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Abstract 

Abstract 

This MSc thesis describes the development of a stock control model with store transfers for Fashion Brand, a customer 
of Vivacadena. The model has been incorporated in a software tool that simulates customer arrivals. The tooi measures 
the added value of the stock control model under different settings. 



Executive summary 

Executive summary 

Problem sketch and research assignment 
This master thesis project was conducted at consultancy bureau Vivacadena. Vivacadena is a strategie service provider 
for supply chain synchronization. Vivacadena's elient base includes a variety of leading concerns, active in various 
branches such as fashion, computer hardware, sports articles, household appliances and spare parts. 

In order to imprave the supply chains of its clients, Vivacadena focuses on enhancing the availability of products at 
end user level. Reducing overstock of articles is also an important aspect, because this reduces ca pi tal employed. 
To achleve this aim, Vivacadena uses self developed concepts that are based on the Theory of Constraints in its 
approach. One of these concepts includes a software package that indicates the number of units that have to be sent 
from the distribution centre to the actual points of sale. 

The study outlined in this report focussed on improving the intemal supply chain of one of its clients, namely Fashion 
Brand. Charaderistic of this company is that transferring was already part of its current operational management. 

The campany's main problem caused by the current methad of supplying is that certain stores are overstocked, while 
others are under stocked. The stores with under stock cannot be supplied from the central distribution centre as the 
units are unavailable there. The principle question in this case is whether to make up the shortfan in stock at stores by 
supplying them via the locations with excess stock. 

At the beginning of this project Vivacadena was still relatively inexperienced with transferring. Furthermore, exact 
knowledge for the execution of transferring was lacking. I was asked to develop a decision model to assist in making 
the right decision between accepting: 

• Nat being able to sell the product 
• The additional casts in relation to supplying stores from other stores (directly from the supplying store to the 

receiving store or from the supplying store back to the central DC and then to the receiving store) 

My research assignment could be defined as follows: 

Research assignment 

Develop a decision model I tree for transferring products in a situation of scarcity for Fashion Brand and predict the 
performances - with re gard to lost sales and transfer costs -of this model compared to a situation with no transfers. 

Approach to the study 
In my approach to the study I first made a primary analysis of the current distribution process using intemal 
interviews and data-analysis. A study was also made into transferring in various literature sources. 

Based on this initial analysis, a further analysis was made, which revealed a central distribution problem. A model in 
the literature was used to solve the central problem. However, in a practical sense several shortcomings were also 
revealed. 

Subsequently, the model was redeveloped to accommodate these lirnitations. This design was then tested in a 
simulation. This resulted in a sensitivity analysis, which indicates the added value of this model under several 
circumstances. 
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The conclusions and recommendations ultimately specified guidelines for further implementation. 

Analysis of the current distribution process 
Running a thorough scan of the current distribution process lead to the following general conclusion: 

• The distribution process in general fails to take the sales potential of a style-colour into account when 
allocating and the completeness of size bows is not maintained. 

The central problem has three intemal causes: 
• Too many products are allocated initially. 
• The replenishment process fails to take the urgency of the need for a certain product in a store into account. 
• The current transfer process is not responsive enough. Furthermore, the manual process brings additional 

problems. 

And one extemal cause: 
• It also appears that stores may have a varying level of sales potential for a particular style-colour due to the 

different circumstances and that without transferring size bows are becoming incomplete in the long term. 

The later implies the hypothesis that transferring will have a positive impact on results on a continuous basis. 

Failure to take the sales potenhal and completeness of size bows into account leads to extra costs as the number of lost 
sales rises. This also results in lower customer satisfaction. lt also leads to higher stocks of items in the entire supply 
chain. Both aspects are responsible for a lower Return On Investment (ROl). 

The first two intemal causes can be solved relatively simply, by the implementation of Vivacadena. Afterwards there 
will probably still be a certain potenhal for transfers due to the differences in sales potenhal and due the fact that size 
bows are becoming incomplete. The remaining value of this was the explicit subject of further research. 

The transfer decision model 
Based on the analysis, a concept was drawn up for product allocation. The model is divided into various phases. The 
concept is aimed at keeping a style-colour available as far as possible in a store. In the initial phases this applies to all 
the assigned stores. However, over the course of time stores are ' sacrificed' to ensure complete availability of the style
colours in other stores. 

This concept was translated to an operationallevel by means of a daily planning model and a daily execution model. 
The core of the planning model is linking orders with the highest need to stock with the lowest need. 

Simulation 
The entire planning and execution model was implemented into a simulation. This simwation recreated a situation 
that mirrors the actual situation of Fashion Brand. Customers visit a store because they are looking for an item in a 
certain colour, then they look for a suitable style. Once the colour and style in the customer' s size has been found, the 
sales transaction takes place. The unavailability of a size could generate a lost sale. 
The simulation also took the number of available styles into account. The flexibility of the customer was also 
simulated. 

The simwation gave the following results: 
• The simulation provided increased results of 5-15% under various scenarios. 
• Application of the presented transfer model has a greater effect with a higher initial allocation. 
• The improvements are higher when rustomers are becoming more choosey. 
• Due to the chosen customer behaviour model, 'responsive' parameters are providing the best result. 
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Condusion and recommendations 
The re-design generated a clear concept for the planning and execution of transfers. The various phases in the concept 
provide a clear basis for maintaining size bow completeness. The simulation showed that transfers have added value 
under various circumstances on a continuous basis. Therefore, it is recommended that an automatic transferprocessis 
being implemented. 

However, implementation of the system will not only affect the system of the organization. lt will affect the 
organization on all kind of aspects. For a successful implementation it is recommended that these factors are 
acknowledged. 
One of the key factors for obtaining good results is that process discipline is closely supervised. For example, stores are 
expected to return products, when ordered to do so. lt is crudal to monitor this process closely. 

The simulation models customer behaviour in a way that they will always browse for a product. When their first 
choice is not there, this can lead to a lost sale. This is a result of the focus on maintaining complete size bows. For 
future customers were this is less important the simwation could be extended to customers that enter a store with a 
specific item in mind. The added value under these circumstances is an interesting subject for future research. 

Results 
The decision model will generate not only positive effects in the supply chain systems but has positive impact in the 
entire organization. 

With the 7-S frameworkof Me Kinsey the consequences in the total organization were analyzed. The advantages I 
consequences can be described as follows. 

• System; the system will increase the number of sales and increase the inventory turns in the supply chain. 
Moreover, it gives better control over the stock positions in the store. 

• Strategy; the model creates a higher availability of products in stores, there were they are needed the most. This 
improves the quality and imago of Fashion Brand. 

• Structure; the functional relation between the store managers and the merchandisers will change. 
Merchandisers will get more control over the execution of transfers. 

• Skills; no significant changes are expected here 
• Style; The new system will change the way of directing and steering of some staff members. 
• Staf!; it is important that people are willing to work with the new system and policy 
• Shared values; the new model will force to cultivate new shared values to make the system succeed, like: 

o Process discipline 
o Cooperation 
o Focus on the optimization of the entire supply chain 

iv 
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Preface 

To conclude my studies at the faculty of Technology Management at the Technica! University of Eindhoven, with 
Organization Planning And Control (OP AC) as my specific specialisation, I completed an intemship at Vivacadena 
where I studied the value of transferring products. The study focussed specifically on one of its clients. 

This graduation project lasted from mid September 2006 until the end of June 2007. This report contains the results in 
the farm of conclusions and advice. 

I experienced the issues relating to the details of the intemship as challenging and problem solving. However, the 
theoretica! arguments required much effort and a certain degree of flexibility and creativity. 
My intemship gave me an opportunity to obtain insight into the logistic difficulties at one of Vivacadena's clients and 
how this problem was tackled using the Theory Of Constraints (TOC) . 1t also affered me a chance to imprave my 
knowledge of how a logistic consultancy actually operates. 

At Vivacadena I enjoyed a high level of personal freedom, while at the sametime the support and guidance required 
to complete the project successfully was also offered. The combination of these factors allowed me to work on a 
challenging project, where I was granted a great extent of independenee and responsibility. 1t was also pleasing to 
witness the practical value of the study. 

I would sincerely like to thank all those who helped me with this project for their contribution to my successful 
graduation. I would like to thank the following people in particular: 
Mr van Donselaar and Ms Kiesmüller fortheir productive criticism and support. Mr van Straten for his constructive 
discussions. Mr Huihers for his efforts during the joint development of the simulation, my parents for their guidance 
and my friends and girlfriend Joyce fortheir patience and assistance. 

In short, I can reflect on 6 successful years of study, which will hopefully farm a solid foundation for the rest of my 
career. 

Goof Peters 
Eindhoven, J une 2007 

V 



Contents 

Contents 

ABSTRACT ......................................................................................................................................................................................... ! 

EXECUTIVE SUMMARY ............................................................................................................................................................... 11 

PREFACE ........................................................................................................................................................................................... V 

CONTENTS .................................................................................................................................................................................... VI 

1 VIVACADENA ....................................................................................................................................................................... 1 

1.1 ÜRGANIZATION ........ .. ........ . ...... . ... . .. . ..... . ........... . ...... ... .. ....... ... .... .... ...... . ....... . ...... .... ...... .... ..... .... . ... .. ... .... ....... .. .... .. ... . ... . 1 
1.2 MARKET AND COMPETITIVE POSITION .. .. ... .. .. .. .. .. . .. .. ... .. .. ... .. .... .. ... .. ... ..... ... .. ..... ... .. ......... .. .... . ........ . .. ....... ....... .. .. .. . .. ..... .. 1 
1.3 PHILOSOPHY ... ... .. .. ..... ...... .. ...... ....... .. ......... .. .... ... ......... ... .... .. .. ........ . ... .... ........... ....... ........ .. ...... .. ... ....... ... .... .... .. .. .. ... .. ... .. 1 
1.4 M ETHODOLOGY ..... ... ..... . ... .. .......... ... .. ..... ..... .. .. ... .... .. ... ... .. .... ....... .. ..... .. .. ..... ... ... ... . ...... .............. . .... . ....... .. ... . .... .. ...... .. ... . . 2 
1.5 POSITION OF THIS PROJECT: TRANSFERRING AND THE RESPONSIVE SUPPL Y CHAIN .......... ........ ... ........ ..... ... .. .. .. ...... . .. .. . 4 

2 RESEARCH PROJECT ........................................................................................................................................................... 5 

2.1 INTRODUCTION .. ...... ........... .. ... ..... .. .... . .. .. ... ...... ..... .......... .... ..... ....... .. ..... .. . ... .. .... .. . .. ... .... .. ... .. ... ... .... .... . .. . ..... .... .. ...... ... ... .. 5 
2.2 RESEARCH ASSIGNMENT ... ... .. .. .. . .. .. ....... ............... .... .. ... .... .. ...... ... .... ... . ... .... .. .... .. ... .. . ... .. ... . ..... ...... . .. .. .. .. ...... .. ........... .. ..... 5 
2.3 SCOPE: F ASHION PRODUCTS .. ... .. .. ... .. .. .... ....... .. ........ ..... .. ... ....... .......... .. ............. ... .. .... .. .. . ....... ... ...... ... . ... ... ....... ... .. ..... .... . 6 
2.4 RESEARCH QUESTIONS AND RESEARCH MODEL .... .. .... . .. ....... .. ..... ... ...... ... ...... .. .. ....................... .. ...... . ..... .. ... .. ...... ...... .. .... 6 
2.5 PROJECT GOALS .... .. ....... .. .... . .. . .... ..... . .. ... ... .... ...... .. ...... ... .... ..... ......... ........ .. ... ...... ... .. .. .. . ... . ..... ... . .. ... .... ..... ... .... .. ... ..... . ... ... . 8 

3 CUSTOMER DESCRIPTION ............................................................................................................................................... 9 

3.1 ÜRGANISATION OF FASHION BRAND ... . ..... .. .. .... . ... .. .... .. ...... . .... .... . ........... .. ........... . .. ... ........ ........ . ....... .......... ...... .. .. . ....... 9 
3.2 PRODUCT STRUCTURE ... ..... .......... .... . ....... .... ... ............. . ... ........ .. .... . .. .. .... ... ... .. .. ... .... ....... .... .... . ................... ...... ... ... .... .. .... 9 
3.3 THE SUPPL Y CHAIN ...... . ....... ...... .... ... ..... ...... .. . .. .. .... ...... .. .... . ... ..... ... .... ... .. .. .. ... ... . ... ......... .... ... .. .. .... ... .. ....... .. .... ...... .... .. ... 11 
3.4 SALES PROCESS ... .. .. ... .. .. ... ... ... ..... ... . ........ .... ........ ...... . .. .. .. .. .. ............. .... . .... ..... .. .. .... ...... .. .... ... .. .. .. ... ... ... . ... ... ... .. . .... .. ... . ... 12 
3.5 SALES CHARACTERISTICS ..... .. ..... ... . ..... .... ... .. .. .. ... ... .... ... . .... .. ... ......... .... . .... .. .. . ... .. .... .. .... ... ...... ... .. ....... .. .. . ... ... . ...... ... .. .. .. . 12 
3.6 APPEALING CONDITIONS FOR TRANSFERS ....... .. .... ... ......... ......... .. .. . ... ..... .. ... .. ... ... . .. .. .. ... .. .. .... ... ... .. ..... .. .. .. .. ...... ...... ... ... . 13 

3.7 SUMMARY ··· ········ ·· · ········ ··· ··· ··········· ·· ······ ··· · ···· ·· ······· ···· ·· ···· ··· ··· ····· ·· ······· ·· ·· ··· ······ ··· ·· ·· ·· ··· ·· ······ ·· ·· ··· ··· ·· ··· ·· ····· ··· · ···· ··· ·· ·· ·· · 13 

4 PROBLEM ANAL YSIS ........................................................................................................................................................ 14 

4.1 lNTRODUCTION .... ..... ... .... ... .... .... ........ ... .. ....... ........... ............. . ............. ... .... . .... .. ... .. .... . ....... .... .. ...... . ........ . .. .. ....... .. ... .. ... 14 
4.2 THE PROBLEM: "BAD ALLOCATION" ..... ....... . ..... .... ... ... ....... .. .. .. .. ...... ... .. ..... ... .. .... ... .. . .......... . ......... ......... .. .. .. ....... ..... ..... 14 
4.3 MAIN CAUSES FOR "BAD ALLOCATION" .... ........... .. ... ..... . ..... ... ........ ... .... ..... ....... .. .. .. .......... .. ................ .. ..... .... .. .. .... .... .. 15 
4.4 SCOPE FOR IMPROYEMENT ... .. .... ... .. ....... ... ........ .. .... .............. . ..... .. .. .... ..... .. ......... .. ...... .... .. ..... .. .. ........ .. ..... .... .. .. .. ....... .. ... 18 
4.5 DESIGN CONDITIONS .. ... .. ........ ... ... ... ............... . ...... ...... ... ... ...... . ... .. .... . .. .. ......... . .. .. .. . .... .. .. ..... ...... ...... .. ....... ... ..... .... ... .. ... 18 
4.6 SUMMARY .. ... ......... ........ . .. .... .. . .... . .... . .. .. ..... ....... .. .. .... .. ... ..... .. .. ..... ... ... .. .... ..... . .. ...... ... .. ...... ... .. ... .... .. ... .. ..... .. ..... .... ... ....... 19 

5 THEORETICAL AND BUSINESS INPUT FOR MODEL DEVELOPMENT ............................................................. 20 

5.1 PuRPOSE AND SELECTION OF THEORETICAL MODEL .... ... .. . .. .. ..... .... .. ... .. .. ... ...... ...... .. . ... .. ..... .. . .... .. .. .. ... ........ ..... .. ....... .. . 20 
5.2 DEMAND CHARACTERISTICS .... .. ..... .. ........... . .. ... .. ......... .. .. ... .. .. .. ... ... .... .. ..... .... ...... ..... .. .... . ... ....... . ....... .. ..... .. ... ... . .. ..... .. ... 21 
5.3 EXPLANATION OF THEORETICAL MODEL OF ALLEN ........ ......... ..... ...... . .. . .. ........ . ...... .. ........ . .. . .. .. ... .. ...... . .... ... .... ... . ........ 23 
5.4 PRACTICAL LIMIT A TI ONS TO THE THEORETICAL MODEL OF ALLEN ...... . .... .................. ... .. ... ... .. .. .... .. ... .. ....... .. .. .. .......... 25 
5.5 BUSINESS INPUT FOR MODEL DEVELOPMENT .. .. . ... ......... ......... ................. .... .. .... .. .. .... .. ..... . ... .... .. ......... ... .. .. ....... ....... ... .. 26 

5.6 SUMMARY ··· ·· · ····· ·· · ······· ····· ···· ·· ·· ····· ··· ·· ···· ·· · ··· ··· ···· · ··· · ······· ·· ······· ··· ···· ·· ····· ·· ······· ·· ··· ···· ·· ··· ·· ···· · ·· ·· ··· ···· ······ · ··· · ··· ···· ····· ······· 29 

vi 



Contents 

6 THE REDESIGN ................................................................................................................................................................... 30 

6.1 THE REDESIGN CONCEPT: PHASES OF A STYLE-COLOUR ................................................................................................. 30 

6.2 THE DAILY PLANNING PROCEDURE ......... .................. ....... ..................................................... .......... ............................... 31 

6.3 ALGORITHM FOR TAKING OUT A COMPLETE STYLE-COLOUR .................................. .. .......... .. .... .. ................................... 34 

6.4 THE DAIL Y EXECUTION PROCEDURE .......... ..... ........................................... ... .......... .... .. .. .. .. ............................................ 35 

6.5 SUMMARY ...................................... . ..................................................... ... .. .................. . .................... ... ..... . ...................... 36 

7 SIMULATION ....................................................................................................................................................................... 37 

7.1 SIMULATION OBJECTIVE ........................ .. .... .. .... ... ..................... . ............................................ ... ....... . .............................. 37 

7.2 THE SIMULATION MODEL. ............................................... ..... .. ... ... .. .... . ............................................................................ 37 

7.3 SIMULATION SCENARIOS ... ............. .. ..................... .. .... ...................... . ....... ....... .. ... .. .............. .. ....................................... 41 

7.4 RESULTS .......... ... .. .. ................... .. ....................... . ................................................................... .. ....................................... 44 

7.5 DISCUSSION: VERIFICATION AND VALIDATION ................................................................................................ .... .... .. ... 46 

7.6 SUMMARY ........ .. ... ............ ..................... .. ....... .............. ....... .... ........... ........ .. ........ .... ...... .. .. ... ..................... .... .............. .. 47 

8 CONCLUSIONS AND RECOMMENDA TI ONS ........................................................................................................... 48 

8.1 CONCLUSIONS .... ....... .. ....... ...... ........................................... .. ... .. ... .. .. ......... .... ..... ............................ . ........ ... ............... . .... 48 

8.2 RECOMMENDA TI ONS FOR F ASHION BRAND ....... .... ....... ...................................................... . .... .... ... .. .. ..... .. ................... 49 

8.3 RECOMMENDATIONS FOR VIVACADENA .................................................................... .............. ..................................... 50 

8.4 RECOMMENDATIONS FOR FURTHER RESEARCH ............................................................................................................. 51 

BIBLIOGRAPHY ......................................................................................................................................................................... XIII 

LIST OF DEFINITIONS .............................................................................................................................................................. XV 

LIST OF VARIABLES ............................................................................................................................................................... XVII 

APPENDICES ............................................................................................................................................................................ XVIII 

APPENDIX A: THE (R, S) - SYSTEM ................................................................................................................... . ..... ........... ........ XVIII 

APPENDIX B: DECISION TREE ...... ..................... .. ..... .... . .. ..... ...... ....... ... ............ .... ...... ... .... . ... ....... .................................................. XIX 

APPENDIX C: STORE OVERVIEW ................................................................................................... .. ............................................... XX 

APPENDIX D: AGGREGA TED # OF SALES PER DA Y OVER ALL STORES .. .. ........ .... .. .. .. ...... .. ........ ........................................ ...... .. .... XXI 

APPENDIX E: DEMAND DISTRIBUTION ................. ... ...... ..... ........... ... ........... .. ......... .. ...... . ... .. ... ... ... ... .. ............... ....... ... ... ... .. ...... .. XXII 

APPENDIX F: STATIONARY DEMAND ............................................ ....... ...................................................................................... XXIII 

APPENDIX G: EXAMPLE OF "BAD ALLOCATION" (STYLE 'MUL') .................. ........ ........................................................ .... ......... XXVI 

APPENDIX H: THE LEAD TIME OF TRANSFERRING A PRODUCT OVER THE DC .......................................................................... XXVI 

APPENDIX H: THE LEAD TIME OF TRANSFERRING A PRODUCT OVER THE DC ........................................................................ XXVII 

APPENDIX 1: SALES PERCENTAGE PER SIZE PER STORE (BRAS) ........................................... .... .... .................................... ........ . XXVIII 

APPENDIX J: SALES PERCENTAGE PER COLOUR PER STORE ........................................................................................................ XXIX 

vii 



Vivacadena 

1 Vivacadena 

1.1 Organization 

The project is carried out on behalf of Vivacadena. Vivacadena is a strategie service provider for supply chain 
synchronization and was founded in 2000. There are 10 people working for Vivacadena in Amersfoort, the 
Netherlands and about another 20 in Mumbai, India. Figure 1.1 depiets the organizational structure of Vivacadena. 
The project is carried out in corporation with the competence centre. 

Vivacadena 

Figure 1.1: Organizational chart Vivacadena B.V. 

1.2 Market and competitive position 

Currently, Vivacadena delivers her services to 8 companies in 25 countries. It monitors and controls the stock of more 
than 500 locations (including 10 distribution centres). Customers operate in a broad range of sectors including fast 
moving consumer goods, fashion, sport articles, home appliances, spare parts and computer hardware. Competition is 
strong because many companies operate in the same field as Vivacadena. Vivacadena has to compete with very small 
specialized competitors, but also with multi billion dollar companies. Vivacadena positions itself by her unique 
philosophy and methodology. 

1.3 Philosophy 

In their consultancy work they apply the theory of constraints (TOC) on distribution. The theory of constraints is 
widely spread in production environments but is relatively new in (retail) distribution. Eli Goldratt is the founder of 
TOC and heisalso a commissioner at Vivacadena. There is much to readabout TOC (E.M. Goldrattand J. Cox (13]; 
E.M. Goldratt et al. (14]) but in brief the philosophy behind TOC is to find the constraint that holds the company from 
generating more profit TOC deals with this constraint and the approach consists of five focussing steps: 

1. Identify the constraint 
2. Exploit the constraint 
3. Subordinate all other processes to the constraint 
4. Elevate the constraint 
5. Rinse and repeat 

Figure 1.2: Five focussing steps of TCX:: 
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1.4 Methodology 

The responsive supply chain 

Vivacadena increases the profitability of rustomers by leveraging the responsiveness of their supply chain. This is 
done by increasing the availability of products at the end-consumer level (which reduces lost sales) and by reducing 
unnecessary high inventories (which decreases capita! employed). Especially, resolving the first constraint (the 
unavailability of productsin a store) augments the profitability of supply chains. 

Software 

It is common that in a supply chain more than 1.000.000 inventory positions need to be monitored. This needs be done 
automatically. Therefore, Vivacadena creates a link between her application and its rustomers' IT system. In this way 
Vivacadena has detailed information of its rustomers' individual stock keeping units (SKUs) and their daily sales 
transactions. The Dynamic Buffer Management (DBM) of Vivacadena allocates the inventory among the stores and 
sends picking orders to Distribution Centres. 

The five building blocks of the responsive supply chain 

Vivacadena's salution consistsof five building blocks. The five building blocks enable rustomers to react faster on true 
demand at the end-consumer level. The building blocks are presented in Figure 1.3. The starting block is to aggregate 
stock higher into the supply chain. 
Leveraging inventory to a higher echelon results in an increased flexibility of allocating products; in this way products 
are allocated to places with the highest probability of selling. The above can also be described as a pull strategy 
(Bertrand et al. [9)1). 
Moreover, aggregating stock leads to a higher predictability of demand, because the variabon of demand becomes 
lower on a higher echelon. In addition, Vivacadena also opposes minimum order quantities, because these will create 
fluctuations in supply (oscillation). 
Furthermore, Vivacadena reduces lead times by delivering more frequently. These two blocks (eliminating oscillation 
and reducing lead times) also ensure an increased responsiveness to the actual demand at the end-consumer level. 

The dynamic buffer management (DBM) supports the exerution of Vivacadena's strategy. The DBM is an Periadie
Review Order-Up-Ta-Level (R,S)-system2• Vivacadena aims at minimizing the review period R, therefore a review 
period of one day can become common. The Order-Up-Ta-Level Sis adjusted over time to the actual demand. The 
amount of units that needs to be ordered to get the on-hand stock of a product up to S is called the Suggested Order 
Quantity (SOQ). 

The DBM consists of 4 levels. S is the inventory target level. Everything above S is called economie over stock. The level 
just below S is called economie under stock. Below this level, there is a level that is called the stabie buffer state and finally 
there is the lowest level, which is called technica[ under stock. The three lowest levels are all 1/3 of the inventory target 
level. The four levels are depicted in figure 1.4. 

1 Bertrand et al. [9) page 189 
2 See appendix A and Silver et al. [30) fora more elaborated explanation about (R,S)-systems. 
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The inventory target level is decreased by 1/3 when the on-hand stock (stock that is physically in the store) is in the 
economie under stock level for x consecutive days. In general, Vivacadena takes for x the order lead time. The inventory 
target level is increased by 1/3 when the on-hand stock is still in the lowest level after x days. The automatic adjustment 
of the inventory target level based upon the actual demand and supply performance makes the inventory system 
dynamic. 

Figure 1.3: Vivacadena's five building blocks fora responsive 
supply chain 

s 

2/3 s 

1/3 s 

0 

Figure 1.4: the four inventory levels in the DBM 

Vivacadena has two integrated measurements for triggering actionsof the user. Both measurements are focused on 
generating cash. The relation between the two metrics and the return on investment (ROl) is depicted in Table 1.1. ROl 
is used to measure the performance of the supply chain. 

The two measurements are inventory value days (IVD) and throughput value days (TVD). The DBM generates for a 
product on a specific location IVD, when the on-hand stock is in the highest level (economie over stock). IVD is then 
calculated by the number of items above the inventory target level, times their value, times the number of days that 
there is too much inventory. 
TVD is calculated in the same way but is used for shortages. When the on hand stock is below the lowest level, the 
DBM calculates how much the on-hand stock is below the lowest level, times the value of the product, times the 
number of days they are below the lowest level. 
lt is clear that products on places with the highest amount of TVD need the most attention, because here the risk of lost 
sales (the product is unavailable fora specific time) is the highest. And, lostsaleshave the most significant impact on 
the ROL Consequently, reducing TVD and IVD makes a supply chain more profitable. Hence, these measurements 
provide added value to a supply chain. 

Metrics Matrix 
Strategie objective Strategie focus 

Throughput- Operating expenses 
ROl up ROl= 

Inventory 

ROl related objective Operational focus Tactical focus 

Throughputup TVDdown ________. Lost sales down 
Operating expenses down None ________. OE in % of Throughput up 

Inventory down NDDown ________. Inventory Turn up 

Table 1.1: The relationship between ROl, IVD and TVD 
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1.5 Position of this project: Transferring and the responsive supply chain 

The re-allocation of a product from one store to another is called a transfer3. Transferring products is part of the 
concept of a responsive supply chain, because transfers can support the idea of preventing lost sales and reducing over 
stock situations (the supplying store has a surplus and the receiving store has a shortage). However, in most cases 
transfers bring additional costs compared to deliveries from the OC. Therefore, a transfer will only happen in a 
situation when the oe is out of stock. In a situation where the Oe has no stock we speak about a situation of scarcity. 
Of course, the operational expenses of transfers have to be a percentage of the increase in throughput (see also Table 
1.1). 
Finally, there are two methods of transferring; a store transfer and a oe transfer. In the first case a product is directly 
sent from the supplying store to the receiving one, while in the later case products are first retumed to the oe and then 
sent to the receiving store. 

3 Or as Tagaras [31] calls it: "redistribution of stock frorn retailers with stock on hand to retailers that cannot meet custorners' dernands or to retailers 
that expect significant losses due to high risk." 
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2 Research proj eet 

2.1 Introduetion 

In the first chapter it is described how Vivacadena increases the responsiveness of the supply chain of her customers. 
Part of this is transferring productsin a situation of scarcity. 

Momentarily however, transferring products has never been implemented and the added value of transferring 
products has never been tested. There are two main reasons for this: 

1. High transportation costs. 
2. The absence of distribution centers equipped for redistribution. 

Validating the extra value of transfers is difficult and therefore companies are unwilling to make extra costs for 
transfers. However, currently Vivacadena acquired a customer (Fashion Brand) with relatively low transfer costs, a 
suitable DC and an IT system that supports transfers. 

This provided the opportunity to implement a framework for transfers and to measure its performance. Furthermore, 
Fashion Brand can serve as a case for showing the added value of transfers. This can for instanee persuade other 
rustomers to introduce transfers as well. 

This chapter will first formulate the research assignment. Then, the focus of the research project will be described. And 
finally, the research model will be defined. 

2.2 Research assignment 

The research will be conducted for a customer of Vivacadena; Fashion Brand. Fashion Brand is a retailer specialized in 
selling exdusive lingerie. It is Vivacadena' s task to improve the supply chain performance of Fashion Brand. 

To accomplish this Vivacadena has developed a structured method depicted by a decision tree. The decision tree can 
be found in appendix B. The decision tree shows some fields that are not completely elaborated. These fields are 
illustrated with a green colour. One of these fields is the reallocation decision tree. One needs to have more insight 
about the execution of transfers, because transferring is important in the operational activities of Fashion Brand. This 
can be summarized by the following problem definition. 

Problem definition 

Vivacadena assumes that transferring products will increase the profitability of supply chains. However, the exact execution 
(when, how much, where from and where to) is unclear. Additionally, one has nat a case that proves the added value of 
transfers. 

In collaboration with Jos van Straten, director competence centre, the following assignment has been formulated: 

Research assignment 

Develop a decision model I tree for transferring products in a situation of scarcity for Fashion Brand and predict the 
performances- with regard to lost sales and transfer casts- of this model compared toa situation with na transfers. 
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2.3 Scope: Fashion products 

Vivacadena distinguishes products in never out of stock (NOS) products and fashion products. NOS products 
correspond to basic goods of Nuttle et al. [27]. While fashion products correspond with seasonal and fashion goods. 
NOS products are produced for more than 1 season and can be purchased and ordered during the season. Fashion 

products are only produced for 1 season and are only purchased once (mostly 6 months in advance). 

Fashion Brand handles the distribution of NOS items quite well. There is no significant under stock or over stock. 
Moreover, in a well organized supply chain the need for transferring NOS items is considerable less than for fashion 
items. After all, NOS items are replenished in the Distribution Centre (DC) during the season. Therefore, these 
products should always be available in the DC. Conclusively, NOS items should not become scarce and do not need 
transfers. Therefore, these items are not considered in the research project. As a result of this the research will be 

focussed on transferring fashion products. 

2.4 Research questions and research model 

Research model and phases 
The research model is based upon Verschuren and Doorewaard [32] and is depicted in Figure 2.1. Additionally, the 
project has been divided into 6 phases according to Kempen and the Keizer [20]. The report structure is also depicted 
in Figure 2.1. Each chapter corresponds to one of the phases of Kempen and de Keizer. Moreover, for each phase 
several research questions are formulated. 

The project will first show an exploratory character by means of an orientation. This comprehends among other things 
in a literature survey and an introduetion to the practices of Vivacadena. Furthermore, information with regard to 
Fashion Brand is gathered through intemal interviews with Vivacadena and extemal interviews with Fashion Brand. 

After that, an analysis and diagnosis are made. This results in a gap between the preferred situation and the current 
one. Literature is examined in order to solve the gap. The literature is confronted with practice. The result of the 
confrontation will provide the input for a redesign for transfers for Fashion Brand. 

Eventually, the added value of the redesign for transfers will be exarnined by means of a simulation. Finally, 
conclusions and recommendations for the implementation and execution of transfers at Fashion Brand are given. 

Report structure 
Chapter 3: Analysis Fashion Brand: 
This chapter will describe Fashion Brand and will give a number of important definitions and characteristics. 

Chapter 4: Problem analysis: 
Here, the central problem of Fashion Brand is analyzed in detail. 

Chapter 5: Theoretica[ and business input for model development. 
Here, the theoretica! basis for the redesign will be discussed. The theoretica! input is confronted with input from the 
business. Decisions regarding the redesign are then considered. 

Chapter 6: The redesign: 
Here, the transfer model is explained. 

Chapter 7: Simulation model: 
A simwation will provide an estimate of the added value of the transfer model and will provide an advice to Fashion 
Brand for the settings of the redesign. 

Chapter 8: Condusion and recommendations: The report ends with conclusions regarding the transfer model. 
Furthermore, recommendations regarding the implementation of the model and further research are discussed. 
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Figure 2.1: Research model (based upon Verschuren and Doorewaard [32) and Kernpen and de Keizer [20]) 

Research questions per phase 

1. The orientation phase: 
• How does the demand processof fashion items for Fashion Brand look like? 
• What is the probability that a product is being sold duringa fixed period? 
• How does the current distribution network look like? 
• What is known in the literature about transferring fashion products? 

2. The analysis phase: 
• What is important for stimulating sales for Fashion Brand? 
• What are the costs of a transfer? 
• How do the current distribution and transfer processes perform? 
• Which possibilities are there for applying transfers, consiclering the demand process, the current 

distribution network and the literature? 
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3. The diagnosis phase: 
• Is there a gap between the preferred situation and the current situation? 
• What is the discrepancy between theory and practice? 

4. The design phase: 
• How does the chosen salution direction look like? 
• How can one decide which product needs to be transferred? 
• How aften does one have to examine if productsneed to be transferred? 

5. The implementation phase: 
• What is the added value of the design? 
• Which factors have to be taken into account for a successful implementation and use of the chosen 

solution? 
• How can one determine which salution direction will generate the best result to the bottorn line? 

6. The evaluation phase: 
• Are there points for further research? 

2.5 Project goals 

The research needs to deliver the following results: 

1. A decision model for transfers. 
A model that assigns products that have to be transferred. This system will determine when, how 
much, where from and where to productsneed to be transferred. 

2. The added value and casts of transfers for Fashion Brand 
The decision model needs to provide extra value for the customer. Therefore, it is necessary to 
determine whether implementation of the decision model and hence transferring is valuable or nat. 

3. An implementation plan. 
Here, recommendations for the implementation of transfers at Fashion Brand need to be given. 
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3 Customer description 

In this chapter the main characteristics of Fashion Brand are outlined. The chapter serves for understanding the 
context of the problem. First the organisation is described (paragraph 3.1), then the product structure (paragraph 3.2), 
its supply chain (paragraph 3.3), the sales process (paragraph 3.4), the sales charaderistics (paragraph 3.5) and 
eventually this chapter finishes with some appealing points for transfers (paragraph 3.6) and with a brief summary 

(paragraph 3.7). 

3.1 Organisation of Fashion Brand 

The organizational structure of Fashion Brand is depicted by Figure 3.1. There are two managers with a dominant role 
in the organisation. These are the CEO and the vice director. Bothare responsible fora number of departments and 
play an important role in the strategy of Fashion Brand. According to the typology of Mintzberg [24] one can speak 

about a typical entrepreneurial organisation, where direct supervision is the leading coordinating mechanism. The 
merchandising department is responsible for the distribution of products among the DC and the stores. 
This research project is especially focussed on the distribution centre, the merchandisers and the store managers. 

CEO 

Fashion Brand 

Vice Director 

Figure 3.1: Organizational chart Fashion Brand . 

3.2 Product strodure 

The first distinction in the product structure of Fashion Brand is (as mentioned in chapter 2) between NOS products 
and Jashion products. Fashion products are only bought once by an extemal supplier, while NOS products can be 
bought more than once. So, for NOS items the inventory in the DC can be replenished. 

Fashion products with the same design are categorized into groups. These groups are called styles. For instance: a line 

of bras with the same pattem is called a style. 

A new collection of fashion products is introduced twice a year; one collection for the spring I summer and one 
coneetion for the autumn I winter. Such a collection of products is called a season. Thus, each style belongs to a 
particular season. 
Furthermore, a style also belongs toa specific product group; for instanee bathing gear or ladies under wear. Figure 3.2 
shows the number of units sold for the 8 product groups over the period from 1-1-2005 until 8-9-2005 of the spring I 
summer season of 2005. One can see that ladies underwear (dessous) is the most important product group. 
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Moreover, it is possible to subdivide a style into several style-colours. This is a whole line of bras with the same pattem 
and colour; for instanee a range of bras (a style) is sold in the colours black and blue (two style-colours). Additionally, a 
style-colour can consist of multiple sizes. For instance, a bra is available in the sizes 275, 280, 285, 375, 380 and 385. A 
specific product of a style with colour x and size y is called in this context a stock keeping unit or a SKU. This is a unique 
entity. There are maybe 100 units spread over the supply chain of one specific SKU. The term SKU-location is used to 
indicate that a SKU is allocated to a specific store. 
Finally, style-colours are related with each other. For instanee a slip or a string corresponds to a specific bra because 
they have the samepattem and colour. This is called a set. The complete product structure is depicted in figure 3.3. 

120.000 

100.000 

80.000 

" ö . . 
·" § 60.000 

ö .. 
40.000 

20.000 

Figure 3.2: Product groups Fashion Brand. Figure 3.3: Product structure Fashion Brand. 

It is very important that sets are kept together, because it is difficult to sell a specific bra without the corresponding 
slip. Figure 3.4 shows an example of 3 styles. In this case each style consists of 2 style-colours (blue and red) and each 
style-colour has three sizes. Hence, the figure shows in total 18 different SKUs. The blue bra with size 275 can make a 
set with every slip or string from the blue colour, so here there are 6 possible sets. Thus, in total the blue colour has 18 
possible sets. For Fashion Brand it is important that rustomers can make the set they want. It is very likely that a 
customer willlook for a specific product elsewhere, when she cannot make the combination she wants. Therefore, it is 
important that a store holds a complete size bow (all available sizes) of a specific style-colour. 
In this way lost sales are decreased and rustomer service is increased because what the rustomers see is available in 
their size. Fashion Brand also communicates this by: 'your size is our strength' . Interviews with experts from the field 
have confirmed this view. 

S~l~ Style"- Styft\ '] rf\, tà ç'\ n 
colour 275 375 475 colour \,275 P · "'375 k.!z ~ 475 /, iJ 

/ '·. )'"' \ 
f'·, r-.·1 

Bras 

(_~x~_.) (.~x~/) l\,_.x ___ ;; 
Style 

Style-~ ;~ 
fE· ~ ?\, Style-

~ ~ ~ Slips colour~~/ ~Î 
colour 

~'fi' 
. 

. 

~''j 
Style- e:;-=) \V ~=:; 

Style-

~ ~ t:;? l String colour .:.._ L colour 
-n/ . v . 
u 

Figure 3.4: Example of 3 styles 
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3.3 The supply chain 

Figure 3.5 represents the supply chain of Fashion Brand. There is one distribution centre; from here Fashion Brand 
replenishes her 72 stores (including 1 outlet store and 1 factory store). Products are purchased from an extemal 
supplier. lt takes about 6 months before ordered products are delivered. Fashion Brand replenishes all her stores by 
post except one. 

Fashion Brand classifies her stores in 7 categories; 1 A++ store, 2 A+ stores, 6 Al stores, 4 A2 stores, 13 Bl stores, 15 B2 
stores and 30 C stores. The classification is based on annual tumover. 

The classification is used for the size of the first allocation of a style to the stores. When a new style arrives in the DC 
from an extemal supplier, it is allocated among the stores by the merchandisers. The A++ store receives more units per 
SKU, than for instanee a C store. The distribution of products over the stores is based on the experience of the 
merchandisers. About 10 till 20% of a style stays in the DC for replenishing the stores. Figure 3.6 shows an example of 
the number of units allocated per SKU toeach store and the number of units that is kept in the DC. 

Additionally, the classification is also used for the number of replenishments per week. C stores are only replenished 
on Wednesday and Friday, while the A++ store is replenished on almost every day during the week (see figure 3.5 for 
the number of replenishments for each store class). When a C store sells a product on Saturday, it will be picked and 
sent to the store on Wednesday and it becomes available in the store on Thursday. 

6 months 
order lead 

time 

~Tue, 
Thu, Fri 

Figure 3.5: Distribution network Fashion 

Stores Sizes 

Class # 375 380 385 475 480 485 575 580 585 

A++ 1 3 3 1 6 6 3 5 3 1 

A+ 2 3 2 1 4 4 3 4 3 1 

Al 6 2 1 1 2 2 2 2 2 1 

A2 4 2 1 1 2 2 2 2 2 1 

Bl 13 1 1 1 2 2 1 2 1 1 

B2 15 1 1 1 2 2 1 1 1 1 

c 30 1 1 1 2 1 1 1 1 1 

I Total stores I I 84 I 78 I 70 1 137 1 126 1 84 
1

114 I 84 I 70 

oe I I 21 I 22 I 5 I 43 I 39 I 16 I 31 I 26 I 5 

Total I 1 105 1 95 I 75 1 180 1 165 1 100 1 145 luo 1 75 

Figure 3.6: Allocation example. 

The replenishment strategy of Fashion Brand can also be defined as a Periodic Review, Order-Up-To-Level (R, S)
system. Here, the Order-Up-To-Level Sis set during the initial allocation by the merchandisers. So, larger stores have a 
higher order up-to-level. The period review parameter R depends on the number of potenhal replenishments per 
week. So, larger stores have a smaller periodic review parameter. 

Additionally each store has a unique number and orders are picked in an ascending order. So, stores with a low 
number will receive a product before a store with a high number. An exception is made for the A++ store; this store 
(store 54) is set on top of the list and orders for this store are always picked first. A complete overview of all stores can 
be found in appendix C. 
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Finally, stores are able to send products back to the oe and to other stores by post. The costs of sending such a box 
with products are 8,50 euro. One box has enough capacity for a least a complete style-colour and its maximum weight 
is 30 kg. eurrently, stores are sending products directly to each other when a customer requests a product that is not 
on hand. These transfers are called back orders or emergency transfers4 • 

Redistribution to the oe happens after a couple of weeks (8-10). Redistribution can be seen as a pro-active transfer5, 

which means that demand is not there yet. The decision to redistribute a style or style-colour is at the moment a 
manual process based upon the experience of the merchandisers. The manual decision process is supported by Futura, 
the ERP-system of Fashion Brand. Based upon the information provided by Futura, decisions are made to take out 
entire style-colours from specific stores. When the decisions are made, paper based instructions are sent to the selected 
stores by postand their Order-Up-To-Levels are set to 0. It is very clear that this process costs a lot of effort and that 
the manual process will cause transfer mistakes and inconsistencies. This will be discussed in more detail in chapter 4. 

3.4 Sales process 

As mentioned before a new collection of fashion products (a new season) is introduced twice a year. The introduetion 
of a new season happens gradually. A whole season is not introduced in the store at once. From the first of January, 
almost every month a number of styles is introduced. 

Fashion Brand has a very cyclical sales process. There are the two sales periods; one in June and July and one in 
January. Additionally there are 2 yearly promotionsin the beginning of August and at the end of January (3 for the 
price of 2). Outing these periods the number of salesper day is almost twice as high as in the 'normal' months. So, 
rustomers are very price sensitive. 

Older seasons are mostly sold during these periods at a strong discount. Ouring the normal months, when products 
are sold for the standard price, they are kept in the backroom. A graph of the sales per day can be found in appendix 
0 . Finally, in the summer months Fashion Brand also sells bathing gear. This also increases the number of units sold 
per day in June and July. As mentioned before products have to be bought and ordered 6 months in advance. This is 
also depicted in figure 3.7. 

R r~J EJ EJEJG0B 

3.5 Sales charaderistics 

Oearance 
Sales summer 

Figure 3.7: Sales process 

~l ~l R 

The pie chart shows the number of items sold from 1-1-2005 until 8-9-2005. About 33 % of the products are NOS 
products and 67 % are fashion products. Older seasons are still responsible for a significant number of sales. Products 
introduced during and before spring 2004 (Rest, spring 2003, autumn 2003 and spring 2004) still account for about a 
quarter of the total sales. These seasons were mainly sold during the sales period. 

4 Emergency transfers in this context differ slightly from the emergency lateral transshipments of Lee [22) . Lee [22) mandates emergency 
redistribution from a retailer with ample stocktoa retailer with a stock out, while in this case redistribution does nothappen in case of a stock out 
but in case when demand is actually there. 
5 Defined by Tagaras [31) as redistributing stock between retailers that anticipate stock out before the realization of customer demands. 
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Total revenue Totalsales •• ·i 

67 % 67% 

>=€ 28480 >= 353 units 

25 % 25 % 

f 28391 - f 8603 120 units 

8 % 8 % 

< = 8575 <= 119 units 

Table 3.1: Pareto analysis 

The number of sales per style differs a lot. Table 3.1 shows that 20% of the fashion styles (categorized as the larger 
styles and introduced in the spring of 2005) generated 67% of the revenues and 67% of the number of sales. Hence, a 
small number of styles are responsible for the majority of sales. Espedally for these styles the added value of 
transferring will be examined. Moreover, one can see that the percentage in sales and revenues have the same 
proportion. This means that on average the fast moving styles have the same value as the slow moving styles. 

3.6 Appealing conditions for transfers 

Transferring fashion items needs to be seen in its entire context. Every branch and company has specific charaderistics 
that will have their impact. Consiclering these will prevent potential pitfalls when comparing transfer projects in other 
situations. Therefore, it is wise to think about these points before starting with the project. In summary the following 
features appeared to be appealing for transfers for Fashion Brand: 

• The price; Fashion Brand's products are relatively expensive (on average 90 euro per set). This makes 
transferring attractive. 

• The size bow; the availability of a complete size bow has a strategie importance. Fashion Brand wants to have 
complete size bows in the stores because they don't want to tell rustomers that their size is not available 
anymore. What the rustomer sees is available (your size is our strength). It is assumed by experts that this 
increases sales, because rustomers willlook in another store when there first choice is not there. 

• The product; the products are quite exclusive. Hence, providing a high service means ensuring the availability 
of products. Exclusive products have a low substitution factor. This means that it is diffirult to substitute a 
specific product by another one when the product is not available. This corresponds with the second point. 

• Transportation; Fashion Brand replenishes stores frequently by post. The use of post ensures low fixed costs 
per delivery. Additionally, it results in a responsive distribution network. 

3.7 Summary 

In this chapter several characteristics of Fashion Brand where described. The product structure has been handled and 
the rurrent distribution process. Additionally, the sales process and its characteristics were described. Furthermore, 
several appealing points for transferring in the case of Fashion Brand have been brought forward. 
The next chapter will make a clear analysis of the problem of the rurrent transferring I replenishment process. 
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4 Problem analysis 

4.1 Introduetion 

The goal of this study is to investigate whether Fashion Brand' s throughput can be increased and its inventories can be 
decreased (reduction of capital employed) by means of transferring products. 

In paragraph 3.2 the importance of a high number of possible sets was explained. Furthermore, the availability of 
complete size bows was considered. These two factors correspond with each other (complete size bows increase the 
number of possible sets) and were linked with improving sales. 

Therefore, an analysis has been conducted to the supply performance of the current system, with regard to these two 
factors. This chapter will investigate room for impravement and formulate possible solution directions. 

4.2 The problem: "Bad allocation" 

To investigate the current system's performance an analysis to the on-hand stock levels at 8-9-2005 has been made. The 
analysis reveals that in many cases the number of possible sets and the number of sizes per style-colour could have 
been much higher. 

In these cases the opportunity was there to increase the number of possible sets per store, because some stores carry 
several (5 or even more) units of a specific SKU, while other stores carry nothing. Furthermore, size bows are often far 
from complete. In the Ishikawa diagram in figure 4.2 (K. Ishikawa [18]) this effect is called "bad allocation". 

Figure 4.1 shows an example of 'bad allocation for three stores. Moreover, an example of "bad allocation" for one style
colour over all the stores can be found in Appendix G". In every style-colour of the 30 largest bra styles this effect was 
apparent (and comparable with the example). 

Figure 4.1: Example of 'Bad allocation' 

"Bad allocation" increases lost salesandreduces inventory tums, which consecutively reduces the ROl of the supply 
chain. The effect "bad allocation" has on the moment 4 main causes. These main causes are a too high initial allocation, 
a wrong replenishment process, wrong transfer decisions and a differing sales potenhal per style-colour per store. 
These causes are also depicted in the Ishikawa diagram in Figure 4.2 and are handled in more detail in the next 
paragraph. 
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Figure 4.2: Ishikawa diagram for "bad allocation" 

4.3 Main causes for "bad allocation" 

1 "Too high initia! allocation" 

The number of units allocated to the larger stores (stores classified as A orB) is too high. Table 4.1 shows that of the 
fashion products about 1000 times more than 2 units were soldon a SKU-location per week in the period from 1-1-2005 
until8-9-2005 (lA). The analysis includes bras, slips and strings. 

# of sa/es per SKU frequency Percentage (%) 
location e_er week 

1 216.733 94,92 % 

2 10.473 4,60 % 

3 956 0,41 % 

4 136 0,06 % 

>5 21 0,01 % 

Table 4.1: # of salesper SKU location per week (fashion products) 

Lowering the initial allocation (and Order-Up-Ta-Levels) especially makes sense when one takes into account that the 
larger stores are replenished 4 times a week. Hence, allocating 5 or 6 units per SKU (as depicted in figure 3.6) tothese 
stores is absolutely unnecessary. Lowering the initial Order-Up-Ta-Levels is possible due to Fashion Brand's supply 
performance (stores are delivered 4 times a week). Conclusively, the initia! allocation is basedon the yearly turnover of 
Fashion Brand and doesnottake Fashion Brand's supply performance into account (lB). 

The high initia! allocation is aresult of the fact that the merchandisers believe that allocating too little will cause lost 
sales (lC). However, from the salesdata it appears that this will not be the case. Actually the opposite is true. The high 
allocation will cause more lost sales, because stores with no units on-hand cannot be replenished, while other stores 
have multiple units of the same SKU left (the so called ''bad allocation"). 
This corresponds with the next point. 
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2 "Wrong replenishment strategy" 

Lowering the Order-Up-To-Levels will have its effect on the replenishment process. Less units per SKU to the larger 
stores results in a longer replenishment period for all the stores, because more products are kept in the DC. This is 
explained in figure 4.2. In the first case store 2 runs out of stock when it has sold two products (under the assumption 
that store 1 has not sold anything), however in the case with a low initial allocation it can still be replenished by the 
DC. Hence, the replenishment period by the DC lasts longer. In this way the overall availability of products in the 
supply chain is increased. 

oc ? 
v< ~, 
,~ .,~ V 
aUocation 

V<~ ~~"' ? 
aHacation 

Figure 4.3: The effect of a lower initia! allocation on the replenishment process 

Another, issue with the current replenishment process is that stores with a lower number receive a replenishment 
before stores with a higher number. In this way the samestores are always prioritized. So, currently it can occur that a 
large store with an Order-Up-To-Level of 6 receives two unitsfora specific SKU, while two small stores with an Order
Up-To-level of 1 receive nothing for the same SKU. lt is clear that the two small stores will suffer from lost sales 
immediately, while the large store has enough units left. So, the current replenishment strategy does not consider the 
needof store (2A). 

Additionally, it is possible that in a large store a complete style is not selling very well. In these cases it does notmake 
sense to replenish these stores according to the high Order-Up-To-Levels. When demand is low for a specific style
colour the levels should gradually decrease. However, the current system is not able to adjust these levels and 
therefore the high Order-Up-To-Levels are maintained (2B). The last phenomenon intensifies the effect of not taking 
into account the need of a store. 

3 "Wrong transfer decisions" 

There are a number of issues in the current transferring process of Fashion Brand. The first issue in the current 
transferring process is that units from SKUs with several units left are not pro-actively allocated to stores with zero 
units on-hand for these SKUs. Hence, pro-active transfers on SKU-level do nothappen (3A). Of course, the costs for the 
execution of such a strategy need to be acknowledged. Therefore, one cannot directly say that these units should have 
been transferred. Therefore, the value of transferring in these situations needs to be examined more closely. Note: 
transferring in these cases is actually nothing more then fighting other causes of the "bad allocation" (the high initial 
allocation and the bad replenishment strategy). 

Another issue with the current transferring process is its manual execution (3B). lt is impossible for 3 merchandisers to 
keep daily track of all the SKU-locations. Each season approximately 140 fashion sets (bras; slips and strings) are 
introduced. This results in 140 * 25 (different artides) * 70 (stores) * 2 seasons = 490.000 different SKU-locations that 
have to be managed by the merchandisers on a yearly basis. This is too much for a manual process, especially if one 
takes into account that these are only the fashion products. 
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To prove this an analysis to the sales and inventory positions of a number of styles has been performed. An example of 
such an analysis is shown for style 'Fiola', which was sold in every store. The style consistsof 2 style-colours and 24 
different kinds of SKUs. The analysis starts on the moment that the first sale occurs. After that, the examined period is 
split into two periods of 10 weeks; this is represented by figure 4.3. For both periods the on-hand stock and sales are 
examined for each store. A summary of the analysis is shown in table 4.2. The green rows show the 4 stores with the 
highest number of sales. The red fields show the 4 worst selling stores (stores with the lowest amount of sales) in the 
first period. 

4/8/2005 

.. 
~::~~ , -'~ I t 

5/1/2005 

Store 
# 

6/1/2005 

Sales 
(units) 

1 

6!27/2005 
Split 

Figure 4.4: Sales period of 'Fiola' 

Sales 
(units) 

Inventory 
8-4-2005 

Table 4.2: analysis summary for style 'Fiola' 

Inventory 
27-6-

Inventory 
8-9-2005 

9/1/2005 

9/8/2005 

The table makes directly dear that transfers are not well organized within Fashion Brand. After all, store 58 does not 
sell a single product in both periods; the style is however not redistributed to another store. Apparently, this style has a 
low sales potential for store 58 (because no products were sold) and therefore redistributing this style after 8-10 weeks 
would have been obvious. 
There are two plausible reasons why this did not happen. First, the merchandisers need to take too many of these 
decisions and it is impossible to monitor all the SKU locations manually. Secondly, merchandisers can not monitor if 
their paper based instructions are executed by the store managers. So, even if a decision is made to take out a style
colour it is not absolutely sure that this will happen. 

4 "Differences in sales potential per style-colour per store" 

Another factor that contributes to the bad allocation of products is that styles or style-colours have a different sales 
potential (the chance that it is being sold) per store. The sales potential of stores depends on their location. Table 4 
shows for instanee that style 'Fiola' is not selling very well in store 91. Store 91 is a large store (dass Al) and is located 
in a shopping maiL In general the public of this store is relatively young. Apparently, this particular style was not very 
appealing fora young public, which in turn resulted in a low sales potential (4A). 

Furthermore, Fashion Brand sells its product in several regions with different kind of people and languages. This can 
also result in a differing sales potential between storesfora style or style-colour (4B). 

Finally, some stores have in general a higher sales potential than others, because they receive more store traffic. 
Especially store 54 has in general a very high sales potential. Contrarily, some stores (the C stores) just have in general 
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a too low sales potential. This means that these stores are unable to sell a complete style-colour during its life-cycle. 
The difference in general sales potential per store provides the basis for the theorem that transferring is beneficia! on a 
continuous basis. 

When a store has a high sales potential for a style-colour, one should maintain the availability of that style-colour. One 
needs to consider reallocating the style-colour, when the sales potential appears to be low. 

4.4 Scope for improvement 

The first step for improving the supply chain of Fashion Brand is the aggregation of inventory to a higher echelon. This 
means that more units of a style are held in the DC during the initial allocation. This provides the opportunity to 
allocate products to places that are selling the style most effectively. Therefore, the Order-Up-To-Levels of the larger 
stores need to be decreased. Furthermore, the current replenishment strategy of Fashion Brand will be replaced by the 
DBM-system of Vivacadena. These two issues are resolved during the implementation of Vivacadena's system at 
Fashion Brand. 

This leaves issues number 3 and 4 of the current causes for the "bad allocation" 

The fourth issue can not be resolved. After all, it is not possible to reallocate stores. Additionally, it is not possible to 
increase the number of rustomers per store significantly, in such a way that every store receives the same amount of 
customers. And finally, differences between regions will remain. 
Furthermore, after time evolves size bows will become incomplete in stores, because replenishment from the DC is not 
possible. This has also a negative effect on sales and customer satisfaction. 
As a result of this transferring can be beneficia! on a continuous basis because differences insales potential per style
colour per store will remain. Therefore, the remainder of this report will investigate the following hypothesis. 

Hypothesis 

Transferring is beneficia[ for Fashion Brand on a continuous basis due to irresolvable differences in sales potential per style
colour per store and due to the fact that size bows will become incomplete. 

The hypothesis will be tested under the assumption that the first two issues are resolved. The fourth issue can not be 
resolved but induces the improvement of the third issue, the current transfer process. Therefore, the remainder of this 
report will be focussed on the improvement of the current transfer process. After that, the improvement will be tested 
by means of a simulation. 

4.5 Design conditions 

Whether transferring is beneficia! on a continuous basis is a consideration between the potential benefits and the 
potential extra costs of transferring. Therefore, this paragraph will give a brief overview of the potential benefits and 
costs of transferring. Furthermore, important design requirements are included. 

Potential benefits 

What are the potential benefits of transferring products? 
• Firstly, products are reallocated to places with the highest probability of selling. Transferring to these places 

will increase the probability of a sale significantly. 
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• Secondly, transfers will increase the availability of complete size bows in stores. Every product that a customer 
sees is available in the rustomer's size. This impraves the perceived service of customers. 

• Thirdly, the productsof Fashion Brand correspond with each other (a slip has a corresponding bra) and will 
nat sell separately. When a part of a set is in store Y and the other part is in store Z the chance of selling the set 
will increase when bath parts are brought tagether in the same store. For Fashion Brand this is a very 
important factor. A elient must be able to buy a bra with the corresponding slip. 

• Finally, transfers can reduce the shelf time of a style and increase the number of inventory turns of the supply 
chain. The langer a product lies in a store the lower its value becomes due to wearing and becoming out of 
fashion. This results in fewer margins due to write off risk. Furthermore, a transfer provides shelf space in the 
supplying store, which then can be used for other products, which are selling successfully. 

Potential costs 

There are a nurnber of casts that can be taken into account with transfer decisions. 
• Firstly, there are of course the logistical casts for making a transfer. Here, one can distinguish between 

transportation casts and casts for handling and packing a product. In the case of Fashion Brand only 
transportation casts are identified, because we assume that packing and handling the product will nat require 
extra capacity, because store personnel can pack and handle products at the beginning of the day when store 
traffic is low. 

• Secondly, one can identify holding casts. lt is possible that in some cases there are differences in casts between 
holding a product on location A and B. In case of Fashion Brand holding casts are nat taken into account 
because the casts of ha ving a store are fixed. 

Design requirements 

• The main requirement for the new transfer process is that transfer orders are automatically generated. Manual 
actions will cause inconsistencies and possible failures. After all, it appeared that Fashion Brand.has toa many 
SKU-locations for manual controL 

• Additionally, it is necessary that the process can be monitored and controlled. Merchandisers are unable to 
monitor the execution of transfers. Therefore, transfers are aften nat executed by the store managers. So, the 
ability to monitor the transferring process is also an important factor. 

4.6 Summary 

This paragraph showed that the current supply chain's performance (in terrns of lost sales and inventory turns) can be 
improved. 

This is caused by a central problem, which is called "bad allocation". This problem has 4 main causes. The first two 
causes are a "toa high initia! allocation" and a "wrong replenishrnent strategy". Furthermore, it also appeared that the 
current transferring process could be improved. 

When the first two issues are resolved there still remains a possible potential for transfers. This caused by differences 
in sales potential per style-colour per store and by the incompleteness of size bows. The later has also a negative 
impact on sales. 

Therefore, in the remainder of this report the current transfer process is going to be improved and the added value of 
this redesign will be exarnined. 
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5 Theoretica! and business input for model development 

5.1 Purpose and selection of theoretica! model 

In Fashion Brand' s case there are only two factors that are taken into account for making a transfer decision. These are 
the costs for making a transfer and lost value due to a stock out. A decision model for making a transfer will be based 
on these two variables. The purpose of a decision model is to examine whether the lost value associated with a stock 
out outweigh the costs of a transfer. 

Banerjee et al. [7] present two policies for transfers. Lateral transhipments based on availability (TBA) redistributes 
stock to retailers with less than desirabie levels until all stock is depleted. Transhipments for inventory equalization 
(TIE)6 redistributes stock to match the ratio of average demand of each retailer to that of the whole retailer whenever 
there are retailers with less than desired stock. The former happens only once during a replenishment cycle. A policy 
called service level adjustment (SLA) is proposed by Lee et al. [23]. This policy integrates emergency with pro-active 
transfers and it considers the service-level for making decisions about the quantity for the transfer. The simulation of 
Lee et al. shows that SLA is more effective than TBA and TIE when transportation costs are low7• 

TBA and SLA are both derived from the solution of Allen [3]. Allen [3] [4] and Berman [8] provide the mathematica} 
basis for a model that minimizes costs of transfers and expected costs of shortages over a specified period. Allen [3] 
proves that the solution consists of an iterative procedure. A loop consists of sending a unit from a stock location with 
the lowest probability of a stock outtoa stock location with the highest probability of a stock out until a convergence 
criterion is met. 

Allen's model will serve as the basis for the development of a model for transfer decisions for Fashion Brand, because 
it specifically takes transfer costs and lost value into account of transferring one unit. Moreover, the modelsof Lee et al. 
[23] and Banerjee et al. [7] transfer all excess stock (according their calculated norms) from one retail point and then 
from the next, while Allen [3] takes per unit (or iteration) the highest amount of excess stock into account. 
Conclusively, in Allen's model an iteration happens per unit, while for TBA and SLA an iteration happens per store. 
Additionally, from chapter 3 the importance of complete size bows was considered. Lee et al. [23] state that additional 
studies are needed to incorporate inventory policies according to the characteristics of products in the supply chain. 
The model of Allen [3] is chosen for further model development, because it constitutes the basis of the other models. 

The theoretica} model of Allen [3] will first be clarified for allocating products from the DC in a situation of scarcity. 
After that, the model will be explained for transfers. First however, the probability of selling a product over a certain 
time period will be outlined together with Fashion Brand's demand characteristics. 

6 See also Johnson and Silver [19) 
7 Note that all the presented roodels assume that the DC has unlimited inventory but that the order lead time is high. This differs with the situation 
of Fashion Brand where the order lead time low is and the inventory in the DC zero. 
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5.2 Demand charaderistics 

A necessary condition for making transfer decisions is knowledge about the demand's behaviour. Two analyses are 
conducted. One analysis examines which probability distribution can be used for modeHing demand, the other 
analysis examines whether demand is stationary. 

Demand distribution analysis 

Agrawal and Smith [1] impose the negative binomial distribution for retail inventory management. Other authors 
(Axsäter [6], Galego and van Ryzin [12], van Ryzin and Mahajan [28]) are using the Poisson distribution for their 
analyses. Some authors (e.g. Lee et al. [23]) are even using the normal distribution for making transfer decisions in a 
retail environment. 

Therefore, these three distributions are examined for the sales data of Fashion Brand. The analysis of Agrawal and 
Smith [1] is conducted for the sales data of Fashion Brand in appendix E for SKU-locations with stock on hand. For 
these SKU-locations it is assumed that salesare equal to demand. 

The analysis shows that the normal distribution has the worst performance. The negative binomial and the Poisson are 
also rejected and have almost the same performance. This is probably attributable to the very low sales rate (on 
average 0,02 per week per SKU location for the conducted analysis) . When the size of the population nis very large 
and the occurrence of certain event A is very rare the negative binomial distribution is approximated by the Poisson 
distribution (see Savani [29]). 
The very low sales rate is the result of omitting SKU-locations without stock. In many cases a product can not be 
replenished when it is sold. This causes a very low sales rate in the analysis, which makes it difficult to fit demand to 
an appropriate demand distribution. Grange [15] also states that identification of distributions from typically available 
demand history can be extremely difficult. 

The remainder of this report will assume that Fashion Brand's demand is Poisson distributed, with the acquaintance 
that the distribution has been rejected in the analysis of appendix E. The reason for this is that for the Poisson 
distribution only one parameter needs to be estimated. This can easily be introduced into the system of Vivacadena 
that currently uses the normal distribution. Moreover, many authors (i.e. Murthi, et al. [26]) as well as some 
commercial demand forecasting software, suggest the Poisson as a suitable demand distribution for slow-moving 
items. 

Stationary demand analysis 

The examined products of Fashion Brand are fashionable items and therefore it is well possible that demand for these 
products strongly declines over time. This effect has been examined on an aggregated level (see appendix F). The 
analysis shows that on an aggregated level demand declines with about 2,5% per week. 
The analysis calls many possible reasons for the small decline (decreasing possible sets, incompletenessof size bows, 
pre-promotion dip, less shelf space). But, the decline in sales is not that strong that the examined products are very 
fashion sensitive. Therefore, demand is assumed to be stationary. 
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The probability of selling a product 

The demand distribution analysis irnposed the Poisson distribution for Fashion Brand's demand. Here, the probability 
of selling a product in a certain product will be explained. The estimated average number of units sold per SKU kin 

store i per period T is presented with: ..Îr,i,k. 

Extemal order 
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Figure 5.1: Phases of a product (from Cao and Si! ver [10]). 

Figure 5.1 represents the life cycle of a product. On a certain moment (at the beginning of period -r) the probability that 
a product is going to be sold before T needs to be calculated. This goes as follows: 

The probability that in period T one or more units are going to be sold is calculated as follows: 

- - o [ e --io,k * i . x l . 
P(Sr,i,k ~1)=1-P(S r,i,k =0)=1-I 

1 
r,,,k I =1-e-A.,.,,,k 

x=O X. ~ 
(5.1) 

Here, Sr,;,k is the number of sales of SKU kin period T at location i. The probability that at the beginning of period T at 

least one unit of SKU k will be sold in store i before the end of the horizon can be formulated as follows. 

( [ 
· " 1 Jr -al T T 0 e-A.,. ,i,k *A x , 

P(ISt,i,k ~1)=1-P(ISr,i ,k =0)=1- I 
1 

r,i,k I =1-e-A.,.,,,k•r-al 
f=T f=T x=O X. ~ 

(5.2) 

T 

P(I Sr,i,k ~ 1) is the probability that the sum of sales of SKU kin store i over the periods T till T is equal or larger 
t=T 

than 1. Of course 1 can be substituted by another number or variable. Forthese terms we will multiply the estimated 

parameter ..Îr,i,k with the number of periods left (T--r+1)8. The probability that n or more products are sold is then 

calculated as follows. 

T _ (n-l[e-(T-al)A.,.,,,k *(T-r+1)/L . xl] 
P(ISr,i,k ~n)=1- I 

1 
r,,,k I 

~ ~ L u 
(5.3) 

T 

In the remainder of this report we will use the term P(I Sr,i,k ~ n) to express the probability that over a period from 
t=r 

't: till T more than n units of a specific SKU k are going to be sold. 

8 If a Poisson random variabie represents the number of counts in some interval , then the mean of the random variabie must equal 
the expected number of counts in the same length of interval (Montgommery [25] , see page 138) 
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5.3 Explanation of theoretical model of Allen 

Allocating units from the DC in a situation of scarcity 

Transfers can take place at the beginning of a period when the requested amount of units frorn the stores for a 
particular SKU is higher than the stock in the OC. In the case of Fashion Brand this rneans that the surn of suggested 
order quantities (SOQs) higher is than the available stock in the OC. In such a situation the SKU has becorne scarce. 
This is the case when the following equation is true at the beginning of a period: 

N 

LSOQi,T,k >Ie,O;r-l ,k (5.4) 
i=l 

Here, Ie 0 T-1 k represents the inventory in the oe (i = 0) at the end of period T-1 and SOQi,r.k the Suggested Order 

Quantity for store i at the beginning of period T. Nis the nurnber of stores. 

In these situations one wants to distribute units of a SKU frorn the oe to places with the highest probability of selling 
or with the highest need. After all, stores with the highest probability of selling will provide the highest added value to 
the supply chain, because throughput is increased and inventory is decreased (see also Table 1.1 for rneasuring the 
performance of a supply chain). 

Allen tries to rninirnize the penalty costs of stock outs, the model below will focus on the expected added value to the 
supply chain, which is actually the inverse. Allocating units of a SKU frorn the oe to stores with the highest 
probability of selling goes as follows: Oeterrnine for each store the expected added value of allocating one unit extra to 
a store. This is the probability that one added unit to the current inventory position of the store is being sold tirnes its 
sales price: 

T 

Evt: = P(LSo ,k '?.Ie,i,r-l,k +1)*1 * P (5.5) 
f=T 

Here, 1 represents the added unitandPits sales price. The store where an extra unit will provide the highest expected 
added value to the supply chain will receive the unit frorn the DC. The current inventory position of the store where 
the unit is allocated will be increased. This reduces the EV of this store for the next iteration (or when the inventory 
position is equal to the Order-Up-To-Level the store is rernoved frorn the list). When stores have the sarne EV one can 
select a store randornly. 

After every allocation the process repeats itself until all units in the oe are allocated to a store. At the end there are 
sorne stores with a S0Q left. These stores can not be replenished by the OC. For these stores one can consider 
transferring a product frorn another store. 

Transferring units from one store to another 

As soon as the oe has no units available anyrnore one can consider supplying stores with the inventory frorn other 
stores. To do this, one needs todetermine whether a transfer provides significant value for the supply chain. Therefore, 
a store with the highest need will be connected with a store with the highest surplus. For these stores Allen deterrnines 
if the extra value of a transfer outweighs the costs of a transfer. This can be done by applying the following steps: 

Oeterrnine for stores with a positive S0Q the expected value of adding a product to the current inventory position: 
T 

Evt: = P(LSr,i,k '?.I e,i,r-l,k + 1) * 1 * P (5.6) 
I=T 

And determine for every store the expected value of the current inventory position: 
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T 

EV;~k =P(L ST,i,k ;;:::Je,i,T-l,k)*1* P (5.7) 
1='1" 

After that take from the stores with a positive SOQ the store with the highest EVi,k and from all the stores the store with 
the lowest E\'i.k 9,lO,and check for these two stores whether the following equation is true: 

EV+k1 
- EV

0
k ;;::: Cr l, ,, (5.8) 

If (5.8) is true a transfer is valid. The product can be added to the stock of the store with a SOQ and subtracted from the 
stock of the supplying store. After that one can repeat the steps. The process stops until one finds a situation where 
(5.8) is not true anymore. CT are the unit costs of a transfer. 

Extension to the model: order lead time 

In case of Fashion Brand the order lead time of a transfer is about two days when one sends a product directly to 
another store and about five days when the product is redistributed over the oe (a table with order lead times for 
redistribution over the oe can be found in appendix H). Therefore, one might want to incorporate the order lead time 
of a transfer (OL1) into the model. Figure 5.2 presents the effect of incorporating the order lead time into the model. 
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Figure 5.2: Phases of a product with the order lead time (based on Cao and Si! ver [10]). 

The figure shows that the time the product can be sold in the new stores decreases. So, the main change to the original 
model is that the product is shorter available in the receiving store. Thus, the formula for expected added value (EV) in 
the supplying store stays the same, but the formula for the receiving store will change to: 

T 

EVi,k = P( Isl ,i,k ;;:::Ib,i,HOLT,k + 1) * 1 * p (5.9) 
I=HOLT 

One can see that the period over which the product can be sold in the receiving store is reduced with OLT. A difficulty 

in this model is the determination of the number of units left (lb,i,HOLT ,k ) at the beginning of T+OLT. This will be an 

estimate, because we are at the end of period Tand we do not know the level of inventory at time T+OLT. 

I b,i ,HOLT,k is only clear in cases were Ib ,i,T,k = 0 ( I b,i ,HOLT ,k is then of course also 0). 

In any other case one needs todetermine the chance that I b,i,HOLT,k has a certain value. So, for instanee if I e, i ,T-I ,k = Y 

one needs todetermine the chance that I b, i ,HOLT ,k = 0, 1, ... Y-1 and Y at the beginning of T+OLT. 

This can be done as follows. 
HOLT 

P( Ib,i ,HOLT ,k=O)= P( Isl ,i,k ;;:::Ib,i ,T,k) 
1='1" 

HOLT 

P(/b ,i,HOLT,k = 1) = P( I Sl ,i,k =Ib,i,T,k -1) 
1='1" 

9 When stores have the same EVone can piek a store randomly. 
10 Allen [3) proves mathematically that the store with the highest expected value or the highest penalty cost has to be compared with the store with 
the lowest expected value or penalty cost. 
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HOLT 
P(Ib,i,r+OLT,k=Y)= P( _LSt,i,k =Ib,i,T,i -Y) 

!=T 

The formula for the expected value will then change to: 

Evi,k = ±(P( rb,i,HOLT,k= y) * P( ±st,i,k ~ Y + v * 1 * PJ 
y=O !=HOLT 

(5.10) 

(5.11) 

Using the formula above in the algorithm of 5.4 will incorporate the order lead time into the decision model for 
transferring. 

5.4 Practicallimitations to the theoretica! model of Allen 

The model presented in this paragraph is applicable for situations with clear information about the demand per store 
per SKU, a well defined horizon, no correlation with other products and exact transportation casts per redistributed 
unit. However, from the business these conditions do nat hold. 

A. Unclear information about the probability of selling a product 

Allen [3] assumes that the demand distribution of a product is known. However, in Fashion Brand's case products are 
being sold for only a few weeks when the first transfer decision has to be made. Additionally, the accumulated sales 
per SKU-location are very low (see Table 4.1). Basedon these sales, decisions regarding transfers have to be made. 

Therefore, estimating the parameter -Î,,i,k fora specific SKU is difficult and the estimate of the parameter can become 

unreliable. Moreover, the size of parameter -Î, ; k can change over time, as a result of increasing or decreasing sales 

during the sales period of SKU k. The redesign has to deal with this in a best possible way. 

B. Transportation costs in case of shipment consolidation 

The theoretica! model for transfers makes the consideration between holding or transferring one unit. The model 
assumes clear transportation casts per transferred unit. However, in Fashion Brand's case it is possible tosend several 
units per time without increasing the transfer costs. Therefore, the transfer costs per unit are in reality lower. Lowering 
the transfer costs per unit in the transfer model will cause a 'snowball' effect. After all, when the transfer costs are 
decreased the number of transfers will increase again. Thus, the transfer costs per unit can be lowered again, etc. 
Hence, the unit transportation costs can be set to zero in the theoretica! model. 

However, in combination with limitation A this can lead to excessive transferring and to an unstable system with 
deleterious cost consequences (see e.g. Banerjee et al. [7] and Diks and de Kok [11]). After all, when the probability of 
selling a unit of a SKU in the receiving store is slightly higher than in the supplying one this will result in a transfer. 

However, the unit needs to be transferred in the opposite direction again, when the estimates of parameter -Î,,i,k for 

both stores change in such a way that the parameter in the former supplying store becomes larger than that of the 
former receiving store. This will especially increase transportation costs when units are directly transferred from store 
to store. The redesign needs to deal with this effect. 
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C. Sets and size bows 

The theoretica! model does not take into account the existence of sets. lt is important that a style or style-colour is 
available in several combinations. If a style or style-colour is available in more combinations the probability of selling a 
product will be higher. The theoretica! model does not acknowledge the correlation between these products. 

Additionally, experts conclude that complete size bows stirnulate sales. When a customer sees an appealing product he 
is satisfied when the product is available. However, when it is not available it is very likely that the customer willlook 
for somewhere else. Therefore, a style-colour with a complete size bow will increase sales. The theoretica! model does 
not acknowledge this. 

D. Setting the horizon 

The theoretica! model has a very clear boundary over which the product can be sold. However, in retail environments 
it is not that clear what the selling period of a product is. For instance, one can state very clearly that a product will 
only be sold for 12 weeks. However, there is no problem for extending the selling period. 

In case of Fashion Brand products are sold for a fixed period (the normal sales period). However, after this period they 
can be sold again in the sales period or in the outlet and factory store. This means that the sales period of a product is 
not that clear. 

Moreover, the model assumes that at the end of the horizon the product has no rest value. However, when the product 
is being sold in the sales period or outlet store the product has still some value. Therefore, the model should actually 
take the rest value of a product into account. 

5.5 Business input for model development 

The discussion in the previous paragraph showed that in practice the simple theoretica! model of Allen [3] has some 
limitations. This paragraph will describe how the business will deal with these limitations. 

Al. Determining the potential of a product 

The potential of a product in a store (or the probability that a product will be soldover a certain period) will be based 
on style-colour level. On SKU level the sales rate is too low to make valid decisions. The style level is not consistent 
enough. Sometimes a style consistsof 3 style-colours, another time a style has just one style-colour. Additionally, it is 
possible that there are differences between the style-colours (a specific style-colour might be much more appealing in 
pink than in black). 

The chance that a SKU will be sold in a specific period will be determined based on historie sales data. The distribution 
used for the parameter estimation on style-colour level is the Poisson distribution. The average sales of a style-colour A 

in store i on day T (denoted with the parameter AA,i,r)will be estimated as follows: 

'Z'-1 

~ L5A,;,t 
À --".1=....:1 __ 

A ,i,T- 'f-l (5.12) 

26 



Theoretica/ and business input for model development 

Here, S A,i,t represents the number of units sold of style-colour A in store i on day t. This can be translated to the 

estimated average sales per day on SKU level. For instance, the estimated average sales per day for size k of style
colour A in store i on day 't: can be calculated as follows: 

A A %k • 
A -A. * , I 

A,k,i,T - A,i,T KA (5.13) 

I %k,i 
k=1 

Here %k.i is the percentage of all products sold with size kin store i. From now on this variabie will belabelled as 'size 
percentage'. The size percentage of size kis divided by the sum of all size percentages in style-colour A. Multiplying 
this fraction with the estimate of the style-colour level results in an estimate for the SKU level11 • Appendix I shows the 
size percentages (bras) of all sizes per store. 

The estimate of the potential of a product in a store becomes more accurate when more 'selling' weeks have evolved. 
The relationship between the number of observed weeks and the forecast error of the potential of a style-colour is 
depicted by figure 5.3. The more weeks demand is observed the more accurate the estimation of the true potential of a 
style-colour on a specific location becomes. For several parameters of the Poisson distribution the average Mean 
Square Error (Montgommery [25]) of the estimated real demand is plotted. One can see that the forecast error 
decreases much in the first weeks. Hence, the longerit takes to make a transfer decision the more accurate the decision 
becomes. 
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Figure 5.3: Mean Squared Error of estimate 

A2. On hand stock has to be at least 1 

Another point resulting from the first limitation is the following. 

When two stores both have 1 unit of a SKU on hand and the probability of selling two units of this SKU is higher in the 
receiving store than selling 1 unit in the sending store the theoretica! model will apply a transfer (because the 
probability of a stock-out is higher in the first store). 

In practice this will however be constrained. In consultation with experts it is determined that the goal should be to 
keep overall availability of products as high as possible. Especially due to the unpredictable demand this is desired. 
Therefore, a transfer will only be applied when the receiving store is out of stock. So, transfers are postponed until the 
receiving store has no units left anymore. 

11 The rnethodology for estirnating sales on SKU level is deduced frorn Wijngaard [33) 
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Stating that the overall availability of style-colours needs be maintained as long as possible has also another 
implication. For instance, when a store has two unitsleftand the receiving store is out of stock a unit will besent (even 
when the supplying store has a higher likelihood of selling 2 units than the receiving one). 

Both implications are aresult of the low and unpredictable sales rate of Fashion Brand's products and the high supply 
performance12 of Fashion Brand's supply chain. 

B. Transportation costs in case of shipment consolidation 

Intheredesign products are going to be transferred over the OC. As soon as these products arrive in the oe they are 
going to be spread over the stores. In this way shipment consolidation is increased. Moreover, the number of possible 
shipments is much lower compared to store transfers. 
(With oe transfers there are only 70 possible shipments per day, while store transfers incur the number of possible 
shipments to 70* 70 = 4900 possible shipments). 

Note that transferring over the oe differs from what normally has been described in literature. Most authors assume 
in their models that the oe has infinite inventory but that transfers add value due to long order lead times from the 
oe (i.e. Banerjee et al. [7], Johnsson and Silver [19] and Lee et al. [23]). Therefore, in literature shipments are directly 
send from store to store, instead from store to oe and then from oe to store. 

Sending units to the receiving stores from the oe will not incur extra costs, because it is assumed that these products 
can besent withother products that already had to besent (which fall under the normal distribution activities). 

In the redesign, transportation costs are not going to be considered for making the consideration of sending an 
individual unit on SKU level. The only constraint for the redesign is that on the long term on a aggregated level the 
total transportation costs due to transferring are a fraction of the extra revenues due to an increase of sales. This needs 
to be examined for instanee by means of a simulation. The designed transfer policy should not be implemented when 
the transportation costs due to transfers are higher than the extra revenues due to extra sales. 

C. Dealing with sets and size bows 

As soon as a proactive transfer is applied from a supplying store with one unit left toa storewithno units left, the rule 
will be to take out the entire style-colour at once. Of course it needs to be considered whether such a pro-active transfer 
needs to be applied. 
If so, the specific SKU will he sent to the receiving store (via the OC). The other SKUs are kept in the oe and are 
allocated over the remaining stores with a lower potential (if units of other SKUs are needed in the other stores). The 
decision to take out the entire style-colour at once assures consolidation (more products are sent with one box) and will 
increase the size-bow completeness of style-colours in a store. The exact rule for taking out a whole style-colour will be 
specified in chapter 6. 

Moreover, the existence of sets was not acknowledged by the theoretica! model. In the redesign bras are going to be the 
leading item of a set for transfer decisions. The decision to take out a style-colour will be based upon the number of 
sold bras, because a bra can be sold with a slip or with a string. eonsequently, bras will give the most representative 
view of the potential of a style-colour. When a style-colour of bras is taken out, the betonging slips and strings will 
follow. 

12 See for instanee Appendix H for Fashion Brand's supply performance, which is the number of potential shipments per week. 
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Additionally, slips and strings are purchased in higher quantities and are available in fewer sizes than bras. Therefore, 
the assumption is made that strings and slips are always available in all sizes. Hence, the need for transferring bras 
will be higher than for slips or strings. 

D. The lengthof a horizon 

Fashion products are sold for only one season. After the season products are allocated to the outlet store or the factory 
store. In other cases they are kept in the store (in the backroom) for the next sales period. These factors are not taken 
into account for the redesign. From the business it is determined that the model needs to increase the throughput of a 
style-colour in the current season. Therefore, the horizon lasts until the end of a season, respectively July and January. 

E. Backorders have to be fulfilled (Additional point) 

It is possible that a customer wants a product that is not available in the store. In that case the product has to be picked 
from another place in the supply chain. The goal is to find a location where the product has the lowest need. A 
backorder needs to be fulfilled, because it is an extra service to the customer and often the customer has already paid 
for it. Backorders are directly sent to the customer or to the store where the order was made. Fulfilling a backorder can 
be seen as an emergency transfer while transferring without an order are proactive transfers. 

5.6 Summary 

The theoretica! model of Allen provides insight for determining whether or not a transfer is valid. The order lead time 
can easily be incorporated into the model. The model works perfectly under strict conditions for sending an individual 
unit from store i to store j. 
However, in the retail environment of Fashion Brand the conditions are not always that clear. These conditions are 
considered as limitations. Therefore, the theoretica! model is notstraightforward applicable in Fashion Brand's context 
and needs to be modified according to the input from the business. This will form the basis for the redesign in the next 
chapter. 

29 



The redesign 

6 The redesign 

6.1 The redesign concept: phases of a style-colour 

The redesign is based upon the concept of Allen [3]. In the redesign a style-colour will go through several 
' replenishment' phases. Each phase has its unique characteristics. These phases are represented in Figure 6.1. 
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Figure 6.1: Phases in the life cycle of a style-colour on aggregated 

The life-cycle of a style-colour begins after the initia! allocation (tl). For each SKU several units are sent to the stores 
and a certain number is kept in the DC. SKUs of a style-colour are then replenished by the DC according to the DBM of 
Vivacadena. This happens as long as the surn of SOQs smaller is than the inventory in the DC. This is the first phase 
( tl-t2). 

When the ordered arnount exceeds the nurnber of units left in the DC, a SKU of a style-colour arrives in the second 
phase (t2-t3). The systern will not go back to the first phase because the SKU has now arrived in a situation of scarcity. 
The systern is now in a phase where it wants to fulfil orders with the highest need first. 

When the DC has no units available anyrnore, transfers are considered for the rernaining orders. In the redesign 
transfers are only triggered for backorders and orders that have out-of-stock positions. Transfers will initially take 
place frorn stores with several units left. For these orders only units of the ordered SKU are going to be sent. This is the 
third phase in the life-cycle of a style-colour (t3-t4). 

Eventually, a style-colour arrives in the fourth phase of its life-cycle (t4-t5). In this phase there are only stores with 1 
unit left. Here, transfers frorn stores with 1 unit left to stores with 0 units left can take place. In case of a pro-active 
transfer the entire rernaining style-colour of the supplying store is taken out at once, insteadof only the specific SKU as 
in phase 3. 

In the fifth phase (t5-t6) style-colours are rernoved because the remaining size bow in the store has becorne too small. 
There are no stock positions in the supply chain where the missing SKUs can betaken frorn. This is not representative 
for the store and it will affect the perceived service of custorners in a negative way. Therefore, the style-colour needs to 
be rernoved frorn the store. In this way stock becornes available in the DC, which can be used for increasing the 
cornpleteness of size bows in other stores. 

The life-cycle of a style-colour ends at the end of the season (t6). At this point the style-colour can be kept in the store 
or retumed to the DC. However, after this point no automatic allocation decisions will follow. 
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The above is a description of what happens for a style-colour on a tacticallevel. The goal of the concept is to stretch the 
overall availability over all the assigned stores in the first three phases and to maintain complete size bows in the later 
two phases for stores that are identified with a high potential for the specific style-colour. The concept is translated in 
an operational level by means of a daily planning procedure and an execution procedure. These two procedures are 
described in the next paragraphs. 

6.2 The daily planning procedure 

Each day, the system will receive per SKU a list of orders from the stores. The list serves as an input for planning the 
allocation of units. When a SKU has not been in a situation of scarcity, units are replenished according to the DBM 
(phase 1). However, from the first moment a SKU has been in a scarce situation, stock is controlled according to the 
daily planning procedure (the coloured fields) . 
The planning procedure is depicted by the frameworkin figure 6.2. The planning procedure is an iterative process 
where orders with the highest need and inventory positions with the lowest need are 'coup led'. The phases described 
in the previous paragraph are also depicted. The explanation of the daily planning procedure starts with the planning 
of backorders. 
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Figure 6.2: Graphic representation of the daily planning procedure 
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Planning backorders 

The framework starts with selecting orders for stores with the highest need. Orders with the highest need are 
backorders (or emergency orders). A backorder is an order made on request of a customer. Backorders have the 
highest need because the probability that the product is going to be sold is very high (if a customer has bought the 
product this is 100%). Additionally, supplying these orders will increase customer satisfaction and customer loyalty, 
because the order is made on request of a customer. 

Backorders are sent to the store where the product was ordered (over the OC), but can also besent to the customer 
directly. The framework assures that backorders are always fulfilled as long as there are units available in the supply 
chain. Backorders are prioritized according to the first-in-first-out principle (FIFO; see Silver et al. [30] page 678). 

After that, the framework will identify which stock position in the supply chain has the lowest need for this SKU. First, 
it willlook if there are units left in the oe (phase 2). These units have the lowest need and have to be selected first. A 
unit on stock in the oe is coupled with an order by stating that the unit has a 'planned delivery for store i' or a 
'planned delivery for customer <P' ( dependent of the delivery method). The backorder is tagged with 'planned delivery 
from OC'. In this way the backorder is removed from the order listand the stock in the oe is virtually decreased. 

Next, the framework will examine stores with more than one unit left of this SKU (phase 3). For these stores the 
prioritization for sending a unit is as follows: 

1. First, a store is selected with the highest number of units left. 
2. Then, from these stores the store with the lowest potential is selected. 
3. Finally, when both conditions are the same a store will be selected randomly. 

A unit on stock in another store is coupled with a backorder by stating that the unit has a 'planned transfer for store i' 
or a 'planned delivery for customer <fJ'. The backorder is marked with a 'planned delivery from store j'. In this way the 
backorder is removed from the order list and the stock in the supplying store is virtually decreased. 

Eventually, when there are no stores with more than one unit inventory left, the framework will examine stores with 
only one unit on hand (phase 4). The store with the lowest potenhal for this SKU will supply a unit. When stores have 
the same potentiat the supplying store is selected randomly. The order and the unit on stock are coupled in the same 
way as for stores with multiple units left. 
In this case the completeness of the size bow of the style-colour in the supplying store is examined (Phase 5). The 
remaining SKUs are removed, when the completenessof the size bow has been under a certain percentagefora certain 
time. In that case all the remaining units in the store are marked with 'planned transfer' . 

Planning of replenishments for stores with no units on hand 

After the backorders, orders for storeswithno units on hand are examined. Orders for stores without any units left for 
a particular SKU have a higher need then stores with 1 or more units left; because stores with no stock can suffer from 
lost sales immediately. Based on the sales rate in table 4.1 and the rate of replenishment it is not likely that this will 
happen for stores with 1 unit of inventory left. Therefore, the prioritization is made to fulfil these orders first. 

Of the orders for stores without inventory the order with the highest need is identified; this is based u pon the potenhal 
of a store. For the store with the highest potenhal a unit of an inventory position with the lowest needis selected. 
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This happens in the same sequence as for backorders. So again, the oe will be examined first (phase 2). A unit on stock 
in the oe is coupled with the order by stating that the unit has a 'planned delivery for store i'. Of course the order is 
also marked with 'planned delivery from OC' . 

After the oe, stores with more than one unit left are examined (Phase 3). The selection procedure of these stores is the 
same as for backorders. A unit on stock in another store is coupled with the order by stating that the unit has 'planned 
transfer for store i' and that the order has a 'planned delivery from store j'. Again this assures that the order is 
removed from the order listand that stock in the supplying store is virtually decreased. 

Finally stores with only one unit left are considered (phase 4). The only difference with backorders is that in case the 
supplying store has only one product left the whole style-colour will be taken out of the supplying store. This will only 
happen if the supplying store has a very low potential for this style-colour compared to the receiving store. The 
complete algorithm for taking out a complete style-colour will follow in this next paragraph. In this case the specific 
SKU is marked with 'planned transfer for store i' and the whole style-colour is marked with 'planned transfer'. 

The completeness of the size bow in the receiving store is examined when the order is not fulfilled. The remaining 
SKUs are removed, when the completenessof the size bow has been under a certain percentagefora certain time. All 
the remaining units in the receiving store are then marked with 'planned transfer' and are thus planned fora return to 
the OC. 

Planning replenishments for stores with more than 1 unit left 

After that, orders for stores with one or more products are examined. These stores will only receive units from the oe 
and not from other stores. Regarding the low number of weekly sales the need is not high enough to transfer products 
for these orders, because lost sales will not directly occur. Therefore, only a prioritization is made based upon the need 
side. The prioritization of orders for stores with several units left is as follows: 

1. First, an orderfora store is selected with the lowest number of unitsleftin that store. 
2. Then, from these orders the store with the highest potential for this store is selected. 
3. Finally, when both conditions are the same a store will be selected randomly. 

In this way the order for the store with the highest need will receive a unit from the OC. Again, the orderand the unit 
on stock in the oe are coupled. In case an order can not be fulfilled from the oe the Order-Up-To-Level of this SKU
location will be decreased. 
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6.3 Algorithm for taking out a complete style-colour 

This paragraph describes the algorithm for taking out an entire style-colour at once in case of a pro-active transfer from 
a store with 1 unit left. In such a case, the probability of selling the SKU in the receiving store has to be significantly 
higher than that of the sending store for the remaining period. The three following rules can be used for taking out 
entire style-colours. 

1. The potential per SKU (formula 5.13) can be used to calculate the probability (with the Poisson distribution) of 
selling a unit in the remaining period. A transfer (and taking out the whole style-colour) will be applied, when 
the difference in the probability of selling one unit between the supplying and the receiving store augments a 
certain level. The size of the probability difference is a parameter that has to be determined. 
Calculating the difference between the probability of selling a SKU in store i (the receiving store) and store j 
(the supplying store) goes as follows: 

{ -i . ~ selling days in store j ( -i 'yt sell ing days in store i 
11 < \e A ,k ,J,T } _ e A, l ,i ,T J (6.1) 

Here, 11 is the minimal difference in the probability of selling a product in store i and store j. The # of selling 
days in store i and j differs. After all, the receiving store starts selling the product from the moment the 
product has arrived into the store (in appendix H one can see how long it will take before a product becomes 
available in the store when a transfer is applied). Hence, the order lead time needs to be subtracted from the # 

of selling days (see also formulas 5.9 & 5.10). 

2. A transfer is valid when the receiving store i has sold strictly more than x units of the specific style-colour and 
the sending store j strictly less than y. These two values also have to be determined. 

3. A combination of both rules. 

The advantage of the first ruleis that it takes the number of SKUs of a style-colour into account. The potential of a SKU 
is basedon 5.13 and therefore a style-colour with more SKU needs to have moresales on style-colour for becoming a 
high potential. In addition it also considers the remaining period in which the product can be sold. 

The second rule has the advantage that transfers are postponed until a certain level of sales is achieved. Applying the 
first rule just straightforward has the disadvantage that even with small sales differences transfers are applied (for 
instanee when the supplying store has zero sales on style-colour level). A combination of both these rules will prevent 
this. Therefore, the combination of both rul es is going to be used. 
Hence, the receiving store needs to have sold more than x units on style-colour level and the supplying store less than 
y. And, the difference in the probability of selling one unit in the receiving store and the supplying one needs to be 
larger than 11. 
The remainder of this report will use the combination of the two rules 
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6.4 The daily execution procedure 

The output of the daily planning procedure serves as an input for the daily exerution procedure. The output of the 
daily planning procedure is a list with planned deliveries from the DC to the stores and a list of planned transfers from 
the stores to the DC. Additionally, the list might consist of direct deliveries torustomers in case of back orders. 

The execution of planned deliveries from the DC to the stores 

During the daily planning procedure units in the DC can be marked with 'planned delivery for store i'. Whether the 
planned delivery will be exeruted depends on the picking day of a store. So, the shipment consolidation decision is on 
the moment a time policy that is given by Fashion Brand. For the redesign this policy is maintained because of capacity 
limitations in the DC. 

Products for C stores are picked on Wednesday and Friday. These are the picking days of these stores. The planning 
will be exeruted, when a unit has a 'planned delivery for store i ' on Wednesday and store i is a C store. This means that 
the unit is picked and sent to store i. 

The execution of planned transfers from stores to the DC 

The daily planning procedure also marks units in the stores with 'planned transfer for store i' or ' planned transfer'. 
Here, the use of shipment consolidation (sending more products from a store per box) needs to be considered. 
According to Higginson and Bookbinder [16] three polides can be applied for shipment consolidation: 

1. A time policy; this means that each a days a box with products will be transferred. The day on which a box 
with productscan besent is called the redistribution day. All products that are marked with ' planned transfer' 
are shipped on that day. The amount of redistribution days has to be determined. 

2. A quantity policy; a box with products will be transferred when f3 products are marked with 'planned transfer' 
in a store. The number of products ({3) that have to be selected for making a transfer has to be determined. 

3. A time and quantity policy; a box of productsis shipped at the earliest of the time (a) and quantity values ({3). 

For each policy there is the trade off between cost per unit and the increase in rustomer service (or decrease in lost 
sales). Higginson and Bookbinder [16] emphasize that knowledge of the level of service required by rustomers is 
crucial in selecting a shipment release policy. Customer service and the arrival rate of boxes have to be examined 
simultaneously, because the value of one can eliminate or reduce significantly the importance of the other in the 
decision. 

In the remainder of this report the time policy will further be investigated, because of its practical implications. 
Choosing a fixed day for transfers provides stability in the schedule of store personnel. 
For instance, the Monday is an ideal day because fewer rustomers enter the store. Furthermore, transferring on 
Monday will ensure that transferred products arrive in the receiving store before the peak days (Friday and Saturday). 

The execution of planned backorders 

During the daily planning procedure unitsfora backorder are marked with 'planned transfer for store i' or with 
'planned delivery for rustomer <P' . 

Backorders tagged with 'planned delivery for rustomer <P' can besent directly to the address of the rustomer. 
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Backorders marked with 'planned transfer for store i' are handled in the same way as planned transfers from stores to 
the DC. 

6.5 Summary 

This chapter defined five phases of a style-colour. Each phase had its own characteristics. The phases were placed in a 
daily planning procedure for handling orders. Pulfilment of the planning was dependent of the chosen execution 
procedure. Furthermore, the remainder of this report will focus on the time-policy. 

The presented redesign showshow transfers can be computerized in the current replenishment process. This solves the 
third problem (the current transfer process) in the supply chain of Fashion Brand. 

However, will the redesign for transfers add enough value to the supply chain for transferring on a continuous basis? 
The hypothesis states that this is true due to irresolvable differences in sales potential per style-colour per store and 
due tothefact that size bows will become incomplete (which has a negative effect on sales). 

The hypothesis will be examined in the next chapter by using a simulation. 
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7 Simulation 

7.1 Simulation objective 

The goal of the simulation is to provide a representative estimate of the added value of transfers. Therefore, a 
simwation model is made based upon the situation of Fashion Brand. The added value is measured as a function of 
extra revenues due to an increase in sales and extra costs as a result of extra shipments. 

Moreover, the simulation has to provide optima} parameters for the planning and the exerution of transfers. For the 
planning procedure these are the parameters x, y and !1 of chapter 6. For the exerution procedure the time policy is 
going to be examined more closely, hence the effect of the amount of redistribution days (a) is going to be examined. 
The simulation also has to gain knowledge about the behaviour of the system with the chosen parameters and this 
result can be used for the actual implementation of the system. 

7.2 The simulation model 

Entities in the model 

The model consists of the following entities: 
• 70 stores; each store holds a range of styles and style-colours 
• 1 distribution centre; stores are replenished by the DC 
• 96 styles and 178 style-colours; in the simulation 96 styles are introduced and each style has two colours so 

there are 178 style-colours. The allocation of style-colours is handled later on. 
• Shipments; when a store sends a box with products back to the DC, the sirnulation will register this as a 

shiprnent. 
• Custorners; rustomers arrive at a store and then try to buy a product according a partirular size and colour. 

Processes in the model 

The model sirnulates rustomer demand over a period of a year (300 days) . For each day the sirnulation goes through a 
number of processes. These are the following: 

Figure 7.1: processes per day 

Customer 
handling 
process 

• A daily process where styles are launched or ended frorn the rurrent collection. 
• The planning process according to chapter 6. 
• The exerution process also according to chapter 6. 
• The rustorner handling process, here rustomers arrive at a store and are going to buy a bra. 
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Launching and ending style-colours 

The simulation starts with an initia! set of style-colours. During the simulation these style-colours are removed and 
replaced by newer style-colours. The simulation uses only the 10 best selling colours (Black, White, Natur, Rose, Beige, 
Red, Turki, Yellow, Blue and Pink). These colours are responsible for more than 90% of all the sales. The sales 
percentages of these colours per store are depicted in appendix J. 

The launching days and ending days of all the style-colours in the simulation are as follows. The table shows that in 
total178 style-colours are going to be launched during the simulation. 

Style-colours 
5 BI; 4 Wh; 3 Na; 3 Ra; 2 Be; 2 Re; 2 Tu; 2 Ye; 2 Blu; 1 Pi 
5 BI; 4 Wh; 3 Na; 3 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Biu; 0 Pi 
5 BI; 4 Wh; 2 Na; 2 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Biu; 1 Pi 
5 BI; 3 Wh; 2 Na; 2 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Blu; 1 Pi 
5 BI; 4 Wh; 3 Na; 3 Ra; 2 Be; 2 Re; 2 Tu; 2 Ye; 2 Blu; 1 Pi 
5 BI; 4 Wh; 3 Na; 3 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Blu; 0 Pi 
5 BI; 4 Wh; 2 Na; 2 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Blu; 1 Pi 
5 BI; 3 Wh; 2 Na; 2 Ra; 2 Be; 1 Re; 1 Tu; 1 Ye; 1 Blu; 1 Pi 

Launching day 
Day 1 
Day24 
Day48 
Day 72 
Day 120 
Day 144 
Day 168 
Day 192 

Table 7.1: Introduetion and removal of style-colours 

Endingday 
Day 120 
Day 144 
Day 168 
Day 168 
Day 240 

Day 264 

Day 288 
Day312 

The table shows that a range of style-colours is introduced on day 1 (5 style-colours with a black colour, 4 style-colours 
with a white colour, etc.) and that the same range is removed on day 120. The exact allocation (which sizes and how 
much of each size) of style-colours will be explained in the different input scenarios. 

The number of introduced style-colours is based upon the sales percentages of all these colours. The style-colour black 
is therefore the most frequent style-colour and pink the least frequent style-colour. 

Planning procedure and execution procedure 

The planning procedure happens according to the daily planning procedure of chapter 6. 
Here, the effect of the minimum amount of products sold in the receiving store (x) and the maximum amount of 
products sold in the supplying store (y), and the difference in the probability of selling (M are going to be examined. 
Style-colours are in the simulation not removed because of incompleteness (phase 5 from the concept). 

In chapter 6 several scenarios for the execution procedure were outlined. The simulation will examine a number of 
scenarios for the time policy. These scenarios are outlined in the different input scenarios. 
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Customer handling process 

Crucial in the simulation is the customer handling process. In this process a rustomer is created and then tries to buy a 
product. 

Creating a rustomer goes as follows. First a rustomer is assigned to a store. This is done based upon the percentage of 
sales in that store (Appendix C). Accordingly, the probability that a rustomer arrives at the A++ store is much higher 
than in a specific C store. 

After the arrival at a store, a size and a colour are assigned to the rustomer. These are based upon the salespercentages 
in the selected stores (Appendix G and I); rustomers will not change to another size or colour. There is only 
substitution between styles possible. 

After the arrival at a store, the customer tries to buy a product. The process of buying a product is based upon the 
rustomer behaviour model of Al-Zubaidi and Tyler [5]. The main difference between our process and that of Al
Zubaidi and Tyler [5] is their assumption that every arriving rustomer has a specific item in mind. 
Experts emphasize on the importance of complete size bows and assume that in Fashion Brand's case most rustomers 
willlook around in the store for an attractive style. Therefore, we assume that every rustomer will browse for a style. 
Browsing for a style goes in the simulation as follows. 

The rustomer makes a prioritization of all the available styles in the store (which means that at least 1 unit of a style
colour is available in the store) with the same colour that was assigned to the rustomer. 

Subsequently, from the prioritized list the first style-colour is selected. A number between 0 and 100 is randomly 
drawn on order to simulate the attractiveness of the style-colour for the rustomer (i.e. see Hiliier and Lieberman [17] 
page 1101 for simulation with random numbers). A rustomer finds a choice attractive when the drawn number is 
below the number in the choice table (Table 7.2). Consequently, a sale happens when (1) the drawn number for the 
rustomer's first choice is below the number in the choice table and (2) when the size of the rustomer is available. When 
a sale occurs a new rustomer is created and the process repeats itself. 

The second choice of the customer is being processed, when the rustomer's first choice did nat result into a sale. The 
same steps (1 & 2) are applied for the second choice. By setting lower values in the choice table for the second or the nth 
choice the likelihood of a sale will decrease. This reflects the substitutability of products in the simulation. Hence, 
lower values in the choice table for thesecondor nth choice reflect a low substitution factor. 
A lost sale takes place when the customer went through all its choices and no sale ocrurred. At that moment there are 
no styles available anymore to choose from (3). The entire process of handling a rustomer is depicted in Figure 7.2. 

One can see that Table 7.2 takes the available number of style-colours into account. The probability of a sale is higher 
when more style-colours of the selected colour are in the store. More choices are increasing the likelihood of a sale. 

#of available style-colours in store 

The n th choice 
1&2 3&4 5-10 >10 

of a customer 

Choice 1 75,00 80,00 95,00 100,00 

Choice2 25,00 30,00 45,00 50,00 

Choice 3 0,00 20,00 30,00 30,00 

Choice4 0,00 0,00 0,00 10,00 

Choice5 0,00 0,00 0,00 0,00 

Table 7.2: Choice table 
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Figure 7.2: Customer behaviour model 

The simulation program 

The simulation model was programmed in Delphi. The input (that is the stores, the styles, the behavior of the 
customers) for the simulation model is supplied in an excel sheet and is read by 'Read data'. 

Moreover, the simulation period can be entered and the number of customers per week. It is possible to distribute 
them over the days of the week. 

For each run it is possible to enter the parameters x, y and /1. Next to this it is possible to generate a 'multi run' where 
several runs with different parameters are generated and saved into the excel sheet. A screen shot of the simulation 
program is depicted in Figure 7.3. 

r. Tine baseet 

Seed store-seledion jl2~$7 

Seed d)jeoeloclion ~ ~5678 
Seed cdol selodion 134567119 

Seed oize selodion l.sG7!9J 
Seedclloice 15678001 

r QuordJ>..-.:! Tinobosod ] 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 111 
r. r,.,..,.y.. r TriNforNo r. Cloan"' Y• • r Cloan"'No I 

Figure 7.3: Screen shot of the simwation program 
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7.3 Simulation scenarios 

The model is going to be tested under several scenarios. These are the following: 

• A scenario with a high and a low initial allocation to the stores. 
• A scenario with rustomers with a high, a medium and a low substitution factor. 
• A scenario with a high, a medium and a low number of rustomers per day. 

Each of thesescenariosis going to be tested under 60 parameter combinations (x, y, and l1) . 
• x [1, 3, 5, 7, 9] 

• 
• 

y 
L1 

[1, 3, 5] 

[0,05; 0,1; 0,15; 0,20] 

And, each scenario is going to be examined under five time polides ('I'= 1, 2, 3, 4 or 5). These are the following: 
1. A daily policy 
2. 2 times per week (Monday and Thursday) 
3. Weekly (Monday) 
4. Once per two weeks (Monday) 
5. Once per four weeks (Monday) 

For each scenario the best result will be selected. That is the simulation run with the highest increase in throughout 
with regard to the increase in operational expenses compared to a situation without transfers. 

Allocation scenarios 

In the simulation style-colours consist of 12 sizes. In total there are 15 sizes. So, in half of the style-colours the smallest 
sizes (270, 275 and 280) are nat available and in the other half the largest sizes (575, 580 and 585). There are two 
scenarios for the allocation of products over the stores. The allocation tables show how the products are spread over 
the stores and the DC. 

The high initial allocation scenario: 

Stores Sizes Stores Sizes 

Class ' 270 2?5 280 375 380 385 475 480 485 575 580 585 a ... • 375 380 385 475 480 485 575 580 585 675 680 685 

AH 1 1 2 1 4 3 1 3 3 1 2 2 1 AH 1 4 3 1 3 3 1 2 2 1 1 1 1 

A+ 2 1 2 1 4 3 1 3 3 1 2 2 1 A+ 2 4 3 1 3 3 1 2 2 1 1 1 1 

Al 6 1 1 1 3 2 1 2 2 1 2 2 1 Al 6 3 2 1 2 2 1 2 2 1 1 1 1 

A2 4 1 1 1 3 2 1 2 2 1 2 2 1 A2 4 3 2 1 2 2 1 2 2 1 1 1 1 

81 13 1 1 1 2 2 1 2 2 1 1 1 1 81 13 2 2 1 2 2 1 1 1 1 1 1 1 

82 15 1 1 1 2 1 1 1 1 1 1 1 1 82 15 2 1 1 1 1 1 1 1 1 1 1 1 

c 29 1 1 1 1 1 1 1 1 1 1 1 1 c 29 1 1 1 1 1 1 1 1 1 1 1 1 

I Totol sto= I I 70 1 73 I 70 1 127 1 99 I 70 1 99 1 99 I 70 1 &3 I &3 1 70 I j Total stores j j 127 j 99 1 70 1 99 1 99 I 70 1 &3 1 &3 I 70 I 70 I 70 I 70 I 
I oe 

11 
5 I 10 I 5 1 20 I 15 I 10 I 15 I 15 I 10 1 5 I 5 I 5 I oe 

11 
20 I 15 I 10 I 15 I 15 I 10 I 5 I 5 I 5 I 5 I 5 I 5 I 

I Total 
11 

75 I &J 1 75 1 147 1 114 1 80 l m l m l 80 I 88 1 88 I 15 I Total 1 1 147 1 114 1 80 1
114

1
11

· 1 
80 I 88 1 88 I 75 I 75 I 75 I 15 I 

Allocation table without the largest sizes Allocation table without the smallest sizes 

Table 7.3: High initial allocation scenarios 
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The low initial allocation scenario: 
Sloros Slzes StOf es Sizes 

Claos • 270 275 280 375 380 385 475 480 485 575 580 585 Class • 375 360 365 475 480 465 575 580 585 675 680 685 

A++ 1 1 1 1 1 1 1 1 1 1 1 1 1 A++ 1 1 1 1 1 1 1 1 1 1 1 1 1 

A+ 2 1 1 1 1 1 1 1 1 1 1 1 1 A+ 2 1 1 1 1 1 1 1 1 1 1 1 1 

A1 6 1 1 1 1 1 1 1 1 1 1 1 1 A1 6 1 1 1 1 1 1 1 1 1 1 1 1 

A2 4 1 1 1 1 1 1 1 1 1 1 1 1 A2 4 1 1 1 1 1 1 1 1 1 1 1 1 

B1 13 1 1 1 1 1 1 1 1 1 1 1 1 B1 13 1 1 1 1 1 1 1 1 1 1 1 1 

B2 15 1 1 1 1 1 1 1 1 1 1 1 1 B2 15 1 1 1 1 1 1 1 1 1 1 1 1 

c 29 1 1 1 1 1 1 1 1 1 1 1 1 c 29 1 1 1 1 1 1 1 1 1 1 1 1 

I Total stores I I 70 1 70 1 70 1 70 1 70 1 70 1 70 1 70 1 70 1 70 1 70 1 70 1 I Totalatores I I 70 I 70 I 70 1 70 1 70 1 70 I 70 1 70 1 70 I 70 1 70 1 70 

oe 
11 

5 I 13 1 5 I 77 I 44 I 10 1 44 1 44 1 10 1 16 1 16 1 5 I oe 
11 

77 I 44 I 10 1 44 1 44 1 10 I 18 1 18 I 5 I 5 I 5 I 5 

Total 
1 1 

75 I B3 1 75 1 147 1 114 1 60 1 114 1 114 1 80 1 68 1 68 1 75 I Total 1 1 147 1 114 1 80 1 114 1 114 1 80 1 .. 1 88 1 75 I 75 1 75 1 75 

Allocation table without the largest si zes Allocation table without the smallest si zes 

Table 7.4: Low initia! allocation scenarios 

Substitution factor scenarios 

The simulation will also consider the substitutability of the products of Fashion Brand. Three scenarios are going to be 
tested. On the one end a scenario were productscan easily be substituted and on the other end a scenario where the 
first choice of customer has to be there. 
The choice tables below represent the probability that a customer will buy its second or third choice. One can see in the 
first choice table that the probability of selling a product is still quite high when the first style-colour is not available in 
the size of the customer. However, inthelast choice table the first choice of the customer has to be there, otherwise a 
lost sale occurs immediately. The same choice tables are going to be used for all colours and sizes. 

Scenario with a high substitution factor: Scenario with a medium substitution factor: 
# of style- #of style-
colours in 1&2 3&4 5-10 >10 colours in 1&2 3&4 5-10 >10 

store store 

Choice1 75,00 80,00 90,00 100,00 Choice1 75,00 80,00 95,00 100,00 

Choice2 75,00 80,00 90,00 100,00 Choice2 25,00 30,00 45,00 50,00 

Choice3 0,00 40,00 40,00 40,00 Choice3 0,00 20,00 30,00 30,00 

Choice4 0,00 0,00 0,00 20,00 Choice4 0,00 0,00 0,00 10,00 

Choice5 0,00 0,00 0,00 10,00 Choice5 0,00 0,00 0,00 0,00 

Scenario with a low substitution factor: 
# of style-
colours in 1&2 3&4 5-10 >10 

store 

Choice 1 75,00 80,00 95,00 100,00 

Choice2 0,00 0,00 0,00 0,00 

Choice3 0,00 0,00 0,00 0,00 

Choice4 0,00 0,00 0,00 0,00 

Choice5 0,00 0,00 0,00 0,00 

Table 7.5: Choice tables with different substitution scenarios 
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Scenarios for the average amount of customers per week 

There are three scenarios for the average arnount of rustorners per week. There is one scenario with 2400, one with 
3000 and one with 3600 rustorners on average per week. The rustorners are spread over the week according to figure 
7.4. The figure is based upon the sales data of Fashion Brand. The Sunday is not included into the sirnwation. 

Percentage sales per day 

25.00,---------------------, 

21 .43 

SUN MON TUE WED THU FRI SAT 

Day of the week 

Figure 7.4: Percentage of total demand per day 

Summary 

In total the sirnulation is going to investigate: 

60 parameter cornbinations * 
5 time policy scenarios 

300 settings * 

2 initial allocation scenarios * 
3 substitution factor scenarios * 
3 rustoroer arrival scenarios 

18 scenarios = 5400 simwation runs 

This rneans that there are 5400 different kind of sirnulations. Each simwation will be exeruted 10 times. This gives 
54.000 runs. A run lasts about 30 seconds. Consequently, the total sirnulation time is approxirnately 19 days. As result 
of this the sirnulation has been run on 15 computers during 4 days. 
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7.4 Results 

This chapter will first provide per scenario the best simulated result (with the given parameters and time policy) in 
terms of total revenues minus the extra costs of transfers. One sale yields € 90 extra revenues and a transfer yields € 

8,50 extra costs. The assumption is made that one shipment has enough capadty for all the products that have to be 
transferred on a redistribution day. 
After the presentation of the best results, a sensitivity analysis is made to show that the results are close to optimal. 
This is foliowed by a risk analysis that stores will have too little choices. 

Best result per scenario 

Table 7.6 shows the results for 18 scenarios. lt can be seen that the low initial allocation without transfers perfarms 
better than the high initial allocation. Furthermore, the highest impravement with transfers is achieved when 
rustomers behave very choosey and when the initial allocation is high (scenario 7, 8, and 9). 
Finally, the improved result increases with the average number of rustomers per week. 

Scenario Initia[ Average # of Substitution Result with- Best result with Set Impravement 
# allocation customers per factor out transfers transfers (1JI;x;y;LJ ) 

week 
1 H 3600 High €12.096.450 €13 .216.858 (1;3;5;0,05) 9,26 % 

2 H 3000 High €10.785.970 €11.664.035 (1 ;3;5;0,05) 8,14 % 
3 H 2400 High €9.167.130 € 9.726.029 (3;3;5;0,15) 6,09 % 

4 H 3600 Medium €11.171.160 €12.395.972 (3;1;5;0,05) 9,64 % 

5 H 3000 Medium €9.956.430 €10.947.410 (3;1;5;0,05) 9,95 % 

6 H 2400 Medium € 8.468.460 € 9.144.938 (3;1;5;0,10) 8,00 % 

7 H 3600 Low € 9.911.970 €11.372.792 (2; 1;5;0,05) 14,74 % 

8 H 3000 Low € 8.820.900 €10.079.185 (2;1;5;0,10) 14,26 % 

9 H 2400 Low € 7.530.390 € 8.423.003 (2; 1;5;0,05) 11,85 % 
10 L 3600 High €12.210.030 €13.205.054 (1; 1;5;0,05) 8,15 % 
11 L 3000 High €10.935.810 €11.662.298 (3;1;5;0,05) 6,64 % 
12 L 2400 High € 9.315.090 € 9.691 .970 (2;1;5;0,05) 4,04 % 
13 L 3600 Medium €11.344.680 €12.365.023 (3;1;5;0,10) 8,99 % 
14 L 3000 Medium €10.153.620 €10.920.950 (3;1;5;0,05) 7,56 % 

15 L 2400 Medium € 8.660.880 € 9.103.338 (2;5;5;0,05) 5,10 % 
16 L 3600 Low €10.153.800 €11 .375.686 (3;1;5;0,05) 12,03 % 
17 L 3000 Low € 9.106.020 €10.067.266 (3;1;5;0,05) 10,55 % 
18 L 2400 Low € 7.840.710 € 8.395.382 (3;1;5;0,05) 7,07 % 

Table 7.6: results for the time policy 

Sensitivity analysis 

The effect of the chosen time policy and parameter x: 
In Figure 7.5 the improved result in euros is shown for 4 scenarios. The improved result is expressed in extra revenues 
due to transferring in relation to a policy without transfers. The result is plotted for six time polides (0, 1, 2, 3, 4 and 5, 
where 0 depiets the policy without transfers) and shows that the first three polides almost have the same performance. 
The result is slightly worse for the fourth policy and results are significantly decreasing for the monthly policy. 
Furthermore, it appears that when parameter x is increased the simulated result becomes worse. This means that the 
sooner the removal of style-colour is triggered the better the result becomes. This is caused through the assumption 
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that lost sales are generated as soon as size bows are incomplete. A smaller x triggers faster a transfer (in other words 
the system becomes more responsive to preventing incomplete size bows). 

Scenario 13: L-3600-M Scenario 15: L-2400-M 

€ 1.400.000,00 € 800.000,00 
-- ('11-1-5-0,05) -- ('1'- 1-5-0,05) 

€ 1.200.000,00 --- ('11-5-5-0,05) --- ('1'-5-5-0,05) 

('1'-9-5-0,05) € 600.000,00 ('1'-9-5-0,05) 

~ 
€ 1.000.000,00 

l ~ 
~ 

-k- ('1'-1 3-5-0,05) 

~ 
--- ('1'-13-5-0,05) 

:; 
€ 800.000,00 

111 ........ ('1'-17-5-0,05) ........ ('1'-17-5-0,05) 
~ ; ,. ~ ( 400.000,00 

L ~ € 600.000,00 0 

e tl ~ 
ti. 

c. .5 
.5 € 400.000,00 

11 ( 200.000,00 • ·~ € 200.000,00 

lf V €0,00 €0,00 

0 1 2 3 4 5 0 I 2 3 4 5 

Time policy TlfTle policy 

Scenario 4: H-3600-M Scenario 6: H-2400-M 

€ 1.400.000,00 € 800.000,00 
-- ('1'-1-5-0,05) 

-- ('1'-1-5-0,0S) 
€ 1.200.000,00 r ~ 

--- ('1'-5-5-0.0S) 
--- ('11· 5·5-0,05) 

1 ('11-9-5-0,05) € 600.000,00 -=== ·~ - -.:----.. 
(\f/-9-5-0,05) - € 1.000.000,00 . 

~~ ~ !:!:. /'" .. _". ......, K· (~'-13-5-0,05) ~ . ,.. (\f/-13-5-0,0S) 
:; - ....,._ (\f/-1 7-5-0,05) :; 
~ 

€ 800.000,00 

I/ ~ 
~ -........ ----- ('1'-17-5-0,05) 

al al 
€ 400.000,00 

11 ~ > € 600.000,00 > 
e IJ e 
c. c. 
.§ € 400.000,00 .§ 

! 
€ 200.000,00 

{ € 200.000,00 

lf 
€0,00 €0,00 

0 1 2 3 4 5 0 1 2 3 4 5 

Timepolicy Time policy 

Figure 7.5: Sensi tivity analysis to the time-policy and parameter x. 

The effect of parameter y: 
Here, for parameter y the same effect is noticed as for parameter x, small values for y result in smaller improvements. 
However, it can be seen that when the system becomes too responsive the improvements are decreasing again. This is 
caused by the fact that the extra transfers are not generating extra sales. Moreover, some stores are becoming too 
empty (too little choices per colour). Therefore, it can beseen that values of 5 and 7 are giving the best result. 

Scenario 15: L-2400-M 
€ 490.000,00 

-+-1 -1-y-0,05 

€ 440.000,00 
.... -- 2-1-y -0,05 

/:;;, / ;tr- - ..:;;__~. 

1/ / ---...-: ~ 3-1-y-0,05 

~ 
€ 390.000,00 

llf "----J 
---- 4-1-y-0,05 

:; -llf- 5-1 -y-0,05 
"' € 340.000,00 ~ 

/I/ al 
> 
2 € 290.000,00 0.. 

I/ .§ 

€ 240 .000,00 

I € 1 90.000,00 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 

y- value 

Figure 7.6: Sensitivity analysis to parameter y 
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The effect of parameter Ll: 
Small values for parameter delta result in more transfers. This makes the system more responsive. However, when the 
system is too responsive the extra transfers are not resulting in extra sales. The results for values of 0,05 0,10 and 0,15 
are almost the same, because the costs of a shipment are much smaller than the extra revenues of an extra sale. 

Scenario 15: L-2400-M 

€ 500.000,00 l-- 3-5-5-delta 

€ 400 .000,00 ---~ ~ ;; € 300.000,00 
"' ~ 

~ 1: 

"" ~ € 200.000,00 
R ~ 

8 ... ~ 

~ 
p. 

.§ 
€ 100.000,00 

~ €0,00 

0 0,2 OA 0,6 0,8 1 

!Rit a 

Figure 7.7: Sensitivity analysis toparameter !:J. . 

Condusion 
The system gives for several parameter combinations almost the same result. From the analysis it appears that a policy 
with weekly transfers performs very well (in many cases due to consolidation this results in the best performing 
policy). 
The analysis shows that a responsive system (that is a system that quickly anticipates on incomplete size bows in stores 
with a high potential fora style-colour) will provide the best result due to the given consumer behaviour assumption. 
After all, if the first choice of customer is not available it is well possible that a customer leaves the store without a 
product. 
However, a too responsive system results in redundant transfers, although the systems performance is not strongly 
affected (see i.e. figure 7.6). 
Finally, the analysis showed that there is little variation among the improved results with transfers. Hence, one can 
state that although not every combination of parameters was tested the results are close to optimal. 

7.5 Discussion: Verification and Validation 

Verification refers to determining whether a (simulation) model performs as intended, i.e. debugging the computer 
program. Validation is determining whether a (simulation) model is an accurate representation of the real-world 
system under study (Law and Kelton [21]). 

Verification: 

For the verification the program has been run under simplifying assumptions that can easily be checked. The 
verification procedure consistedof the following tests: 

1. A test whether transfers happen as intended. 
2. A test whether a removal of a style-colour happens as intended. 
3. A test whether the choice tables are working as intended. 
4. A test whether the rustomers arrive at the stores according to the given sales percentages and that colours and 

sizes are assigned to these customers according to the given colour and size percentages. 
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According to the tests the simulation performs as intended. Based on these tests the basic processes of the simulation 
seem to work. Additionally, the simulation results do not show any abnormalities that would induce the suspicion that 
the model does not work as intended. 

Validation: 

There are two main aspects where the modeled system differs from the real-world system. These aspects are the 
replenishment process and the modeled consumer behavior. 

The transfer and replenishment process: 
• In the modeled system transfers and replenishments happen without any mistakes. Every order is executed as 

it is supposed to be. In practice however shipments are executed by humans and these will make mistakes. 
Therefore, the performance of the system will in practice be lower when transfers are included. 

• Additionally, the simulation model does nottake back orders into account. When a product is not available the 
customer will not order it in the simulation model. The result of transferring would probably have been lower 
when this would have been taken into account. 

• Finally, the assumption is made that a box has enough capacity to carry all the products readyfora transfer. In 
practice it is possible that a second box needs to be sent. 

The consumer behaviour: 
• The customer behavior model is hypothetical and modeled according the assumptions of experts (complete 

size bows have a positive effect on sales).lt doeshowever nottake factors into account such as staff 
interven ti on. 

• The percentages for making a choice are hypothetical and are used to measure an effect. In this way the 
performance of the model can differ from that of the real world. 

However, the results appear to be similar with the real world system. First of all, the lostsalespercentage in the case 
without transfers is roughly 25-30%, which corresponds with the real-world system. Secondly, the low initial allocation 
scenario (although this is quite an extremely low allocation, because every SKU has an Order-Up-To-Level of one) 
performs better without transfers. This corresponds with the low sales rate of Fashion Brand and the high supply 
performance. 
Nevertheless, it also appears that the high initial allocation with transfers performs better than the low initial allocation 
scenario. Hence, due to the low Order-Up-To-Levels somesales were lostand should have been higher. Consequently, 
notall Order-Up-To-Levels need to be set on 1 (especially size 375). 

7.6 Summary 

In this chapter a simulation model was build for the examination of the performance of a system with transfers. 

The simulation model was based upon the situation of Fashion Brand and consumer behaviour was modelled with an 
emphasis on rustomers that browse for an attractive style. This was given by the assumption that incomplete size bows 
would generate lost sales. 

Several scenarios were investigated and it appeared that a weekly transferring procedure performed well. 
Furthermore, improvements from 5 until almost 15 % were measured. In addition a system with responsive settings 
(that is a system where style-colours are quickly removed and allocated to stores with a high potential for a specific 
style-colour) provides the best result. 
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8 Conclusions and recommendations 

8.1 Condusions 

In this research project the hypothesis has been investigated whether transferring could be beneficia! for Fashion Brand 
on a continuous basis. The hypothesis was based on two factors; the first factor was that Fashion Brand always had to 
deal with unknown potentials per style-colour per store and that some stores just had a too low potential for selling all 
productsin a style-colour. The second factor recognised the fact that complete size bows would stimulate sales. 

As result of this a concept for transferring products was designed. The concept has been translated into an automatic 
planning process and execution process. 

Basedon the current situation of Fashion Brand, with the given concept and assumption about size bows a simulation 
model has been developed. The simulation proves that transferring is beneficia! for Fashion Brand on a continuous 
basis. Under several scenarios improvements of 5 till almost 15% were measured. Therefore, we can conclude that it is 
wise to transfer products on a continuous basis by means of an automatic transfer process. 

From the simulation it also appears that very 'responsive' parameters provide the best result. With very 'responsive' 
parameters the focus of the system lies on maintaining complete size bows in the stores. Hence, the removal of a style
colour in the supplying store happens relatively fast. However, this induces the risk that stores become to empty, less 
'responsive' parameters will prevent this. 

Conclusively, due to the given customer behaviour maintaining the completeness of size bows in a store reduces lost 
sales. This incites from a replenishment focus on SKU-level towards one focussed on entire style-colours. 

Summarized we can state the following: 

• The presented concept very clearly outlines the order phases of a style-colour and evidently presents a 
methodology to increase size bow completeness by means of an automatic process. 

• According to the simulation incorporating transferring is very wise in cases with: 
o a low substitution factor, 
o a high initia! allocation 

Based on the simulation introducing the decision model with transferring is recommended for Fashion Brand. 
However, due to internal affairs within Fashion Brand implementation has not been possible yet. Therefore, the 
following recommendations are made for Fashion Brand. 
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8.2 Recommendations for Fashion Brand 

Implementation of the decision model will have a lot of impact on the entire organization of Fashion Brand. The 75-
framework of McKinsey [2] is used to give an overview of the consequences of the model. The 75-framework is a 
combination of factors all starting with a 5., which are responsible for the functioning of an organization. The 75-
framework is often used as a checklist for the analysis of an organizational problem. 
Charaderistic in the McKinsey 75-framework is the following: 

• If one of the 75-factors is going to be changed all the other factors will change directly or indirectly too. 

This means that a new adapted replenishment and transfer system not only influences the 5 of systems but all the other 
6 5' s of the framework too. Below recommendations for these changes are described. The 75-framework is depicted in 
figure 9.1. 

~- --- j _____ , ________ ~ 
C/-~ ' /~ 

Figure 9.1: The 75-framework of McKinsey [2) 

Systems - refers to procedures and information systems used for the execution of the primary processes of the 
organization. The focus of this research project was the change of the current procedure for replenishments and 
transfers. The planning process needs to be adapted into the system of Fashion Brand. Furthermore, a strict execution 
procedure (time, quantity or time-quantity policy) needs to be chosen. Basedon the chosen procedure picking orders 
are generated and can besent to the DC and stores. Extra attention to the actual execution is especially a necessity for 
the stores, because store managers do not attach much importance to this. One can think about extra control 
procedures to examine this. 

Strategy - refers to the long term direction and goals of the organization. Mostly a company' s strategy is based on a 
mission statement. In the mission statement the vision of a company is described in one or two sentences. In Fashion 
Brand' s case the mission statement is translated in the pay-off "your size our strength" . The implementation of the 
decision model will increase the completeness of size bows of available style-colours. Therefore, it helps to improve the 
following strategie direction: 

• The availability of products 
• The image of the company 
• The performance of the supply chain 

It is recommended to communicate the effects of the decision model with staff on all levels. 

Structure - refers to the actual organizational structure with formal and informal communication lines. The 
implementation of the decision model will have significant impact on the functional relation between the store 
managers and the merchandisers. The formal hierarchical structure does not need to be changed, but the decision 
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model will give merchandisers more information about the execution of transfers. Formerly, it could happen that 
picking orders for transfers were neglected. However, it is very important that store managers send products back as 
ordered to do so. Process discipline needs to be maintained, which asks for more control from the merchandisers. 
For that reason it is important to describe the functionalline between merchandisers and store managers in termsof 
tasks and responsibilities. Change always creates resistance. 

Skilis- refers to all the knowledge and campetences (technica! and marketing) of an organization to fulfill its primary 
process. The strength of Fashion Brand is selling a variety of products in as many sizes as possible. The new system 
will give support to this in the way that the available style-colours are as complete as possible. It is however possible 
that due to the new system some stores are becoming to empty. This needs to be prevented and therefore carefully 
monitoring the entire stock in stores is recommended. When the situation occurs that stores are becoming to empty 
one should take manual actions or change the parameters of the decision model (less responsive). 

Staff - refers to the formal and informal way of selecting, educating, evaluating and appraising personnel. Evaluating 
and appraising personnel on the performance of the entire supply chain instead of a sub part, will contribute to the 
willingness for imptementing the decision model (because it is focused on optimizing the throughput of the entire 
chain). Additionally, it is recommended that staff is being evaluated on process discipline. Transfers have to be 
executed when ordered to do so. 
In the selection of personnel one can emphasize on team players (i.e. store managers that are willing to cooperate 
insteadof focusing on their own store). It is recommended that this is also being educated. 

Style - refers to the way of directing and organizing. The biggest challenge is organizing the collaboration between 
store managers and merchandisers. It will take effort to establish this. It is difficult to say whether this needs to happen 
in a participating or in a more autoeratic way. 

Shared values - refers to the culture of an organization. Sharing values as willingness to cooperate and process 
discipline are necessary for a successful implementation and execution. It is recommended that these values are spread 
through the entire organization, because it will also contribute to successfulness in the long term. 

The recommendations concerning the implementation are brief, due to the fact that Fashion Brand prioritizes on other 
issues in its organization. As a result of this collaboration with Vivacadena is limited, this has constricted the 
implementation of the model. Consequently, the implementation is lirnited to a simulation. However, as soon as these 
issues are resolved one can start concentrating on the implementation of the model. The results of the simulation 
model can support the implementation. 

8.3 Recommendations for Vivacadena 

Recommendations for implementation at Fashion Brand 
For Vivacadena it is recomrnended that it monitors the process discipline of Fashion Brand and that it assists in the 
implementation of the model. 
Furthermore, Vivacadena could adjust it performance metrics. Currently, lost sales are measured per SKU. Hence, per 
SKU average demand is observed and when a stock out occurs the average demand is translated to a lost sales 
percentage. However, due to the correlation of sizes one can also measure lost sales per style-colour. Hence, instead of 
using the average demand per SKU one can switch to using the average demand per style-colour. This can then be 
translated to an average demand per SKU (for instanee via formula 5.12 and 5.13) 

Recommendation for implementation at other companies and branches 
The developed concept and decision model are specifically made for Fashion Brand. On the other hand, it is possible to 
adjust the concept and model for other companies from different branches and fields. 
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Conclusions and recommendations 

The following charaderistics made transferring appealing for Fashion Brand: 
• Low transportation costs compared to the sales price of products. 
• Low order lead times 
• Stores with differing sales potential 
• The emphasis on complete size bows 

lt is worth to examine the effect of transfers, when these characteristics are apparent within other companies or fields. 
A close examination of the charaderistics of these companies is therefore recommended. For three branches the 
potential of transfers is discussed and recommendations are made. 

• Fashion retailers; here, many SKUs face a similar demand pattem as for Fashion Brand. However, not all 
fashion retailers have the same amount of SKUs in a style-colour as Fashion Brand. This makes it more difficult 
to make transferring decisions. For this branch it is recommended that the proper estimates for the probability 
of selling a unit are used. 

• Computer hardware distributors; transferring can be extremely valuable over here, because products are often 
very valuable and the value of products decreases rapidly. Moreover, products are often relatively small, 
which causes relatively low transportation costs. For that reason transferring is recommended for this branch. 

• Fast Moving Consumer Goods (FMCG); for FMCG transferring is less recommended than for the former two 
branches. First of all, products are not very valuable and relatively large, which increases transportation costs. 
Moreover, FMCG are considered as NOS items, so the DC does not become empty. The focus should therefore 
be on a proper replenishment strategy from the DC. One can consider transfers when stock outs quickly need 
to be resolved. Therefore, local pooling (Tagaras [31]) is recommended because only nearby stores are able to 
respond quickly enough. 

General recommendation 
Finally the last recommendation for Vivacadena, evolving from this research, is the switch of having a focus on SKU
level to a replenishment focus on style-colour level or even style level. The research showed that decisions regarding 
transfers had to be taken on style-colour level. The SKU-level gave too little information for proper transfer decisions. 
It is therefore recommended that both perspectives are taken into account for future projects. 

8.4 Recommendations for further research 

• The simulation model assumes that customers only want to buy a specific colour and that they make a certain 
choice based upon the available styles-colours in that colour. The reason for this is the emphasis of Fashion 
Brand on the completeness of size bows of the available style-colours. However, in other companies the focus 
can be more toward customers who want to buy a specific product, independent of the available style-colours. 
lt is worth to examine this effect for future projects. 

• The current simulation model does not take back orders into account. Further research could be focussed on 
the effect of back orders. 

• The redesign applies complete-pooling, which means that every store receives from and delivers to every other 
store in the supply chain. Previous studies (i.e. Tagaras [31]) showed that complete pooling performs better 
than local pooling, where only several groups of stores share products with each other. lt is however 
interesting to examine the performance of a local pooling strategy (where stores are sending products directly 
to each other instead of via the DC). 

• The simulation assumes that every customer has the same expectation about the available products in the 
store. However, it is well possible that customers with a small size or a special colour are more flexible than 
customers with a regular size and colour. It is possible to incorporate this in the simulation model in order to 
examine this effect. 
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List of definitions 

List of definitions 

Added value 

OBM 

oe 

Initial allocation 

Fashion products 

Inventory turns 

IVO 

NOS products 

On hand stock 

Product group 

Product life cycle 

ROl 

Scarcity 

Season 

Size bow 

SKU 

SKU-location 

A system, model or decision has added value when it increases the ROl of the supply chain. 
Hence, it makes a supply chain more profitable. 

Oynamic Buffer Management, the inventory management system of Vivacadena. This is a 
Periodic Review, Order-Up-To-Level system which adjusts the Order-Up-To-Level 
automatically to demand and the replenishment performance of the supply chain. 

Oistribution centre; from the OC products are delivered to the stores. 

Ouring the initial allocation products are divided among the stores and the OC. The initial 
allocation also takes the size bow into account. It is a trade-off between allocating products to 
the stores and keeping them in the oe.. 

Apparel that is produced and bought only once fora particular season. Ouring the PLC of a 
fashion item no replenishments from the external manufacturer take place. 

Measurement for the number of times the inventory is sold during a year. 

Inventory Value Oays; measurement for over stock. 

Items that are produced more then once. These itemscan be bought and replenished during 
the season. 

Stock that is available in the store 

Fashion Brand has several product groups. Underwear is the most important one. 

PLC; The conditions under which a product is sold will change over time. The Product Life 
Cycle refers to the several stages a product goes through. 

Return On Investment, performance measure of a supply chain 

Situation in which one store has to deal with under stock but replenishments from the OC are 
not possible because the product is not available and will not be produced anymore. 

Fashion products corresponding to a specific collection and are bought for a specific sales 
season. 

The distribution of sizes of apparel. In general there are more medium sizes than extra large 
sizes. Complete size bows stimulate sales. 

A piece of garment with one size and one color. 

The combination of a specific SKU with a specific location. 
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SOQ 

Style 

Style-colour 

TOC 

Toleranee time 

Transfers 

TVD 

List of definitions 

Suggested Order Quantity; the discrepancy between the inventory position and the ideal stock 
levelS. 

A style consistsof a group of SKUs with multiple sizes and colors. 

Part of a style, refers toa specific colour. 

Theory of constraints; management philosophy focused on one goal, the generation of cash. 
According to this philosophy each organization has at least one constraint preventing it from 
achieving a higher performance regarding the goal (generating cash). 

The time a customer is willing to wait for receiving a product. 

The replenishment of a store out the stock from another store. 

Throughput Value Days; measurement for under stock. 
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List of variables 

List of variables 

i,j 

k 

A 

T 

Cr 

J e,i ,r-l ,k 

S A,i ,r 

% ti 

x 

y 

Ll 

a 

index for stores (i = 0 refers to the DC). 

index for customers. 

indexfora SKU. 

indexfora style-colour. 

indexfora period (days). 

the end of the life-cycle of a style-colour. 

A stochastic variabie for the number of sales of SKU kin period T at location i. 

The unit costs of a transfer 

Inventory position at he end of period 't in store i of SKU k 

The nurnber of sales of style-colour A in store i in period 't. 

Estimate of the potential of style-colour A in store i at the beginning of period 't. 

Estimate of the potential of SKU k in style-colour A in store i at the beginning of period 't. 

the percentage of all products sold with size k in store i. 

more than x units have to be soldof style-colour A in the receiving store for makinga pro-active 
transfer. 

less than y units have to be sold in order to allow a pro-active transfer from the supplying store. 

the probability difference of selling a unit of a product in the receiving store i and the supplying store 
j. 

each a days a box with products can be transferred from a store to the DC. 

minimum number of units that have to be assigned for makinga transfer (for the quantity policy). 
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Appendices 

Appendix A: the (R, S) - system 
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Figure A.l: Example of a (R, S) - system 

Appendices 

The control procedure of a (R, S) - systern is that every R units of time enough is ordered to raise the inventory 
position up to level S. 
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Appendix B: decision tree 
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Figure B.l : decision tree of Vivacadena 
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Appendix C: store overview 

Store # Sales 
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Table C.l: overview of all stores 
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Appendix E: demand distribution 

An analysis to Fashion Brand's demand has been carried out according to Agrawal and Smith [1]. For every SKU
location weekly demand is examined (NOS and Fashion). The examined period is three months (from 1-6-2005 until S-
9-2005). Only SKU-locations with units on hand at 8-9-2005 are taken into account, because forthese locations we 
measure true demand. 
The analysis was conducted in Statgraphics Centurion XV. The result is depicted by the figure and tables below: 

(X1~d 
0 

8 
>. 
(.) 
c:: 6 
Q) 
::I -tl-
0"' 4 
Q) 
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Frequency table of weekly sales 

1,5 3,5 5,5 7,5 

# of sales per week 

·- Distribution 

,-
9,5 

o Negati\e Binomial 
>< Poisson 

- f\brrnal 

Figure E.l: Frequency tab ie of the # of sales per SKU Jocation per week 

T bi E OU S dT a e .1: _,quare est 

Negative Binomial Poisson Normal 
Chi-Squared 10952,5 10121,0 

D.f. 2 1 0 
P-Value 0,0 0,0 < 

Tab ie E.2: Fitted Distributions 

Ne~ative Binomial Poisson Normal 
event probability = 0,97221 rnean = 0,0285844 rnean = 0,0285844 

nurnber of successes = 1 standard deviation = 0,198479 

The Chi-Squared test 13 shows that the negative binomial and the Poisson distribution both are rejected (P-value < 0,05). 

13 See for an elaborated explanation about the Chi-Squared test Montgomery [21] page 321. 
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Appendices 

Appendix F: stationary demand 

An important issue involving the transfers of products is whether or not the level of demand is fixed over time. So, in 
other words, is the chance that a product is being sold the same in two periods with the same horizon? Or, is the 
probability that a product will be sold declining over time? After all, the products discussed in these paragraphs are 
fashion items. The stationary character of demand will be examined in this section for fashion items in the first season 
of 2005. 

Methodology 

In the analysis we assume that demand equals sales as long as there is stock at the end of the examined period fora 
particular SKU. Furthermore, we want to besure that the product is available at the beginning of the examined period. 
This will checked by sales before the examined period. So, if we want to be sure that a SKU really is available at the 
beginning of the period, we look if a sale from the same style-colour took place. If not, the product is not taken into 
account for the analysis. The analysis is done for two periods, which is represented by the figure below. 

Case 1 
3/6/2005 - 3/20/2005 

.... ~··: - ....... .... 
211/2005 3/1/2005 4/112005 5/1/2005 6/1/2005 

1/1/2005 6/30/2005 

Case2 
3/20/2005 - 4/3/2005 

211/2005 3/1/2005 4/1/2005 5/1/2005 6/1/2005 

1/112005 6130/2005 

Figure F.l: Case studies of decreasing demand 

The first case examines sales over two periods of 4 weeks. Sales are only counted in these periods if a sale of the same 
SKU took place in the period from the first of January till the 6th of March (depicted with first sales). And, for these 
SKUs stock needs to be left at the end (15 May). Then there is also a buffer of two weeks between these periods. The 
buffer ensures that very new products are not taken into account. Products that were recently introduced may have 
different characteristics because they are specially promoted. Moreover, transfers mostly take place after a few weeks. 
The second case serves as a check to validate the data found in the first case. 

Result case 1 

The above results in the following sales graph below. At a first moment it seems that the demand is constant over time. 
If we look at the amount of products sold in the first period and in the second period we see a difference of 215 
products. In the first 4 weeks 2132 products are sold and in the second period 1917. This gives a 10% decline in 
demand over 4 weeks. The decline in sales can be explained by a number of reasons. First, demand declines slightly 
over time. Secondly many products belong to an entire style. Over time the entire style will become smaller. This will 
also have its effect on sales. Thirdly, the examined products are substituted for newer products. During the season new 
products are constantly introduced. Many new styles are introduced in week 15. These sales will reduce the number of 
sales of the older styles that are taken into account in this analysis. 
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Figure F.2: Stationary demand of Fashion items 
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61712005 

The second case gives a similar result. However, in the later period there are two days were almost no products were sold. 
This is probably caused due to a National holiday. So, this needs to be taken into account when one compares the two 
periods. Therefore, a Monday and a Thursday will be removed from the dataset (respectively 10 April and 13 April). This 
gives a total of 2638 products sold in the first period and 2155 in the second period. So, the difference in demand between the 
two examined periods is 483 products. The decline indemand in this case is 18%. 
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Appendices 

Condusion 

The analysis to the stationary character of demand shows that demand declines over time. The decline can however 
have several reasons. 
Firstly, the number of possible sets decreases. The analysis does not take into account the correlation with other 
products. More possible sets per store increases the likelihood of a sale. This is probably the most important reason for 
the small decline in sales. 
Secondly, during the season more and more products are introduced. An increase by substitutes will reduce the 
demand of older products. 
Thirdly, there can be a natura! decline because products are not that popular anymore. 
Fourthly, after a product is soldit is not clear when it is replenished by the DC or from the backroom. lt is well possible 
that in some periods a SKU was not available. 
And finally, the latter weeks are just before the sales period. The lower sales in this period can be the result of a pre
promotion dip. This is mainly caused by the decline in possible sets. 
The analysis does not show a very strong decrease. The decrease is probably caused by the decline in possible sets. So, 
it seems that the products are not very fashion sensitive. Therefore, demand is assumed to be stationary. 
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I Slzes I 

,---
270 

I--
275 

1--
280 

I--
375 

I--
380 

1--
385 

I--
475 

I--
480 

1--
485 

I--
575 

I--
580 

I--
585 
~ 

Stores 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 19 20 21 23 24 25 

1 1 1 1 - - 1 - 1 1 1 - 1 1 -
- 3 - - - 2 - 1 1 1 1 1 2 1 - 1 - 1 -

- 2 - 1 - - - - - 3 1 - 1 - - - 2 -
- 1 - 1 1 1 1 1 - 1 1 1 1 1 - - 1 1 

- - 3 - 2 1 - 1 - 1 1 - - 2 1 - - 1 2 -
- - 1 1 1 - - - - 2 - 1 1 1 1 1 1 1 2 1 

2 1 3 - 1 2 - - 1 - 4 1 2 - 1 1 1 1 1 1 

1 3 1 1 3 1 1 - 1 3 1 2 - - 1 - 1 1 1 -
2 1 1 - 2 1 2 1 2 1 1 2 - 2 - 2 1 2 1 1 2 2 

1 - 1 1 - 1 1 - 1 - 1 1 1 1 - 1 1 - 1 - 1 -
1 1 - 2 2 1 1 1 - 1 1 2 2 1 - - 1 1 1 - 2 -
- - 1 1 - 1 1 - 1 1 - 1 1 1 1 - 1 1 1 

Stores 

42 43 44 46 48 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 66 67 69 

- - 1 - 1 1 1 - - - - 1 - 1 - - 1 1 - - - 1 

- 1 - - - 1 - - - - 1 - 1 - - 1 - - - -
1 2 - - - - 3 1 - 1 - 2 - - 1 - - 1 -
- 1 1 1 - - 1 - 1 1 1 1 1 1 1 1 1 - 1 - 1 

- - - 1 2 - 1 2 - - - 1 2 1 - - - - - - -
- - - 1 1 1 - - 4 - - 1 1 - - - - - 1 1 2 

2 1 1 1 2 1 1 1 1 - 1 1 1 - 1 1 1 1 1 1 1 1 2 

3 2 1 - 1 2 - - 2 1 2 1 1 1 1 2 - 2 1 2 1 2 1 

2 2 1 1 - - - - 5 2 - 1 1 - 2 - 1 2 1 1 1 

- 1 1 - 2 1 2 1 1 1 1 1 1 2 1 2 1 - 1 1 - 1 

1 - 1 1 2 2 1 1 1 1 - - 1 2 1 1 1 1 1 1 - -
- 1 1 - - 1 1 - 1 1 - 1 - 1 - 1 1 - 1 1 1 

Table G. l : # of units per size for style 'Mul' per store 

The tab ie shows for style 'Mul' (for the white colour) the # of units leftin each store per size at 8-9-2005. One 
can see that often some stores are holding 2 units while other stores hold nothing. Th is shows that products 
can be allocated in a better way. 

26 27 28 30 31 32 34 

1 1 - 1 1 -
1 - - - - 1 -
- 1 - - - - 1 

1 1 1 1 1 1 1 

- - - - 1 - 1 

1 1 - 1 1 - 1 

1 - - 1 - 1 1 

- 2 1 1 2 - 1 

1 - 2 1 2 1 1 

- 1 1 - - - 1 

1 1 - 1 1 1 1 

1 - 1 - 1 - 1 

70 71 72 73 74 75 76 

- - 1 - 1 -
- - - - 1 - -
- 1 - - - - 1 

- - - - 1 1 -
2 - - - - -
2 1 1 1 1 1 1 

1 1 1 1 1 1 1 

1 - 2 - 2 2 -
- 1 1 1 - 2 1 

1 2 2 1 2 1 1 

1 - - 1 1 -
1 - 1 1 - 1 1 

36 37 38 

1 1 

-
1 

- - -
- - 1 

2 2 1 

2 1 1 

- 1 -
2 2 1 

1 1 

- 2 1 

- 1 1 

77 79 81 
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1 2 -
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Appendices 

Appendix H: the lead time of transferring a product over the DC 

Figure H.l shows the lead time of a transfer. For instance, when a product is transferred from a random store on 
Monday, the product arrives at the A++ store on Wednesday morning (when the distribution goesover the DC). 
The product is picked on Monday morning in the store - it arrives at Tuesday morning in the DC - it is also picked for 
A++ on Tuesday- and it arrives at Wednesday morning in store A++. 
The redistribution day is the day that a product is returned to the DC. Below the redistribution day one can find for 
each store class on which day the product becomes available again. 
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Figure H.l: lead time of a transfer 
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I S~es I Stores 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 16 17 18 19 20 21 23 24 25 26 27 28 30 31 32 34 36 37 38 40 41 
-

270 2,02 1,57 2 ,10 2 ,69 2,25 1,51 1,75 2,42 2,20 2,01 2,03 1,59 1,64 1,09 1,83 1,60 1,52 1,95 1,45 1,73 1,51 1,90 2,15 1,68 1,92 1,52 2,23 1,06 2,17 1,95 1,86 1,81 1,50 1,28 1,75 
-

275 6,29 4,91 6,35 6,64 6,08 5,53 6,30 5,21 6,46 6 ,39 4,95 5,37 6,31 4,99 5,41 5,11 5,96 6,64 6,91 6,24 8,06 6,47 5,58 5,64 5,60 6,54 6,46 5,37 5,48 5,88 5 ,66 6 ,04 5,09 5,64 6,15 
-

260 3,56 3,57 3,29 3,85 4,32 3,50 3,99 3,78 2,64 2,75 2,45 3,36 3,31 3,68 3,24 2,77 3,57 3,98 3,82 3,34 5,18 3,01 3,54 3,93 3,99 4,07 3,32 3,06 4,54 4,28 3,28 3,97 2,90 2,96 4,15 
-

375 17,58 14,31 19,01 16,92 13,32 15,33 16,17 15,87 15,83 16,93 13,00 17,45 17,00 11 ,03 16,09 13,90 18,49 15,68 16,45 17,86 18,34 18,34 17,54 18,34 17,31 15,73 18,95 15,60 17,74 14,81 15,66 14,46 14,74 14,59 16,68 
-

360 11,69 12,05 12,07 11 ,86 13,14 12,13 12,21 11 ,89 11 ,14 11 ,85 11 ,68 11 ,55 13,06 12,44 10,48 11 ,24 10,62 12,14 12,35 10,83 13,39 9,68 13,68 9,68 12,97 11,76 12,40 14,61 12,73 12,45 10,44 12,27 12,95 13,41 11 ,50 
-

365 4,33 5,79 4,37 4,85 3,95 5,36 4,72 4,52 4,97 5,31 4,33 4,31 4,65 5,22 4,85 4,98 5,09 4,20 5,30 3,19 5,33 3,50 4,89 3,50 4,24 4,77 4,50 5,50 6,91 6 ,12 4,69 4,13 5,41 4,88 4,58 
-

475 13,15 10,86 12,76 10,75 11 ,44 11,57 10,86 12,98 11 ,43 10,66 11 ,26 12,63 12,83 10,53 12,31 12,01 11,84 12,37 12,07 14,29 11 ,08 13,19 11 ,09 13,19 12,01 11 ,29 13,34 12,32 12,86 11,70 12,44 13,28 12,07 11,13 11 ,67 
-

480 10,09 10,94 10,00 9,12 10,77 9,90 10,13 10,39 11,43 10,03 10,55 10,33 10,66 9,08 9,80 11,11 9,70 9,28 10,45 10,01 9,19 9,64 11 ,60 9,64 9,59 9,97 10,43 10,20 9,75 10,64 9,39 11,15 10,53 10,75 10,41 
-

485 4,27 7,18 5,39 4,16 7,06 6,19 6,20 5,48 6,96 5,38 5,18 5,30 4,29 6,76 5,94 5,97 5,35 4,30 5,72 4,74 5,14 6,47 5,76 6,47 5,65 5,79 4,85 6,53 7,24 6,60 6,15 5,97 6,43 5,87 5,23 
-

575 7,87 6,06 6,17 7,12 5,64 7,39 7,39 7,60 5,48 6,35 9,80 7,98 7,81 7,40 8,69 8,02 7,88 7,98 6,91 8,05 6,58 7,29 6,60 7,29 5,40 7,04 6,58 6,47 3.93 6,60 8,29 6,96 5,71 6,58 8,15 
-

580 7,22 8,71 6,31 7,75 7,48 7,61 7,49 7,37 6,46 7,95 8,90 7,32 7,53 8.81 7,77 8,23 8 ,05 7,55 6,75 8,32 5,41 7,87 6,71 7,87 7,21 8,32 6,94 6,53 6,91 7,08 7,46 7,66 7,99 8 ,08 7,15 
-

585 4,47 5,76 4,60 4,53 6,02 4,96 6,01 4 ,35 6,53 6,02 5,32 4,57 4,52 6,13 4,63 5,11 5,09 4,16 4,49 3,54 4,64 4,53 4,45 4,53 5,40 5,29 3,91 5,15 4,47 4,99 5,85 5,15 5,77 6,37 4,37 
-

675 2,71 2,64 2,34 3,74 2,13 2 ,71 1,95 2 ,95 2,20 2,15 2,73 2,77 2,05 3,72 2,65 3,60 2 ,70 3,57 2,37 3,10 1,55 2,14 2,12 2,14 3 ,13 2,87 2,50 2,35 1,42 1,98 2.87 2 ,70 2 ,38 2 ,18 2,80 
-

680 3,03 2,92 2,62 3,32 3,10 3,39 2,28 3,09 3,19 3,19 3,44 2,80 2,07 4,27 3,62 3,14 1,61 3,33 2 ,96 2,58 2 ,00 3,34 2 ,19 3,34 2 ,72 2,45 2,23 2 ,48 2,10 2,67 3,80 2,48 3,39 3,60 3,22 
-

685 1,72 2,53 2,61 2,69 3,10 2 ,93 2,54 2 ,09 2,91 3,04 4,38 2,70 2,27 4,86 2.69 3,22 2,52 2 ,88 2,01 2,17 2,36 2,64 2 ,12 2,64 2,88 2,57 1,35 2,77 1,76 2.22 2,16 1,97 3,13 2,68 2,18 
-

Stores 

42 43 44 46 48 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 66 67 69 70 71 72 73 74 75 76 77 79 81 91 92 
1,81 1,96 1,61 2,42 1,73 3,22 1,19 2 ,15 1,72 1,33 1,70 1,65 1,70 2,36 1,65 1,85 1,59 2 ,04 3,41 2,74 1,68 1,55 1,65 2.05 1,54 1,70 2,28 2,75 1,79 1,79 1,59 1,50 2,72 3,07 2 ,15 

5,53 7,41 5,70 5,06 5,77 6,35 5,32 6,13 6,35 6,02 6,00 4,82 6,04 7.61 7,17 5,23 5,55 5,42 5,93 6,04 5,36 6,30 4,65 5,78 6,34 4,97 7,07 6,43 5,29 5,29 5,40 6 ,20 6,74 6,53 6,12 

3,14 3,04 4,57 4,19 3,58 3,77 3,28 3,11 4,20 3,80 3,90 3,02 3,36 6,70 4,20 4,61 4,02 3.24 4,18 4,53 4,12 4,71 4,20 4,45 3,96 3,00 3,18 2,09 3,98 3.98 3,77 3,72 4,06 3,87 4,35 

16,28 15,05 15,67 15,29 14,71 14,93 11 ,49 16,78 16,47 16,98 14,98 15,77 16,32 18,39 17,21 15,29 15,57 16,33 18,31 16,83 13,92 14,64 14,17 14.25 12,90 13,16 15,23 18,40 13,72 13,72 13,93 15,07 22,12 19,72 17,26 

11 ,83 11 ,14 13,35 11 ,82 9 ,82 11 ,89 9,55 12,35 13,67 12,05 10,78 14,31 10,92 12,68 12,85 13,88 12,49 11 ,35 13,74 13,59 11 ,61 13,47 13,68 12,71 13,71 11 ,49 10,07 9,95 11 ,25 11 ,25 10,75 12,70 12,57 12,98 13,10 

3,77 4,66 5,17 5,55 5,27 5,40 3,63 4,71 5,60 4,76 5,02 4,85 5,36 4,08 4,47 7,34 4,46 4,02 4,48 5,31 4 ,39 7,51 6 ,48 6,35 7,91 4,78 4,27 2 ,64 5,81 5,81 5,40 6,35 3,31 3,57 3 ,87 

14,13 13,45 11 ,62 11 ,37 9 ,95 10,44 12,53 11 ,25 10,17 12,64 10,64 11 ,45 11,48 14,86 13,80 10,11 11 ,50 12,17 11 ,78 10,46 11 ,44 10,15 13,23 10,19 7,80 11 ,01 10,85 16,31 10,54 10,54 10,96 10,51 15,25 15,26 12,28 

9,33 10,35 9,94 9,71 10,75 9,57 11,93 8,82 9,90 10,27 11,58 10,98 10,54 8,33 10,42 11 ,16 10,96 11 ,04 10,33 10,68 9,22 10,88 10,46 10,45 9,45 11 ,23 9 ,54 8,57 11 .73 11 ,73 12,59 9,78 8,64 9 ,72 9,56 

4,93 5,66 6,67 8,08 5,90 8,72 6,07 7,18 5,60 5,59 5,58 6,36 5,70 4,35 5,79 6,90 7,09 5,01 4,74 6,32 5,63 5,57 6 ,79 6,96 7,88 6,30 4,42 3,61 6 ,40 6,40 6,61 5,22 4,27 3,92 5,54 

8,72 7,27 5,06 7,63 7,80 6,22 9,50 7.64 7,80 7,18 6,98 5,63 6,20 5,80 5,88 5,49 8,18 6,41 5,68 5,48 8,87 6,74 4,83 6,42 5,80 7,01 9,06 9,93 7,44 7,44 6,74 6,72 8 ,00 6 ,06 5,35 

7,31 7,16 6,11 7,82 7,92 7,87 8,16 7,32 7,64 7,30 9,31 6,88 8,65 6,61 6,92 6,63 7,88 7 ,84 6,06 7,72 7,05 6,26 5,90 7,47 7,95 10,53 7,97 7 ,13 7,48 7,48 6,86 8.10 5,78 6,17 7,12 

4,45 5,18 5,44 5,4<4 5,90 4,99 6, 17 4,94 4,14 4,50 5,86 7,34 4,72 3,17 3,86 4,92 4,76 5,01 5,55 4,08 4,88 5,48 5,81 5,85 5,91 5,11 5,09 3 ,75 4,57 4,57 6,19 4,01 2,09 3,67 5,45 

3,40 2.66 2,70 2,08 4,09 2,59 4,43 2,51 2,64 2 ,56 2,22 2,52 2,95 1,27 2,16 2,11 2,63 3,48 1,71 1,40 2,57 2,16 1,92 2 ,84 2,30 3,08 3,48 3 ,39 3,62 3,62 2,43 3,94 1,59 2,05 2,77 

2.91 2,67 2 ,70 3,13 3,29 3,45 3,98 2 ,97 2,05 3,05 2,80 1,99 3,21 2,36 2,10 2 ,15 1,88 3 ,51 1,92 2 ,52 5,45 2,20 2,37 2,01 3,65 3,78 4,42 3,22 3,34 3,34 3,47 3,07 1,42 2,03 2 ,34 

2,46 2,35 3,67 2,42 3,54 2,81 2,78 2,15 2,05 1,99 2,66 2,40 2,83 1,45 1,51 2,33 1,44 3,14 2 ,18 2,29 3,81 2,37 3,64 2 ,23 3,11 2,85 3,07 1,82 3,06 3,06 3,31 3,10 1,21 1,39 2 ,72 



>< >< ...... 
>< 

j Sizes j 

r--
Black 

f---
White 

f---
Natur 

f---
Rose 

f---
Beige 

r----
Red 

f---
Turki 

l'r.no 
~ 

Blue 
r----

Pink 
~ 

Stores 

1 2 
19,34 17,46 

18,53 16,27 

11 ,52 13,89 

10,70 1 • . 92 

13,25 10,71 

4,64 6 ,19 

6 ,51 3 ,57 

5,05 •.se 
6,01 6 ,83 

4,46 5,48 

Stores 

42 43 
22,16 20,26 

20,04 17,88 

15,79 13,31 

11 ,04 12,90 

5,98 7 ,57 

6,06 6 ,25 

5,79 5,94 

5,56 6 ,65 

5,60 5,59 

1,97 3,66 

3 4 5 6 7 
17,90 21,92 17,72 19,67 20,51 

19,98 20, 13 15,79 17,23 17,86 

14,06 11 ,67 15,53 15,67 12,79 

9 ,55 14,30 14,89 10,07 10,22 

12,47 9 ,13 9,88 4,57 7 ,49 

5,71 4 ,61 5,26 7,58 8 ,81 

4 ,49 5,64 6,68 6,90 6 ,79 

3 ,81 3 ,57 3 ,98 7 ,27 7,64 

7,71 4 ,33 3,85 6 ,49 3,90 

4,33 4,70 6,42 4 ,57 3,98 

44 46 48 50 51 
18,72 20,26 13,92 16,44 17,41 

17,35 17,86 17,06 13,37 15,50 

12,51 12,87 16,59 16,93 14,99 

11,25 12,87 13,35 9 ,80 15,12 

7,68 8,88 8 ,87 7 ,43 8,n 

7,15 7 ,29 9 ,06 9 ,01 5,08 

8,83 6,99 4,29 7 ,52 8,39 

5,15 8,18 6,n 9,90 9 ,40 

3,68 2,59 3 ,72 2,80 2,80 

7,68 2 ,59 6,39 2,54 2 ,54 

8 9 10 11 12 13 14 16 17 
21,2 1 18,66 18,35 2 1,58 24,23 24 ,43 21,07 23,10 17,79 

15,84 17,61 18,27 16,55 21 ,33 20,95 17,34 19,22 15,84 

13,92 12,69 12,52 11 ,39 12,12 11 ,90 12,97 15,46 12,19 

10,74 14,48 11 ,89 11 ,15 10,04 9,18 11 ,99 9,58 14 ,78 

11 ,33 7 ,01 11 ,81 7,55 6 ,48 6,32 6,97 5,52 7,96 

6,03 8 ,21 5,28 6 ,95 6,40 5 ,39 8 ,91 6,25 7,88 

4,90 6 ,87 5,67 6 ,71 5,01 6 ,20 9,40 4,97 7,39 

6,03 4 ,93 7,32 7 ,91 5,11 5,52 4,54 8 ,1 9 8,20 

5,63 3 ,73 4,49 3 ,12 6,92 6 ,76 3,89 5,28 3,98 

4 ,37 5,82 4,41 7 ,07 2 ,35 3 ,35 2,92 2 ,43 3,98 

52 53 54 55 56 57 58 59 60 
22,39 17,19 21 ,20 19,78 17,91 21 ,11 15,81 20,07 15,08 

17,91 19,38 17,78 21 ,25 19,25 17,06 16,54 18,19 15,68 

11,71 9 ,84 15,73 13,60 13,79 14,68 13,44 15,38 12,68 

10,68 10,47 9,62 10,89 14,15 11,27 11 ,96 10,79 17,74 

6,08 8 ,91 9,17 7,06 4,57 6,90 14,03 9,« 11 ,40 

7 ,92 11 ,72 6,34 6,06 5,64 9,60 7 ,24 5,21 5,48 

8 ,15 8 ,13 6,08 5 ,83 7 ,16 6 ,67 8,94 6,84 4,97 

7 ,58 4,69 5 ,56 6 ,47 6,27 5,32 8 ,12 4,68 6,26 

3,56 2 ,97 6,51 5,06 6,80 4,37 1,48 6 ,15 5 .~ 

4 ,02 6 ,72 2,03 4,00 4,48 3,02 4,43 3,26 5,31 

18 19 20 21 23 24 25 26 27 28 30 31 32 34 36 37 38 40 41 
22,85 20,51 21,05 22 ,15 19,02 21,43 16,36 20,82 18,81 19,05 22,29 20,69 18,4 3 20,35 25,31 20,26 19,27 22,98 22 ,70 

15,24 17,30 19,30 19,30 18,85 20,09 17,43 17,69 18,93 22 ,25 16,63 19,34 20,14 18,20 12,01 17,13 18,61 18,18 17,26 

12,66 16,25 11 ,90 11 ,90 13,17 12,17 12,10 12,51 14,40 15,63 10,12 12,99 12,14 11,49 13,66 15,96 11 ,00 11 ,58 15,06 

11 ,80 9,48 11,97 11 ,97 14,11 10,36 11 ,11 10,36 11 ,31 10,95 12,95 10,35 10,71 13,73 9 ,47 10,28 13,25 10 ,41 9,43 

9,23 9 ,03 10,40 10,40 7 ,75 15,46 11 ,49 15,97 13,10 8 ,39 7,89 9 ,21 11 ,29 9,34 6 ,91 7,94 10,24 9 ,37 8,76 

8,37 7 ,97 5,39 5 ,39 6,80 3 ,45 4.79 4 ,31 2 ,74 5,36 6 ,64 5,44 6 ,00 4,63 6 ,15 5,69 8 ,74 7 ,33 6,19 

5,69 6 ,67 6,08 8,08 6,20 5 ,42 6,54 4 ,53 7 ,38 5 ,76 8 ,94 6,50 7 ,57 5 ,91 5,50 8 ,16 5,26 5 ,61 6,04 

7,83 5 ,57 6,33 6,33 6,02 3,n 7 ,46 3,56 4 ,64 5 ,59 SM 6,95 5 ,43 7,02 4,30 7 ,51 6 ,48 8,44 6 ,11 

3 ,65 4,81 3 ,76 3 ,76 3,96 5 ,57 7 ,46 6 ,26 5 ,24 3 ,71 • . 34 4,83 4 ,00 4 ,95 5 ,01 3 ,64 4,89 3,88 5,59 

2 ,68 2 ,41 3,82 3 ,82 4 ,13 2 ,28 5,25 3 ,99 3,45 3 ,31 3,75 3 ,70 4,29 4 ,39 2,67 3,43 2,28 2.22 2 ,87 

61 62 63 64 66 67 69 70 71 72 73 74 75 76 77 79 81 91 92 
18,09 18,48 18,58 16,70 21,25 20,23 17,26 20,78 23,12 20,70 2,28 16,58 16,73 19,98 20,2 1 22,72 23,48 18,88 15,56 

17,09 15,39 14,03 16,59 17,00 15,40 15,88 15,70 15,05 14,57 7,07 16,58 22,41 19 ,16 18,65 15,17 17,65 18,93 16,54 

12,26 10,97 4,84 12,28 12,50 14,60 13,91 13,57 11 ,35 12,27 3 ,18 18 ,85 14,71 10,22 11 ,72 13,49 14,61 16,42 11,14 

11 ,76 12,00 12,65 16,16 10,25 10,57 13,21 11 ,73 13,82 11 ,72 15,23 12,73 13,85 13,82 13,77 10,29 8 ,87 6,54 13,60 

7,64 11 ,19 9,98 11 ,85 10,88 8 ,97 8 ,28 7,94 7 ,11 5 ,91 10,07 5,33 7 ,94 9 ,52 8,40 5 ,41 8 ,43 10,62 13,02 

10,15 6 ,85 7 ,41 3,88 7 ,88 8 ,28 7 ,10 8 ,59 12,04 14,24 4 ,27 6 ,91 7 ,78 8 ,59 4,49 6,83 6,96 6,28 4,01 

9,35 7 ,44 11 ,78 6 ,14 7 ,25 8,62 8 ,28 6,46 4,92 5,15 10,85 8,49 4 ,82 4 ,18 6 ,84 7,63 7 ,22 7 ,17 6,63 

7 ,14 7 ,66 10,33 6,47 4 ,25 5,98 7,99 7 ,76 5,06 7 ,34 9 ,54 7 ,01 5 ,37 5,11 6 ,74 9 ,49 6,00 7 ,74 8 ,11 

2 ,31 5 ,67 4,74 3,13 2,38 2 ,99 2 ,66 3 ,14 1,23 2,83 4 ,42 2 ,76 2 ,96 4,30 6 ,45 3,64 4,96 4 ,65 5,00 

4,22 4,34 5,68 6,79 6 ,38 4,37 5,42 4,34 6 ,29 5 ,48 9 ,08 4,74 3 ,42 5,11 2,93 5,32 1,83 2,77 6,39 


