand Owner at 

the end of the season. 

TABLE 50: CONTRACT TYPOLOGIES ANALYZED 

WHOLESALE PRICE 
Wholesale price is basically what has been analysed in the first section. When the 

wholesale price (�) is fixed and there is not a return policy it is not possible to have any 

leverage to raise the critical ratio of the Shop (�*¡¦d£) to the one of the Supply Chain 

(�*¡¢££¤¥ �¦§¨G). 

This way the quantity ordered by the shop for the first period, which is equal to the target 

level, would be equal to 970 pieces. Below are reported the result previously shown when 

a single period game without return policy has been taken into account. 

Target Level Shop’s Average 

profit 

Brand Owner’s 

Average profit 

Supply Chains’ 

Average profit 

970 131.716,30€ 194.000,00€ 325.716,30€ 

TABLE 51: WHOLESALE PRICE TL AND RESULTS 
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QUANTITY DISCOUNT 
 

The aim consists of understanding which would be the quantity discount that lead to Shop 

to align its Target Level to the one of the supply chain. Therefore, in this way the profit 

along the Supply Chain would be optimized. 

The quantity discount effect, in the model considered, modifies the overestimation and 

underestimation costs. In particular, from the shop perspective, a quantity discount would 

raise the profit per piece both in a full price sale and in a discounted price sale. Therefore, 

underestimation cost for the shop would be higher and the overestimation cost would be 

lower. 

Defining 
 as the quantity discount: 


 = ­®¯T���� Z�nmW®T� YSX Y�SmS 4€6 
Underestimation and overestimation costs can be defined as follows: 

�� = �(1 − 0,22) − �° − �	 + 
 

�� = �° + �	 − �(1 − 0,22)(1 − 0,70) − 
 

And so, they can be computed: 

�o = 546 − 80 − 320 + 
 = ��� + � 

�p = 80 + 320 − 164 − 
 = �q� − � 

As the critical ratio to optimize the profit along the Supply Chain is known, and equal to 

0,90576  (�*¡¢££¤¥ �¦§¨G), in order to find the value of 
 it is enough to put the critical 

ratio of the Shop, which is a function of 
, equal to �*¡¢££¤¥ �¦§¨G. 

�*¡¦d£ = ��,¡¦d£��,¡¦d£ + ��,¡¦d£ = �*¡¢££¤¥ �¦§¨G 

Therefore: 

�(1 − 0,22) − �° − �	 + 
�(1 − 0,22) − �° − �	 + 
 + �° + �	 − �(1 − 0,22)(1 − 0,70) − 
= �*¡¢££¤¥ �¦§¨G 

Going on with the calculation: 
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146 + 
146 + 
 + 236 − 
 = 146 + 
382 = 0,90576 

And so: 


 = 200€ 

 What can be found by solving the equation above is that the quantity discount, which let 

the shop align to the Supply Chain, would be equal to 200,00€. This would mean that the 

Brand Owner’s profit per piece would be equal to 0. Of course, this would be a not 

acceptable condition for the Brand Owner, that would be forced to sell the products at the 

cost to produce them. 

It seems impossible to reach the objective through a quantity discount. 

BUYBACK 
 

At this step the Brand Owner buy back the stocks remaining at the end of period in the 

Shop. Due to this fact what is affected is the overestimation cost (��). Now an unsold 

piece can not be sold at a discounted price by the Shop as it is retrieved by the Brand 

Owner. Yet, the Brand Owner pay a “price”, called �, to buy back the unsold products at 

the end of the season. 

Nothing changes instead for what concerns the underestimation cost which is not affected 

by the Buyback Price. 

This price is the only leverage to align the critical ratio of the Shop to the one of the 

Supply Chain. If it so defined: 

� = ±®�²¯m
 �X�mS 4€6 
The underestimation and overestimation cost can be written like: 

�� = �(1 − 0,22) − �% − �	 

�� = �% + �	 − � 

Proceeding with all the calculations: 

�� = 546 − 80 − 320 = 146 

�� = 80 + 320 − � = 400 − � 
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Once the critical ratio of the Shop is written as a function of � it must be considered equal 

to the Supply Chain’s critical ratio to find the value of �. 

�*¡¦d£ = �(1 − 0,22) − �% − �	�(1 − 0,22) − �% − �	 + �% + �	 − � = �*¡¢££¤¥ �¦§¨G 

The calculation: 

146146 + 400 − � = 146546 − � = 0,90576 

The value got: 

� = 385€ 

The result suggests that the Brand Owner should pay a price even higher of the wholesale 

price in order to buy back the unsold products at the end of the season. 

And the Target Level optimizing the Shop’s profit is equal to: 

+,¡¦d£ = 1132Y�SmSn 

Which, as expected, is equal to the Target Level which optimizes the profit along the 

Supply Chain. 

Brand Owner Perspective 

Even if at a first sight this policy, having a so high Buyback Price, could seem unlikely 

to be implemented by the Brand Owner, it is interesting to analyze how does the Brand 

Owners critical ratio change in order to understand which would be its choice in a 

perfectly rational context. 

The underestimation cost from the Brand Owner perspective does not change if a buyback 

policy is adopted. It remains equal to the opportunity cost a lost sale and so equal to the 

profit per piece made by the Brand Owner. 

What changes is the overestimation cost. As a matter of facts if the demand is 

overestimated, and so there are still stocks in the Shop at the end of the season, the 

manufacturer is force to buyback the remaining units paying a Buyback Price, which is 

equal to 385,00€ in the case considered. Then, after having retrieved the products, the 

Brand Owner is supposed to sell all the remaining stocks at a discounted price, for sake 
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of simplicity again equal to the full price discounted by 70%, generating a positive cash 

flow which reduces its overestimation cost. 

�� = �	 � �� 

�� = �� + � � �	 � �(1 − 0,22)(1 − 0,70) 

This way, the underestimation and overestimation costs are: 

�� = 320 − 120 = 200,00€ 

�� = 120 + 385 − 320 − 164 = 21,00€ 

Therefore, the critical ratio of the manufacturer: 

�*¡¦d£ = �	 − ���	 − �� + �� + � − �	 − �(1 − 0,22)(1 − 0,70) 

�*¡¦d£ = 200200 + 21 = 0,90498 

And the Target Level optimizing the Brand Owner profit is equal to: 

+,c©§Gª d«G¬© = 1132 Y�SmSn 

Which is exactly the Target Level which optimizes the profit along the Supply Chain. 

By adopting this typology of policy, it is possible to make the two actors converge toward 

the optimization of the profit on the whole Supply Chain. 

Results from the simulation study 

A simulation has been run to understand what would happen under this typology of 

contract. 

In the table below are compared the results of the simulations run for the Buyback contract 

and the Wholesale Price one. 

 
Target Level 

Shop’s 

Average profit 

Brand Owner’s 

Average profit 

Supply Chains’ 

Average profit 

Wholesale 

Price 

970 pieces 131.716,30 194.000,00€ 325.716,30€ 

Buyback 1132 pieces 143.734,71€ 196.836,39€ 340.571,10€ 
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TABLE 52: TWO CONTRACT TYPOLOGIES' RESULTS AND COMPARISON 

 

As it is show, the profit along the supply chain has significantly increased. Moreover, 

both the two actors have increased their own profit, yet most of the benefits of this policy 

are seen by the Shop which increase in the profit is more than four times the one for the 

Brand Owner. 

REVENUES SHARING 
In the Revenue Sharing contract, the Shop buys the products at a discounted price but it 

has to share with the Brand Owner a percentage of the revenues. The revenues considered, 

and so shared, in this model will be both the ones at full price and the ones at a discounted 

price.  

Shop perspective 

Both underestimation and overestimation costs are affected because revenues and 

wholesale price are taken into consideration in both the two. In particular the 

underestimation cost can be considered equal to the percentage of revenues which remain 

in the hands of the shop minus the variable cost, related to a single unit, minus the 

wholesale price, that is, in this context, discounted. 

The percentage of revenues shared with the Brand Owner and the percentage of discount 

are defined this way: 

� = �SXmST�¯�S WV XS ST®Sn �� ST �W �ℎS ±_ 4%6 

 = ­®¯T���� Z�nmW®T� YSX Y�SmS 4%6 

And so, the underestimation and overestimation costs: 

�� = �(1 − 0,22)(1 − �) − �% − �	(1 − 
) 

�� = �% + �	(1 − 
) − �(1 − �) 

Proceeding with all the calculations: 

�� = 546(1 − �) − 80 − 320(1 − 
) = 146 − 546� + 320
 

�� = 80 + 320(1 − 
) − 164(1 − �) = 236 − 320
 + 164� 
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Once the critical ratio of the Shop is written as a function of � and 
 it must be considered 

equal to the Supply Chain’s critical ratio in order to find the values of the two. Having 

now two variables what it is going to be found out is the value of one of variable as a 

function of the other. So, what could be get is a space of solution. 

�*¡¦d£ = �(1 − 0,22)(1 − �) − �% − �	(1 − 
)�(1 − 0,22)(1 − �) − �% − �	(1 − 
) + �% + �	(1 − 
) − �(1 − �)= �*¡¢££¤¥ �¦§¨G 

The calculation: 

146 − 546� + 320
146 − 546� + 320
 + 236 − 320
 + 164� = 146 − 546� + 320
382 − 382� = 0,90576 

 As a result, it is possible to get a line in a bi-dimensional space having equation equal to: 

� = 1,6
 − 1 

Which can be represented this way.  

 

By knowing that both the two variables are percentage, and so their value is between 0 

and 1, it is possible to define the lower and the upper boundaries for the two variables. 
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0 < � < 0,6 

0,625 < 
 < 1 

For instance, if the discount on the wholesale price would be considered equal to 70%, 

the percentage of revenues given to the brand owner has to be equal to 12%. 

Brand Owner perspective 

It is now interesting to understand from a Brand Owner perspective which would be the 

ideal combination of revenues shared and percentage of quantity discount that make its 

critical ratio align to the one of the Supply Chain. 

Using the same procedure, the starting point consist of defining the underestimation and 

overestimation costs for the Brand Owner. 

�� = �(1 − 0,22)� + �	(1 − 
) − �� 

�� = �� − �(1 − 0,22)(1 − 0,70)� − �	(1 − 
) 

Proceeding with all the calculations: 

�� = 546� + 320(1 − 
) − 120 = 546� − 320
 + 200 

�� = 120 − 320(1 − 
) − 164� = 320
 − 164� − 200 

It is now possible to define the critical ratio a function of � and 
. 

�*¡¦d£
= �(1 − 0,22)� + �	(1 − 
) − ���(1 − 0,22)� + �	(1 − 
) − �� + �� − �(1 − 0,22)(1 − 0,70)� − �	(1 − 
)= �*¡¢££¤¥ �¦§¨G 

The calculation: 

546� − 320
 + 200546� − 320
 + 200 + 320
 − 164� − 200 = 546� − 320
 + 200382� = 0,90576 

The result is a line in a bi-dimensional space having equation equal to: 

� = 1,6
 − 1 

And again, considering that both � and 
 are percentage, the set of possible solutions 

should belong to the space: 
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0 < � < 0,6 

0,625 < 
 < 1 

Which is identical to the one found for the shop.  

This means that the combination of � and 
 chosen, among the ones in the interval of 

possible solutions (the ones on the straight line), optimizes the critical ratio of both the 

two actors involved, and maximizes the profit along the Supply Chain. 

Results 

In order to perform a simulation a value for the quantity discount 
  and then, 

consequently, for the percentage of revenues to give to the customer, should be set. If 
 

is set equal to 0,7, the values considered for the simulation are: 


 = 70% 

� = 12% 

Therefore, the underestimation and overestimation costs: 

��,¡¦d£ = 546(1 − 0,12) − 80 − 320(1 − 0,70) = 304,48€ 

��,¡¦d£ = 80 + 320(1 − 0,70) − 164(1 − 0,12) = 31,68€ 

��,c©§Gª d«G¬© = 546 ∗ 0,12 + 320(1 − 0,70) − 120 = 41,52€ 

��,c©§Gª d«G¬© = 120 − 320(1 − 0,70) − 164 ∗ 0,12 = 4,32€ 

And the Critical Ratio for the two actors: 

�*¡¦d£ = 304,48304,48 + 31,68 = 0,90576 

�*c©§Gª d«G¬© = 41,5241,52 + 4,32 = 0,90576 

Which means that the Critical Ratio of each actor is line with the one of the Supply Chain. 

�*¡¦d£ = �*c©§Gª d«G¬© = �*¡¢££¤¥ �¦§¨G 

By using the data found above is possible to run a simulation keeping the values of 
 

equal to 70% and of � equal to 12%. The results are compared with the ones of the 

contracts previously analysed: Wholesale Price and Buyback. 
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Target Level 
Shop’s 

Average profit 

Brand 

Owner’s 

Average profit 

Supply 

Chains’ 

Average profit 

Wholesale 
Price 

970 pieces 131.716,30 194.000,00€ 325.716,30€ 

Buyback 1132 pieces 143.734,71€ 196.836,39€ 340.571,10€ 

Revenue 
Sharing 

1132 pieces 299.702,56€ 40.868,53€ 340.571,10€ 

TABLE 53: THREE CONTRACT TYPOLOGIES' RESULTS AND COMPARISON 

Being the order quantity (Target Level) equal to the one which optimizes the profit along 

the supply chain, the Supply Chain’s profit got is equal to the one obtained through a 

Buyback contract and equal to the maximum average profit along the supply chain. 

What is interesting to notice is that by using this values for 
  and �  
(
 = 70% and � = 12%) the contract transfers the largest amount of profit in the hands 

of the Shop. This condition would be not acceptable by the Brand Owner who sees lower 

profits than the ones got through the other typologies of contract. 

As a range of possible value of 
  and �  is available for a choice it is interesting to 

understand how the profit is split among the players when the values of 
 and � change. 

Here below are reported the values of 
 and � for which a simulation study has been 

performed and the relative underestimation and overestimation costs for both the shop 

and the Brand Owner. 

k t �o,³´~� �p,³´~� �o,µ�¶s· ~¸s¹� �o,µ�¶s· ~¸s¹� 

65% 4% 332,16€ 34,56€ 13,84€ 1,44€ 

70% 12% 304,48€ 31,68€ 41,52€ 4,32€ 

75% 20% 276,80€ 28,80€ 69,20€ 7,20€ 

80% 28% 249,12€ 25,92€ 96,88€ 10,08€ 

85% 36% 221,44€ 23,04€ 124,56€ 12,96€ 

90% 44% 193,76€ 20,16€ 152,24€ 15,84€ 

95% 52% 166,08€ 17,28€ 179,92€ 18,72€ 

99% 58% 143,94€ 14,98€ 202,06€ 21,02€ 

TABLE 54: SUMMERY TABLE (FOR SEVERAL VALUES OF K  AND T) 
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And the results of the simulation study per each one of the values reported. 

K t ³ºp8»� ��p¼9½ µ���� ~��:�»� ��p¼9½³o88¾� �º�9�»� ��p¼9½
65% 4% 326.948,25€  13.622,84€  340.571,10€  

70% 12% 299.702,56€  40.868,53€  340.571,10€ 

75% 20% 272.456,88€  68.114,22€  340.571,10€ 

80% 28%   245.211,19€   95.359,91€  340.571,10€ 

85% 36% 217.965,50€  122.605,59€  340.571,10€ 

90% 44% 190.719,81€  149.851,28€  340.571,10€ 

95% 52% 163.474,13€  177.096,97€  340.571,10€ 

99% 58% 141.677,58€  198.893,52€  340.571,10€ 

TABLE 55: PROFIT DISTRIBUTION ALONG THE SUPPLY CHAIN 

  

The profit along the Supply Chain never changes and it is already optimized given the 

fact the values considered for  
 and � are the ones on the line � = 1,6
 − 1. 

The profits of the Shop and the Brand Owner instead varies. As a matter of facts while 

the Brand Owner’s profit increases as the value of 
  becomes higher (and, as a 

consequence also the value of � increases), the Shop’s profit goes the other way round. 

The graph below shows the trend of the profit of the Shop, the Brand Owner and the 

supply chain. On the 
 axe the values of 
 considered. 
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FIGURE 20: PROFIT DISTRIBUTION 

 

The meaning of the graph is that, even if all the points on the line � = 1,6
 − 1 optimizes 

the profit, it does not mean that the profits made along the Supply Chain are always split.  

Yet it is possible taking as a reference this model to set the values of 
 and � which are 

acceptable for both the two players.   
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CHAPTER  8 

INTRODUCTION OF THE BRAND IMAGE DAMAGE  
 

Talking about luxury products one of the distinctive traits is exclusivity. An emotional 

characteristic like this one has strong implications on the inventory management too 

because a piece in overstock sold at a discounted price at the end of the season can reduce 

the value perceived of the goods. 

Grewal et al. faced this topic, the effect of discount in the customer evaluations and the 

consequences on purchases, pointing out some key concepts. 

In the customer mind there is an already an idea of the price a particular item can have. 

This is called internal reference price and it can be considered close to the average market 

price of a product class (Biswas and Blair, 1991). The judgement of a customer on a price, 

on its fairness, is given by the comparison between the expected price and the actual one. 

It is necessary now to point out that this internal reference price is the adaptation level, it 

means that when a product is sold at a discounted price the internal reference price lowers 

and so is also lower the perception of the product’s value (Grenwal and Compeau 1992). 

The fluctuation of the internal reference price (IRP) can be explained through the 

Assimilation-contrast theory. The IRP has basis in the experience the customer has about 

the product and other information which come from the environment and a promotion is 

part of this kind of information, which, once assimilated by the customer, let his/her IRP 

lower (Zeithmal and Graham 1993). 

In this case cost of the brand image affects the Supply Chain and in particular the Brand 

Owner which sees the value of its own brand or brands decrease.  

From the article Grewal et al. wrote, a couple of sentence will be reported as they are 

explicative and constitute two good point to be summed up. 

“The greater the price discount, the lower the buyers’ internal reference price” 

And 

“The higher the price discount, the lower the buyers’ quality perception” 
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This because the price in general is a first metric to assess the quality of a product. 

It has to be mentioned that in the short-term price deals and discount generate value for 

the customer but lowering his or her IRP the brand equity, composed by perceived quality, 

brand loyalty and brand awareness (Yoo et al. 2000), is damaged. In particular, with 

reference to the three brand equity’s components, what changes is the perceived quality 

of a brand which does not show confidence in the value its products can create for the 

customers (Villarejo-Ramos A.F. and Sànchez-Fanco M.J). 

The cost structure of the Supply Chain in case of having overestimated can be represented 

this way, in a single period context regulated by a Wholesale Price contract. 

 

FIGURE 21: SUPPLY CHAIN'S OVERESTIMATION COSTS COMPOSITION 

METHODOLOGY AND RESULTS 
 

Taking into consideration a wholesale price policy, and so without the possibility to return 

the unsold items, if it is defined: 


 = �Wn� WV ±X¯TZ ¿À¯�S k¯À¯�S 4€6 
In the single period can be determined the underestimation and overestimation of both 

the two players and the Supply Chain. 
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 Shop Brand 
Owner 

Supply Chain 

�o �(1 − 0,22) − (�	 + �%) �	 − �� �(1 − 0,22) − (�� + �%) �p (�	 + �%) − �(1 − 0,22)(1 − 0,70) Á (�� + �% + Á) − �(1 − 0,22)(1 − 0,70) 

FIGURE 22: SUMMARY TABLE 

As shown in the table the costs of the brand image damage are seen just by the Brand 

owner and so by the Supply Chain. Even if the Brand Owner does not risk to overestimate 

the demand coming from the shops it suffers the risks taken by them. This means that 

when a shop overestimates the demand also the Brand Owner has to pay a price and this 

price is the damage to the brand image. 

Let’s firstly define is the meaning of Á. 

Á represents the losses in term of profit which would be given by further sales of other 

brand’s products. It is possible to make write Á as a function of the lost sales regarding 

future purchase of the customer which, having shifted his internal reference price, is no 

more willing to pay a high price for a product belonging to the brand considered. 

This way Á is defined as a combination of the coefficient of lost sales Â¾�, which is the 

ratio between future sales (in value) and the current purchase times the profit loss per 

each actor involved in the Supply Chain and the Supply Chain itself, times the profit 

related to the current purchase (if it would be sold at full price). When the coefficient Â¾� 

is equal to 0 it means that there is no loss of future sales and so the value perceived by the 

customer does not change. When it is equal to one, it means that in the future the customer 

will not buy the brand’s product for a value equal to the value of the current purchase. So Á can be defined like: 

Á = Â¾�(��p¼9½;o��:�½ 8o�;º��:) 

By applying the formula: 

+, = - + . /0 1 ���� + ��23 
It is possible to determine the optimal Target Level for each actor and for the Supply 

Chain. Of course, given the fact that Á actually affects the Brand the target level of stocks 

will change if a Brand Owner or a Supply Chain point of view is taken into consideration. 
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The shop considered  is a multi-brand one, in this model it is not supposed to suffer the 

damage of the brand image and so its inventory target level will remain unchanged. 

In the table below the results about the desired target level of inventory for each actor per 

four values of the coefficient of lost sales Â¾�. 
 Â¾� �p �o �� Ã(��) �  

B
ra

nd
 

O
w

ne
r 0 0 200 1 ∞ ∞ 

1 200 200 0,5 0,00 1000 
2 400 200 0,33 -0,43 957 
3 600 200 0,25 -0,67 933 

S
ho

p 

0 236 146 0,38 -0,30 970 
1 236 146 0,38 -0,30 970 
2 236 146 0,38 -0,30 970 
3 236 146 0,38 -0,30 970 

S
up

pl
y 

C
ha

in
 0 36 346 0,91 1,32 1132 

1 382 346 0,48 -0,06 994 
2 728 346 0,32 -0,46 954 
3 1074 346 0,24 -0,69 931 

TABLE 56: DIFFERENT TLS PER EACH ACTOR CONSIDERING DIFFERENT VALUES FOR THE LOST 

SALES COEFFICIENT 

In this situation, when Ä=� is equal to 2 or 3, the target level of inventory the Brand Owner 

wants to put on the shelves is even lower with respect to the Shop’s one. 

As a matter of fact, even if selling more product can produce more profit for the 

manufacturer in the short term, a deeper investigation of the effect in the long run of a 

discount let the Brand Owner choose a way which can preserve the brand image. 

The graph below provides a graphical representation of the optimal Target level (TL) of 

inventories per each actor involved in the Supply Chain and the Supply Chain itself while  Â¾� varies. 
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FIGURE 23: DIFFERENT TLS PER EACH ACTOR CONSIDERING DIFFERENT VALUES FOR THE LOST 

SALES COEFFICIENT 
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CHAPTER  9 

CONCLUSIONS 
 

The first step of the present Master Thesis consisted in developing a model which could 

describe the behaviors of the two actors of the Supply Chain considered: the Shop and 

the Brand Owner. The model aims at describing how the two players act when it comes 

to defining the Target Level of stocks available for a purchase by the customers. The 

behavior of the two players has been described both in a single period context, in which 

the shop is allowed to issue only one order at the beginning of the season, and in a multi-

period context, in which the season is split in N parts and the shop can issue an order at 

the beginning of each one of these periods. A further development of the behavioral model 

allowed to understand how the actors manage the inventories in case of correlated demand 

in the multi-period. 

Once understood how the decisions about inventories are taken it has been investigated 

how the profit on the Supply Chain varies by splitting the season in more than one period 

and by splitting the season in 2 periods having different durations. 

Then, by using the model described in a single period context, the possibilities to align 

the decisions about the order quantity of the two actors to the one which maximizes the 

profit along the Supply Chain have been investigated. This result could be achieved 

through contracts which, in some cases, are able to fairly split the benefits of an 

optimization of the Supply Chain’s profit among the players involved in it. 

FINDINGS  
 

Modelling the behaviors of the actors involved in the Supply Chain 

In the cases considered in this thesis only two actors are considered: the Shop and the 

Brand Owner. Each one of these actors is supposed to have the aim of maximizing its 

own profit and the model describing the behavior of each of these two players basically 

shows how their decisions are taken. Independently from one another each actor can 
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calculate which is the order quantity, or better to say the level of stocks which allows to 

reach its maximum profit. 

The decision on the Target Level of stocks can be taken by considering the 

underestimation and overestimation costs. In other words, each player can calculate firstly 

which is the cost of underestimating the demand, which means losing the money that 

would be generate by the sale of one product if it would have been available and secondly 

the cost of overestimate the demand, that generates a loss given the fact that the stocks 

remaining at the end of the season should be sold at a discounted price. 

Given the fact that the two players have a different cost and revenue structure, also their 

decisions about the order quantity are different. 

This difference, in a context regulated by a Wholesale Price contract which does not 

consider a return policy or to share the profits, lead to different behaviors when it comes 

to define the stock level to keep. So, when the two actors act without considering one the 

other the decisions made lead to a sub-optimal decision. The profit maximized is not the 

one of the Supply Chain but the one of the Shop or the one of the Brand Owner. 

Opportunistic decisions rarely lead to the optimization on the overall environment, which 

means the Supply Chain, so that the loss generated is equal to the opportunity cost. A 

certain amount of possible profit along the Supply Chain is lost. 

The two actors are able to define the optimal order quantity both in a single period context 

and in a multiperiod one. Always taking into consideration that the overestimation costs 

vary from period to period. As a matter of fact, the underestimation cost never changes, 

and it remains equal to the opportunity cost of not selling a unit at full price. Also, the 

overestimation costs remain steady from the first period to the N-1 period, but they change 

in the last period (N). Indeed, from period one to period N-1 the overestimation cost is 

equal to the variable cost generated by keeping in stock an unsold piece for an additional 

time frame, in which it is extremely likely to sell that product as a FIFO logic is 

considered. In the last part of the season instead the overestimation cost is equal to the 

loss generated by selling a product at a discounted price. 

Yet the investigation cannot stop after having decided which is the optimal Target Level 

for a time frame, it is also interesting, and possible to understand which would be the 

optimal duration of each period. 
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Even though in the first part of the analysis the length of each part of the season has 

always the same duration, it is possible to understand which is the duration of each period 

which optimizes the profit. 

This analysis, viewed from the Shop perspective, basically means being able to keep an 

optimal level of stock, so the one that optimizes the profit, that could be seen as a 

constraint, and minimizing the other costs which, in the reference model, are the variable 

one associated to a single piece to be kept in stock for the entire season or a part of that 

one. 

Both the constraint of keeping the optimal level of stock and the variable cost con be put 

in a cost function to be minimized. The results, in a two-period context, show that it is 

possible to minimize these types of costs having a first part of the season which is shorter 

than the half of the season (9,3 weeks on 20 weeks). 

In general, to get this result in a N period context it is necessary to define a cost function 

of N-1 variable. These variables are the lengths of each of the N-1 periods and the last 

part of the season is just equal to the total length of the season minus the sum of the 

duration of the N-1 periods. 

A further step in the comprehension of the behavior of the two players consists in 

understanding how do they act when the demand in a multi-period context is correlated. 

The analysis conducted in a context in which the season is split in two parts, having the 

same length, demand mean and standard deviation, shows that Target Level of stocks 

kept in the second period is a function of the actual demand in the first part of the season. 

Therefore, the Target Level in the second period can be determined just at the end of the 

first one. The methodology that can be used to define the underestimation and 

overestimation costs does not change instead. 

Increasing the profit along the Supply Chain by splitting the season in N periods 

Once the behavior of the actors has been modelized, in particular once the order policy 

of the shop has been clear, a deeper analysis of the conducted on the Brand Owner costs 

structure shows that splitting the season in more than one part generates additional costs 

on the manufacturer side. 
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If the production campaign cannot be planned all along an entire season it is likely to be 

much more difficult, if not impossible to reach an optimal production planning. These 

additional costs can be a percentage of the variable costs linked to the production of one 

item in a multi-period context. 

By using the cost structure adopted the profit of the Supply Chain, passing from a one 

period context to a multiperiod one, actually grows until a certain point. When the number 

(N) of the parts in which the season is split become too high the inefficiency costs, coming 

from the manufacturer side, exceed the gain get by splitting the season in different 

periods, which means, in terms of costs, reducing the variable costs of the Shop and, in 

term of service level, to better follow the demand. 

More interesting than the increase of the profit is how the average order quantity changes. 

As a matter of facts, the order quantity in a single period context is lower that the demand, 

and this is due to the order quantity, while it is enough to split the season in two parts to 

let the average order quantity from the Shop assess on the average demand. Furtherly 

dividing the season in more periods does not let the order quantity increase, and the 

increased profit can be considered an effect of the reduction of the variable costs from the 

Shop side. 

Focus on the single period season: maximization of the profit along the Supply Chain 

by means of contracts 

Keeping the focus on a one period that covers the entire season is interesting instead to 

understand which is the Target Level which optimizes the profit along the Supply Chain 

to compare it with the Target Levels that optimize the profit of one of the two actors. 

When each actor sees only its own profit it become immediately clear a misalignment of 

the Target Levels to keep in stock, available for customers. The Shop wish to issue an 

order under the average demand (970 pieces). The Brand Owner instead, given the fact 

that its profit without considering a reorder policy is generated by the sales to the Shop 

(B2B context) its goal consists in selling as much products as possible to the Shops.  

Considering the Supply Chain cost and revenue structure instead, the Target Level of 

stocks to make available for the customers is significantly higher than the average demand 

of the season (1132 pieces). This because the underestimation costs from the Supply 

Chain perspective are significantly higher. 
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Given the fact that the actors do not align themselves to this quantity when their decisions 

are taken just on the base of their own cost and revenue structure, it is possible to modify 

this structure, for both the two actors by means of contracts. This type of situation, which 

does not allow to reach a maximization of the profit along the Supply Chain, is regulated 

by the simplest contract which is named Wholesale price. 

Neither a Quantity Discount contract seems useful to align the Shop’s Target Level to the 

Supply Chain’s one. As a matter of fact, to make the Shop have the same underestimation 

and overestimation costs of the Supply Chain the quantity discount would lower the 

wholesale price to manufacturing cost. This means that the Brand Owner would have no 

profit by selling its product to the shops. Therefore, these conditions are not acceptable 

for the manufacturer. 

By leveraging on a return policy instead, and so adopting a Buyback contract, it is possible 

to introduce an ex post cash flow between the Shop and the Brand Owner which basically 

allow to align the overestimation cost of the Shop to the One of the Supply Chain. As a 

matter of fact, choosing the buyback price that makes the overestimation costs seen by 

the shop equal to the one of the Supply Chain firstly allow to maximize the profit along 

the Supply Chain and secondly seems to give the possibility to increase the profit of both 

the two players considered. This way the benefits, in terms of profit are already split 

among the actors. 

The ex post cash flow cited when the Buyback contract has been discussed is also present, 

in a different way, in another typology of contract, which is called Revenue Sharing. Also, 

this type of contract allows to make the cost structure of the Shop, in terms of 

underestimation and overestimation costs, comparable with the one of the Supply Chain 

and so make the Target Levels of the two actors be in line with the one of the Supply 

Chain. 

As the Revenue Sharing contract considers two types of leverages, a percentage of the 

Shop’s revenues given back to the Brand Owner and a quantity discount on the wholesale 

price, it is possible to find more than one combination of the two variables which allow 

to reach the underestimation and overestimation costs structure of the Supply Chain. Yet, 

not all this solution split in the same way the overall profit among the two players. This 
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means that among this set of solution must be chosen the one that makes this typology of 

contract acceptable for both the two actors involved in the Supply Chain. 

The Brand Image Damage 

Further complication of the model can introduce a long-term view by evaluating the side 

effect of some current choices in the far future. The Brand Image Damage is one of this 

side effects. 

As a matter of fact, even if from a short-term view selling the remaining stocks at a 

discounted price allows to reduce assets like inventories which have high obsolescence 

risk and improve a company’s P&L account, selling the remaining stocks, at the end of 

the season, at low price reduce the value of the brand equity.  

The practical consequences of this fact can be traduced in the loss of sales of future 

product in the long-run, as it is likely that a lower perceived value from the customer side 

will lead to some damage in the future revenues. 

If it is possible to give a value to the brand image damage in term of future lost sales, the 

Brand Owner will have interest in reducing the inventories in the shop available for the 

customer and this value can be calculated. 

By calculating the level of inventory which optimizes the profit along the Supply Chain 

it is possible to give an answer to the trade-off problems between the Shop and the Brand 

Owners will. It is also noticeable that the stocks inventory from the Supply Chain’s point 

of view significantly drops. 

THE LIMITS OF THE MODEL  
 

The actors in the model operates in a context of perfect rationality which is unlikely to 

happen in a reality context. Thinking to a small business, the impact of a bold decision 

can have strong consequences on the future of the business. This means that a statistical 

optimization of the profit is likely to be accepted by big organization which can mitigate 

the effects of the variability and so are more likely to take more rational decisions. 

In the model described the actors have complete information about the average demand 

and its standard deviation. In a real-world context an information completeness can be 
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hardly achieved especially for the small shops which do not have a person dedicated to 

the demand forecasting.  

Also, the cost structure of each actor sometimes is hard to be known, even by the actor 

itself. When the costs structure is complex a lot of attention should be payed to this topic, 

but small businesses like small shops hardly can do that. 

Overall from the shop side, especially for the small business, the decisions are hardly 

made on the base of a rigorous mathematical model, in a perfect rationality and having 

complete information about the demand and the allocation of costs. 

This limit has a weaker impact instead when it comes to considering the Brand Owners 

which are likely to have a structured organization and more resources. 

THE PATH FORWARD  
 

In the present Master Thesis has been assumed that the luxury fashion product demand 

can be described with a normal distribution. This is mainly due to the Central Limit 

Theorem and to common practice. Yet it is important to remark that this is an assumption. 

As a matter of fact, it is possible that the underling law that regulates the demand in such 

an environment could have a different shape than a Gaussian Bell.  

This issue needs deep analysis firstly to be aware that the demand is likely to have a 

normal distribution and whether this hypothesis does not hold possible further 

investigations can be performed to learn which is the actual statistical distribution. 

A hypothesis which can be made regards how the revenues of a luxury fashion firm, or a 

fashion firm in general, are composed. In this field an item which becomes a best seller 

in the industry can more than recover the losses generated by the other items which failed 

on the market.  

One more critical issue that would deserve more attention is the one about the perfect 

rationality that guides the decisions of the actors in the mathematical model presented. 

This hypothesis is a strong one because when it comes to sign a contract to find a way to 

split the profit not only rational consideration are made.  

An emotional component can be included in the mathematical model to understand the 

range of acceptable solutions for the two players. This is not only useful to choose one 
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solution among a set of possible ones, as it happens in the Revenue Sharing contract, but 

also to understand if it is possible for one player to impose the order quantity that 

maximizes its profit. It is clear that a Brand Owner if no return policy is present will try 

to force the shops to issue the biggest order possible. In this case some shops are likely to 

accept and others not. By estimating this percentage, it is possible to create another model 

which includes the action of the two players when the move away from a completely 

rational context. 

Another issue that should be tackled is the introduction of one more tier in the model. 

What happens when distributors are included in the model? Some investigations can be 

conducted by using once again the underestimation and overestimation costs model. Yet, 

including this typology of actors the cash flow consider would be more complex and the 

impact on the contract management is also strong. 

Overall a deeper investigation of the costs structure of both the shop and the Brand Owner 

would be really helpful to understand firstly which other costs should be included in the 

model and secondly which are the actual costs generated. Yet, many of these data, 

especially the one related to a single piece, seem unlikely to be disclosed by the 

enterprises. 
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