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Abstract 
In this Master Thesis an application of Synchronized Base Stock Control will be 

described at ASML. This is done within the context of a newly developed planning 

concept which must help ASML to improve on the current way of working. The 

following limitations must be solved by implementing the complete concept: 

� Limited insight in machine output capabilities given materials and capacities in the 

pipeline 

� Limited insight in impact of demand plan on inventory, commitment and E&O 

� MRP reschedules all planning details at all levels and full horizon, ~20.000 per week 

� Planning of mix flexibility is not supported by planning system 

� Low visibility in supply chain possibilities 

To solve these limitations a new planning concept has been designed. Part of this concept 

is a scenario tool which assesses the possibilities and risks for the future using a set of 

critical materials. Critical materials for ASML are the most expensive items, the items 

with the longest lead times, and the items which cause most limitations to the ASML 

output.  

In the scenario tool a new way of planning is intended to be used to support balancing of 

supply and demand, to show possibilities in output, and to quickly asses which items are 

constraining the output.  

For the new way of planning a few alternatives were selected. For this project the so 

called Synchronized Base Stock (SBS) policy has been used as a starting point in 

developing a scenario planning tool. A few extensions are proposed to make a better fit 

between SBS and the low volume market of ASML. For ASML it can be beneficial to be 

able to create mix flexibility at the costs of not having minimal stock levels. The 

allocation principles in SBS were changed; in the original method the allocation was 

done with percentage of material allocated to the different requirements. In the new 

method allocation is done by picking items one by one for which the order will be 

lowered. Clusters are introduced to be able to translate aggregated forecasts on groups of 

end-items to the components of which they are assembled.  

The proposed SBS+ method is enhanced in the following ways: 

� Allocation of low volume items based on logistical and commercial priorities. 

� Allocation is done at the time a component will be made more specific. 

� The use of cluster demand will enable to use aggregate demand forecasts for a 

horizon further away and end-item demand forecast for the near future.  

� The use of clusters creates extra flexibility which can actively be planned if there is 

uncertainty in the forecast.  

� Capacities are used as a special material type in the planning structure such that 

allocation of material and capacities is done simultaneously.  

In a simulation study the proposed method has been compared with the current situation, 

the current situation with adjusted placement of the CODP and an optimization of MRP 

with Safety Stocks calculation. In this simulation study over 195 periods it has been 

shown that SBS+ outperforms other methods. SBS+ has a better service level compared 

with the optimization model of MRP with equal costs. Compared with the current way of 

working SBS+ can raise service levels with lower inventory investment. This project has 

shown that SBS+ can be the starting point for ASML in developing a scenario tool for the 

new planning concept.  



  



Summary 
ASML is the market leader in the market for lithography machines. These are complex 

machines in a low volume market at which lead times for components and assembly are 

much longer than the customer is prepared to wait. ASML makes detailed forecasts over 

a horizon longer than a year ahead. Based on the detailed forecast a plan is generated in 

the ERP system and using MRP logic the forecast is translated to component 

requirements. Suppliers will receive orders as future requirements exceed total pipeline 

availability. If however the forecast was not correct it might possible that components 

requirements drop. The MRP logic at ASML can then reschedule the due dates of the 

orders at the supplier to a date were the items are currently required. This planning 

concept has some limitations as recognized by ASML management: 

� Limited insight in machine output capabilities given materials and capacities in the 

pipeline 

� Limited insight in impact of demand plan on inventory, commitment and E&O 

� MRP reschedules all planning details at all levels and full horizon � ~20.000 per 

week 

� Planning of mix flexibility is not supported by planning system 

� Low visibility in supply chain possibilities 

These limitations were for ASML one of the triggers to develop a new planning concept 

which does not have these limitations. The new planning concept described a process of 

balancing and slotting, which represent filling and empting the supply chain. Balancing is 

a process in which decisions are taken on how to fill the supply chain. In this process 

demand forecasts and supply chain information is used to determine at which points 

marketing or supply chain management will have to take actions. Possible actions are:  

� Order items according to agreed lead time,  

� Try to get items sooner from the supplier,  

� Try to convince customers to order other machines.  

These actions are determined based on the current forecast and the potential output based 

on the current state of the supply chain. The slotting decision is a process in which 

decisions are taken on how to supply goods to the market. Goods can be supplied to 

different sources of demand. Examples are machine assembly, customer service 

replenishment, and customer service emergency shipments. Within a demand source 

materials need to be assigned to customer orders. The slotting process described will 

determine how to empty the supply chain and supply the market. To facilitate both 

processes a scenario planning tool will be developed in which different scenarios can be 

quickly assessed and determined which actions must be taken.  

The scenario planning tool will use the current state of the supply chain and the demand 

scenarios to assess how to fill and empty the supply chain. To do this the scenario 

planning tool will require a planning algorithm to calculate performance levels and order 

releases. The scenario planning tool can also be used to translate the supply chain data 

into valuable information about material constraints and the output possibilities. An 

algorithm for use in the scenario planning tool at ASML is not ready out of the box, and 

therefore some alternatives are stated which can be a starting point in developing the 

actual algorithm. One of the alternatives is Synchronized Base Stock (SBS). The planning 

logic determines base stock levels for the complete supply chain and synchronizes 



material supply to avoid stock which cannot be used. This project focuses on order 

releases and operational translation of supply chain data. 

To use SBS for the scenario planning tool at ASML some extensions are proposed to 

make a better fit between the low volume market of ASML and SBS. The extensions will 

enable the following new features:  

� Allocation of low volume items based on logistical and commercial priorities. 

� Allocation is done at the time a component will be made more specific. 

� The use of cluster demand will enable to use aggregate demand forecasts for a 

horizon further away and end-item demand forecast for the near future.  

� The use of cluster creates extra flexibility which can actively be planned if there is 

uncertainty in the forecast.  

� Capacities are used as a special material type in the planning structure such that 

allocation of material and capacities is done in one run.  

The first extension is an adjustment of an allocation process implemented in SBS. The 

new process must enable ASML to allocate low volume items to the different demand 

sources. In the original method allocation has been done by allocating a percentage of the 

requested component to each of the requestors. In the proposed method the requestors get 

lowered in their orders such that percentage calculates are taken out of the process. This 

method will ensure the material constraints are not violated and tries to fulfill as much of 

the requested demand as possible. In this extension there is also a possibility to allocate 

based on short term logistical priorities and long term commercial priorities.  

The second part is an adjustment in the synchronization principles. The original SBS 

method makes synchronization possible by adding a new hierarchical structure. This 

structure enables the method to calculate optimal base stock levels. At ASML this 

method will reduce mix flexibility almost to zero. The proposed synchronization method 

uses a different structure inside the model. This method does not lose the mix flexibility 

but will enable to have a synchronized material coordination. This method results in a 

solution which does support mix flexibility over a longer period, but does so at the costs 

of extra inventory. 

The third extension is the ability to use cluster forecast or aggregated forecast. This 

enables ASML to create actively mix flexibility both over a long horizon as over a short 

horizon; again the cost of flexibility is higher inventory. This extension does however 

replace a current method which is even more expensive. 

The last extension is the use of capacities as a special material type. This material type 

has the important limitation that stocks cannot be carried over to a future period. To be 

able to use capacities with this limitation they are modeled only to be used in the 

allocation process. In the allocation process shared capacities are now also allocated in 

the same process such that it does not occur that either materials or capacities are 

allocated without the other.  

A concept from the new planning concept, supply cones, is supported by SBS+ en SBS 

on a natural way. A supply cone is defined as a graphical representation of the maximum 

potential output as can be delivered by the supply chain. Supply cones can be represented 

in both components as in end-items and show a potential decision space. The decision 

space shows the maximum potential output and the minimum, or the currently committed 

output. Supply cones can help to visualize potential limitation or opportunities in the 

supply chain. 



The proposed method is tested in a simulation study against the current way of working 

and another new method. This new method has modeled the current MRP logic and has 

added extension to that method to be able to make a better fit between the logic and 

ASML. The extensions enhance a different position of the CODP and the calculation of 

dynamic order up to levels. In the simulation study a group of three end items are 

modeled with three modules and 44 components over 195 periods. The data which is 

used is historic data from ASML. In the data an upturn and a downturn are available just 

as the introduction of a new product to the market. For all methods the same assumptions 

are used unless explicitly stated otherwise.  

The results from the simulation do show that SBS+ is able to reduce total pipeline 

inventory and raise service levels. Only a model which simulates the current situation 

with the CODP just before the start of ASML operations was able to have lower costs, 

which results in service level which is 73% lower than the SBS+ Model. The results of 

the simulation study are shown in table 0-1, in this table the result are anonymously 

presented. 

This project shows that SBS can be a good starting point for the development of the 

scenario planning tool algorithm. There remain however some points which have not 

been addressed in this study but do need to be solved for complete implementation at 

ASML. Two major parts which must be sufficiently solved are a method to handle 

engineering changes, and a process which supports a decision to anticipate on future 

capacity constraints.    

 

  

SC WIP 51% 55% 58% 30%

SC Inventory 1% 3% 10% 34%

ASSY WIP 8% 5% 5% 5%

ASSY Inventory 1% 0% 0% 2%

FASY WIP 24% 20% 20% 21%

FASY Inventory 15% 0% 0% 0%

Total Pipeling Inventory 100% 83% 93% 92%

Overall Service Level 100% 63% 122% 136%

XT800 SL 131% 69% 121% 132%

XT1400 SL 75% 56% 121% 138%

XT1900 SL 104% 43% 119% 138%

AVG Weeks Late 100% 67% 67% 21%

XT800 WL 53% 53% 35% 21%

XT1400 WL 123% 70% 88% 18%

XT1900 WL 70% 88% 70% 18%

Reschedule Messages 100% 140% 158% 0%

Current State 

Current CODP

MRP SS Model 

New CODP

SBS+ Model 

New CODP

Current State 

New CODP

Table 0-1 Comparison of methods 
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1 Introduction 

In this Master Thesis the results from a project at ASML are described. In this project a 

prototype is build for a new scenario planning tool. Before introducing the project and the 

goals first ASML is introduced. 

ASML was founded in 1984. The company is the world’s leader in designing and 

manufacturing of lithography systems. The complex and costly lithography systems are 

critical to the production of integrated circuits for microchips. ASML designs, develops, 

integrates, markets, and services these machines; most component production is 

outsourced to world leading companies around the world.  

ASML markets at the moment among others the TWINSCAN, and the PAS 5500. The 

TWINSCAN is a lithography system for 300mm wafers, and the PAS 5500 is a 

lithography system for 200mm wafers. The TWINSCAN is the most complex machine 

and has introduced the revolutionary system of dual wafer processing; one wafer is 

measured as the second is exposed. The exposed wafer is when finished changed with the 

measured wafer so that one can be exposed. A new wafer is loaded into the system to be 

measured. In this way the available exposing capacity is used more efficient than in the 

other systems. ASML also provides customized imaging solutions for special technology 

requests and field upgrades to further improve the performance of the installed systems 

upon customers’ requests. ASML commits itself to providing customers with leading-

edge technology at the earliest possible date and high quality customer support to the 

specific requirements of its customers. (Lievens, 2009) 

During the most recent economic crisis ASML was thinking about a change in controlling 

the supply chain. The resulting project has not only major impacts on the operational 

control of the suppliers of ASML, but could even affect the second tier suppliers in the 

near future. The ideas, principles and resulting concepts are innovative and require new 

solutions to solve the practicalities. 

Planning and controlling materials and capacities in the supply chain of ASML is one of 

those practicalities. The new planning concept states ideas for which a ready to go 

solution is not available. The business of ASML is complex and the ideas are innovative 

such that within ASML it is thought that solving this issue has only a starting point in 

current literature and that investments are required to come with a solution for the 

planning system.  

There are a few starting points to find a solution for this problem. The starting points 

considered by ASML are:  

� Material Requirement Planning (MRP) 

� Synchronized Base Stock (SBS) 

� Integer Linear Programming (ILP) 

� Option Theory or Stochastic Programming (OT) 

In this paper SBS will be the starting point to solve this issue. The base model will be 

described, just as proposed extensions which will make this method suit the ASML 

situation better and makes efficient use of the ideas that has led to this project. At the start 

of this project AMSL was developing process descriptions and requirements and in that 

context this project needs to help facilitating the design, and extract the practical 

implications out of the developed framework. Resulting from this the following project 

formulation has been formulated (De Jong, 2009): 
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“Design a planning tool that, using the SBS algorithms, can be used to visualize the 

supply chain planning algorithm, and support the design of the New Planning 

Concept.” 

The idea is that by building a prototype tool for one of the concepts in the framework new 

insights will be gained about requirements and practical issues for which a planning 

system needs to be built. Other projects will investigate how other methods will perform 

in the same environment.   

The basis for the new planning framework is the decoupling of Supply Chain Planning 

into a Goods Flow Control Module and several Production Units, which is described in 

Bertrand et al. (1990). In short the framework consists of a separated Goods Flow Control 

(GFC) and Production Unit Control (PUC). The Production Unit (PU) part is responsible 

to produce an agreed maximum amount of products in an agreed maximum amount of 

time. The agreements must be such that this is can be done. The GFC part is responsible 

for the supply to the market with an agreed amount of products given the agreements with 

the PU part. So a supplier is responsible to deliver the item on the due date, and ASML 

Supply Chain Management is responsible to order the item on time such that the due date 

can be met by the PU. This assignment is concerning the GFC part and for this project 

and the tools delivered will assume the PU as a black box for which the operational 

control does not concern or affect the project or tool. The GFC part will be an application 

of a Supply-Chain-Make-to-Stock system. One of the possible planning methods is SBS 

Policy (De Kok & Fransoo, 2003). This method has been implemented at Philips (De 

Kok et al., 2005), which will serve as a starting point for the model in this paper. 

In the remaining part of this Thesis will first the current planning concept be introduced. 

Then in chapter 3 the new planning framework will be described. In chapter 4 the 

scenario tool will be described for which in this project a prototype has been build.  

Thereafter in chapter 5 SBS will be described for which the basis lies in De Kok, et al. 

(2005) . In chapter 6 extensions to this basic model will be discussed to make a better fit 

to ASML and the new planning framework. Chapter 7 will describe the evaluation tests 

for this model. Chapter 8 will consists of some numerical results from the proposed 

method compared with the current way of working, where there needs to be kept in mind 

that the input will stay the same and winnings are limited. And in chapter 9 the 

conclusions will be stated together with the recommendations and proposals for further 

research. 
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2 Current Planning Concept 

In this chapter the current planning concept will be introduced, such that differences with 

the newly developed concept can be seen and to show which limitations occur and how 

these limitations are solved in the new planning concept. The process in the current 

planning concept is depicted in Figure 2-1, this process description is made by ASML.  

The processes and activities where this project has its impacts will be discussed in more 

detail, where other parts of the current planning concept are discussed more general. First 

the current limitations are stated: 

� Limited insight in machine output capabilities given materials and capacities in 

the pipeline 

� Limited insight in impact of demand plan on inventory, commitment and Excess 

& Obsolescence 

� MRP reschedules all planning details at all levels and full horizon � ~20.000 per 

week 

� Planning of mix flexibility not supported by planning system 

� Low visibility in supply chain possibilities 

In the actual planning the MPS will be input for the MRP run. The MRP run will plan all 

receipts for all items, and finally generates exception messages to tell the organization for 

which items planned shortages or planned surpluses exists. These messages result in a lot 

of work for the organization to plan changes which are necessary to realize the enhanced 

MPS. As soon as one item cannot be delivered earlier the complete machine cannot be 

Figure 2-1 Current Planning Concept 
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produced and the complete machine must be delayed.  

The MPS is determined on machine level, which means that in the MPS complete 

machines are scheduled for delivery. MRP will use the MPS and the BOM to find the 

required materials and plans purchase requisitions, purchase orders and production orders 

accordingly. ASML has also functionality in MRP which can reschedule the requested 

date of a previously ordered item; this is called a re-out or re-in. A re-out is given when 

an item for which previously was expected demand now has less or no demand. The 

positive difference between the amount expected to be needed and the amount expected 

to be available will be rescheduled to a date when a negative difference exists. In other 

words the supplier who was starting to make a product is asked to stop the process and 

start a couple of weeks later the remaining process time. The supplier is asked to stop 

producing the item and consequently asks his suppliers to stop deliveries. The second 

functionality available is the rescheduling in of the delivery date, re-in. In this process a 

few more limitations are applicable; the maximum period of re-in is about 25% of the 

original lead time. The Supplier is now asked to speed up his processes and deliver 

earlier. The resulting behavior can result in a nervous behavior seen from the supplier.     

Capacities are also important for ASML and its supply chain. Capacities for the supply 

chain of ASML are mostly very expensive; clean rooms must be build, expensive and 

specialized equipment is required, and new employees must be trained extensively. It will 

take a relative long period to be able to extend capacity. For example ASML will need to 

build a new building to extend the capacities for example. This will have huge costs and 

takes a lot of time before completion. In the current process only the capacities of ASML 

and the lens supplier are taken into account. The capacities which are taken into account 

are only taken into account on an aggregated level while creating the demand plan 

(Figure 2-1).  

The MPS is a plan on machine level, which means that specific machines will be planned 

for the production start. Sometimes however ASML does want to have more flexibility. 

To plan this extra flexibility ASML has introduced so called flexslots. A flexslot is a slot 

in the factory planning for which two machines are planned, but where the capacity exists 

only to make one machine. This flexslot is the way for ASML to exploit flexibility and to 

postpone the decision to make a specific machine. The MRP logic will plan to get the 

materials for both machines, although only one machine can be made. In the suppl chain 

all suppliers will get the forecast to build materials to be able to supply goods for two 

machines. At some point a decision needs to be made about which machine to build and 

resulting from that decision all items for the other machine will be re-out. It might be 

possible that some suppliers do know this way of working and modifying their actual 

planning. This will make the situation very complex as ASML will think that goods are in 

the SC, where in fact they are not. Resulting in stockouts when those materials are 

requested by ASML and the supplier cannot delivery on time. When looked from the 

point of view of the supplier this way of working can be understandable, but can affect 

the SC state of ASML negatively. The effects can have a big impact if more suppliers 

will do this simultaneously and uncoordinated.      

The current way of working has also its limitations on Visibility of material availability. 

It takes a lot of time to generate a report in which is described which machines can be 

made using a lot of components which are currently on stock somewhere in the SC. This 

results in fewer investments for the machine intended to make.  
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3 New Planning Concept at ASML 

The new planning concept (NPC) or Supply Chain Operation Planning (SCOP) concept 

at ASML (figure 3-1) is intended to gain a better balance between risk and opportunity in 

the current state of the market and Supply Chain (SC).. At the bottom of the figure is a 

representation of the supply chain of ASML. The supply chain consists of a set of 

suppliers from which items are ordered to be stored at a Stock Point waiting for an order. 

ASML orders items at the suppliers to fill the stocking position before the ASML 

Operations. These orders are based on a forecast and can thus be controlled via known 

Make-to-Stock (MTS) principles. The suppliers however do control themselves via a 

Make-to-Order principle. When a customer order arrives the ASML operations are 

started. Materials are allocated to the order and the customer order can be planned in the 

ASML factories. The ASML operations are controlled via Make-to-Order (MTO) 

processes. The ASML operations can be categorized in module assembly (ASSY) and 

machine assembly (FASY). 

Starting the description of the NPC first some concepts need to be introduced. To start the 

CODP is a company oriented Customer Order Decoupling Point. There does however 

exists a Supply Chain Customer Order Decoupling Point (SCCODP) or a User Order 

Decoupling Point (UOPD). At this decoupling point the complete Supply Chain will 

receive an order from the end-user. This SCCODP is located just before the start of the 

ASML operations. The second concept is the planning principle used. The ASML 

operations are planned via an MTO principle. Most suppliers do have a part of their 

operations for which they have orders; this part is for them controlled via a MTO 

principle. Some suppliers also have some operations for which they do not have orders; 

these are controlled via an MTS principle. ASML has to order components based on 

Figure 3-1 New SCOP Concept at ASML developed by ASML, TU/e, and CQM 
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uncertain demand information, as the orders has to be paced before the customer’s order 

has arrived. The ordering of parts at the supplier is controlled via a MTS principle. All 

operations before the SCCOPD will be called Supply Chain Make-to-Stock (SCMTS), 

which does look from the SC perspective. The SCMTS operations do all suffer from 

uncertainty as the order from the user or SC customer has not arrived yet. All operations 

after the SCCODP will be called Supply Chain Make-to-Order (SCMTO) The CODP for 

ASML and the SCCODP are stated for the selling of new machines. For servicing 

however there exists a completely different SCCODP and also a different structure after 

the SCCODP. In the picture of the NPC only the process for New Machines is depicted.    

The top part of the picture is the controlling structure for the complete SC.  Left and right 

are the operational departments Supply chain and Marketing sales respectively. Both 

sides are responsible to gather information about the current state of the SC and market. 

After the information has been shared with the Board of Management both departments 

will start to determine the actions which need to be taken during the coming period. 

Demand and supply balancing will try to evaluate the opportunities and the risks. 

Evaluating opportunities and risks will give ASML better knowledge about the potential 

profit, but also on the costs associated. By evaluation at the level of the Board of 

Management ASML ensures that the complete situation is taken into account and that 

operations follow corporate strategy. The operational work in this evaluation will most 

likely be done by a planning department. This planning department will perform the 

evaluation for the Board of Management which will then sign off for the associated risks 

and opportunities. At this decision point choices are made on how to fill the supply chain 

and create sales opportunities. 

The slotting decision is a formal decision to allocate materials to customer orders. For 

ASML orders are worth millions of dollars and do not come in quantities of thousands 

per week. The amount of orders is limited which gives the opportunity to allocate 

materials order per order. In this decision point materials are also allocated to different 

demand streams like, machine assembly, service replenishments and field upgrades. At 

this decision point a choice is made how to empty the supply chain. 

With this short introduction the processes and decision points will be discussed in more 

detail.   

3.1 Supply Chain 

The supply chain departments will be responsible to create supply possibilities by 

following the determined business scenario as close as possible. First the information 

gathering process will be described. Second the processes after the decisions will be 

discussed.  

To be able to determine the state of the supply chain it is necessary that information can 

be collected instantly. ASML and suppliers will together keep the information up-to-date 

preferably by standardized interfaces. The information is used to be able to determine 

opportunities to supply goods to ASML customers. There is a project defined to fill the 

process and procedures of storing and sharing information. In this project the 

requirements for the data are set and the amount of data which is shared, how the data is 

shared, and in which frequency the data is shared.   

ASML can gather the SC information and combine the information to create supply 

cones. A cone of supply is a graph of the cumulative maximum output of the SC of 
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ASML. Graphs with supply cones represent the top of the cone; the bottom of the cone is 

depicted as the current inventory of end-items plus the current WIP of end-items, together 

revered to as the inventory. It is, almost always, the case that there is room between the 

current minimum supply and the potential supply. The space between the two extremes 

can be seen as possible states the supply cone can move to (figure 3-2) and are 

representing the borders of the solution space. In this figure the red line is the minimum 

supply, the blue line is the maximum supply, and the blue area represents the solution 

space. The different states to which the supply cone can move can be reached by making 

choices about ordering materials. One of the options is not to order any more materials, 

and the supply cone will narrow the possible states by lowering the upper line (figure 

3-3). In this figure for period 3 and 4 no materials have been ordered, resulting in a lower 

blue line and a narrower blue area. Ordering items on the other hand will result in 

narrowing the possible states by raising the lower line (figure 3-4). In this figure for 

period 3 and 4 the choice has been made to order 1 material in both periods, such that the 

red line has been raised and the blue area is narrower. Over time a combination of both 

actions will occur as there will be some overestimation of sales over a long horizon, but 

also some sales will request supply (figure 3-5). In this figure for period 3 no order has 

been made and in period 4 one item has been ordered, resulting in a combination of a 

lower blue line and a higher red line; the blue area is narrower just as in the other 

examples. 

As soon as all cones are determined can the supply departments of ASML go into the 

balance process. The outcome of the balance process will be an agreed supply scenario, 

which has been narrowed on the places for which a choice had to be made. Choices are 

required for places in the supply cone at which the lead time for an item starts. At those 

points the choice can be made to follow the low or high line or to follow something in 

between. In the examples only choices were demonstrated between 0 and 1. In the ASML 

Figure 3-3 Supply Cone Choice Down 

Figure 3-4 Supply Cone Choice Up Figure 3-5 Supply Cone Choice Both 

Figure 3-2 Initial Supply Cone 
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supply chain there is a greater variety of choices. The agreed supply scenario is used in 

the SC to order items or not. The actions that needs to be taken are determined and the 

departments controlling the SC together with the SC will start working to be able to 

follow the agree scenario.  

This process will repeat itself each planning cycle. Each cycle starts with integrating the 

available information and ends with working on the actions to be taken. 

3.2 Demand 

The demand departments have a similar process as the supply departments. Each 

planning starts with getting information for the market. With that information the demand 

scenarios are generated, which are proposed in the balance process. After the balance 

process actions are agreed on how to sell the machines, to gain better information about 

the state of the market, and to try and convince (potential) customers to order more or 

different machines, or accept a different time of the shipment. 

The demand scenarios will be used in the balance process to set goals for demand 

adjustment and to set goals for the SC. The demand scenarios can be the currently 

available marketing forecasts, or there can be more demand scenarios in between the 

current low mid and high forecast.  

3.3 Balancing 

The balance process is intended to balance supply chain risks with market prospects. 

Preparing the supply chain to cover a bigger part of the potential demand can result in 

costs of inventory and risk costs on obsolescence as not all potential demand will result in 

sales. While ordering too little will result in loss of sales and potentially loss of 

customers. The business scenarios are assessed based on KPIs about risk and opportunity 

and on feasibility. Finding the right balance between the two options is a difficult task 

with big responsibilities. Therefore this task will be done under the responsibility of the 

Board of Management. The Board of Management will be responsible for balancing risks 

and opportunities. The board is ideally suited for this job as it is an interdisciplinary team 

and this team can at the broadest level make this decision. The balancing process will be 

facilitated by Central Planning (CP) who will prepare the information and tools, and 

possible propose a decision. The board will then choose which way to go. 

Resulting from the balance process are the actions and goals that will require actions 

from the demand and supply departments, as discussed before. The balance meeting is the 

decision on if and how much to fill the supply chain to be prepared for the future. Next 

the slotting decision will be described which is the decision to empty the supply chain, in 

which quantity and to which demand stream or customer. 

3.4 Slotting decision 

The slotting decision is actually a process which consists of several steps. First the set of 

items in the CODP have to be allocated to several demand sources; including the 

Machine Start Plan (MSP), Customer service replenishment, and Customer service 

Emergency Requests. After this allocation there has to be determined which items and 

capacities are used for which customer order. This is similar to the current slotting 

decision. Now the materials are ready to be called off by the ASML Factories or 

Customer service warehouses. These three steps can be found in the process in figure 3-6.  
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The different sources of demand will make a forecast for the materials required next 

week for starting the operations. The items have been ordered based on the forecasts 

generated for the Balance process. If the requirements have changed since the items have 

been ordered it can become necessary to allocate materials to the different operations. 

This allocation is the first step in the slotting decision. Based on the current demand 

requirements and the available materials in the SCCODP a decision needs to be made 

which demand source will get the materials to fulfill which and how much demand. 

SCMTO will then determine the Goods Shipment Date (GSD) for each customer order. 

The SCCODP can be described as a physical structure in which materials can be stored. 

A representation of this physical SCCODP is depicted in figure 3-6; at the left of this 

picture the supply chain is included, and at the right the ASML demand sources. In the 

middle of this picture the slotting process is depicted: Allocation, Slotting; Material Call 

Off. Over this process the physical structures are displayed. The SCMTS operations will 

be responsible for the material allocation over the different demand streams. Slotting and 

material call off will be the responsibility of the SCMTO operations.  

The HUB Operations is a 3
rd

 party operated warehouse in the region of Veldhoven, The 

Netherlands. The HUB is the place where stock is placed for suppliers which have a long 

delivery time, long will be specified during the roll out of the project. Suppliers who have 

a delivery time which is within the long boundaries can have their own premises as 

stocking location. Within the stocking location, either at the HUB or at the supplier, stock 

can be allocated to specific demand sources. Allocated materials can be slotted to 

customer orders or shipped to Customer service warehouses at which the part is stock 

until an order arrives.  

3.5 Relevant Literature of new Planning Concept 

In this paragraph some literature behind the new planning concept will be introduced. 

Figure 3-6 Slotting Process 
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The literature in this part has its focus on the structure of the planning concept and the 

assumptions which make the problem manageable. This paragraph is based on Bertrand 

et al. (1990).  

First the planning problem will be introduced. Then the control parts will be introduced, 

starting with the overall planning system, GFC, thereafter the local planning systems, 

PUs are introduced.  

3.5.1 Production System 

To describe a production control problem it is required that the problem can be described 

in terms of the boundaries of the system. The production system is all that is left within 

the boundaries. The system boundaries can be described in terms of Customer orders and 

Customer shipments, Capacity change notifications and decisions to change capacity, and 

the procurement and delivery of materials considered to be out of scope for the system. In 

a system with standardized products it is required to know the Bill-of-Materials (BOM) 

structure, the Bill-of-Processes (BOP) structure, and the Bill-of-Capacities (BOC) 

structure.   

The production system consists of at 2 different types of control functions. The first type 

is GFC; this part will be responsible for the planning of goods through the complete 

production system. The second type is a PU; this part will be given the responsibility to 

produce a certain set of items within an agreed time frame. In a production system there 

will most likely exists one GFC and several PUs. First the concept of GFC will be 

explored in more detail. Second an introduction to the concept of PU. It does not 

necessarily mean that only two layers of control function exists. In the description of the 

PU an example will be given on how more control layers can function. 

3.5.2 Goods Flow Control  

Goods Flow Control is a centralized unit which can, decoupled from the production 

problem, focus on material and capacity availability in the production system. GFC is 

responsible for ordering items at the PU and for the availability of the required 

components for production. GFC is free to order items at the PU as long as the pre set 

constraints are not violated. Examples of constraints are: Maximum throughput, 

maximum authorization rate or move rate, lead times, maximum WIP.  

The GFC problem is an Inventory Control problem or a Supply Chain Control problem. 

The design of GFC depends on the characteristics of the architecture of the planning 

system and the characteristics of the planning system. The architecture of the planning 

system is a more fixed description of the planning system; these elements can be 

expected to remain fixed for longer periods. Examples of the architecture can be: 

� A convergent system, 

� A divergent system, 

� A combination of convergent and divergent system. 

The characteristics of the environment are more likely to change and have less impact. 

The GFC design must be robust against changes in these characteristics, whereas changes 

in the architecture will have a bigger impact. Examples of characteristics are: 

� Different placements of the CODP, 

� The number of PUs, 

� The number of Products. 
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� Small changes in the BOM Structure 

The design of GFC must be able to support changes in the characteristics, while changes 

in the architecture might require changes in the design of GFC. If a convergent system is 

expected to stay a convergent GFC can be optimized to work via other rules then a 

general system. The general system is a combination of convergent and divergent system 

and requires specific techniques for control.  

Operationally GFC will determine production orders to meet customer demand. Based on 

forecast information or a demand distribution the requirements for the GFC-items will be 

determined. GFC will start ordering items as soon as either a customer order arrives 

(MTO, ATO, or CTO) or as inventory drops below the order level (MTS).  

3.5.3 Production Unit Control 

As mentioned earlier the operational control problem has been divided into two parts, 

which have a standardized interface. The overall planning problem has been taken out by 

GFC. The problem left is the production and scheduling of orders; this is the 

responsibility of PUC. During setup and periodic evaluation of the interface between 

GFC and PUC agreements are made with respect to maximum throughput and the lead 

time. Possible extra agreements can be made on for example maximum WIP, or batch 

size. For ASML the maximum throughput will be in the form of maximum MR. With 

these agreements the complete interface with the GFC is set. GFC will now count on the 

delivery of items from the PU, whereas the PU will count on GFC not to send more than 

agreed upon, or accept late deliveries.  

The PU problem is now reduced to the boundaries of the PU, where the PU knows that 

capacity is not overused, lead times are realistic, and at the start of the production the 

materials are available. The PU problem can now be defined as how to organize the 

processes so that the lead times are met and resources are used efficiently. First some 

rules with respect to the design of the PU in the production system:  

� Items are only produced in one PU 

� Capacity is not shared between PU’s 

� Input and output can be defined 

� It can work independent of GFC and other PUs, within the agreed restrictions. 

The inner design of the production unit can now be done. There can be many forms of 

production units varying in size from a single machine to dual sources of an item. The 

main idea is that by decoupling the problems the problem will become less complex. 

Decoupling into simpler problems is at the cost of a risk on suboptimal solutions. The 

steering of the PU depends on size, and on structure of the processes. The different forms 

of the PU are just as variable as the number of companies there exists. Every company 

has its own structure and processes and differs in size.  

As an example two structures will be described. The first example is a single machine 

which is able to produce multiple products. The machine is the bottleneck in the 

production system and has varying setup times. As this machine is the bottleneck it must 

be used as efficient and effective as possible, because the output of the complete systems 

depends on the output of this machine. To fully use the machine the complex task of 

scheduling can be done in a PU. The second example is a product which is sourced at two 

suppliers. The PU will in this case schedule the production it receives from GFC to either 
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one of the two suppliers. In this example the PU consists of both suppliers and their 

operations.  

To summarize on a tactical level agreements are made on the Cycle time and Capacity of 

the PU. And on an operational level GFC will release orders and the PU will realize the 

due dates of the orders. 
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4 Scenario Tool 

An important difference in the new SCOP concept is the balancing of supply and 

demand. To facilitate this process a tool will be developed in which a quick assessment of 

the supply and demand possibilities can be done. This tool is intended to evaluate a 

demand scenario on feasibility and impact on revenue, inventory, commitment and risk 

on excess and obsolescence given a certain SC-state. The tool further helps with a better 

understanding of the current supply chain state and the current possibilities in the market. 

This tool will act as GFC for the critical materials to make a feasible plan. 

In this chapter the scenario tool will be described in ways of input and output. First the 

inputs will be described as parameters (constants, or tunable) and data (operational input, 

changing every period). The behavior of the tool will depend on the planning algorithm 

chosen; in this project SBS policy is selected to fill this black box. The description of the 

planning algorithm will be part of the next two chapters.  

In figure 4-1 the input and output for the scenario tool are displayed. The inputs and 

outputs in the operational sense are described in the rest of this chapter. Starting with the 

input parameters, which are divided into tunable and more constant input. Then 

operational input or data input will be described, finally the output will be described. In 

figure 4-1 some inputs are displayed in light blue, those are not implemented in the 

prototype planning tool which will be described in chapter 5 and further. 

4.1 Input Descriptions 

To be able to use the model correctly the input will be described in some more detail in 

this chapter. First the parameter input will be discussed, secondly the operations data.  

� Parameter Input 
Parameter input is mostly data for items, capacities, and production units, and the links 

between them. On item level a 12NC is needed for referencing, the costs, the lead time, 

and the lot size are required. The maximum authorization rate per period, and maximum 

WIP are optional parameters. The definition of lead time can be addressed as follows:  

Figure 4-1 Input-Output Planning Algorithm/Scenario Tool 

To be 
Planning
Algorithm

Demand scenario
- Sales orders
- Forecast:

- Sub Types

- Clusters 

- Service demand
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- Routing & CT & Learning curves & OLT

- Scrap & Rework 

- Lot size
- Safety time & Safety stock

- List price
- Cost price & Commitment curve

- Planning Horizon & Calendar

Material authorizations

Feasibility & Bottlenecks

KPIs & Targets
- Revenue
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- Material commitment
- Excess and Obsolescence

Supply cone
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“The planned lead time should be interpreted as a time, determined by experience, in 

which it may be expected that any reasonable work order can be produced.” (Spitter et 

al., 2005) Based on such a definition the lead times will be agreed between GFC and PU. 

A GFC item will only be produced in one PU to be able to simplify the SC management 

problem. For capacities a number for referencing and the maximum available capacity 

per planning period are required. The BOM structure is required for materials and 

capacities, so for example to produce one item a, it is required to have one item b and one 

capacity c. The BOM structure is further described in Tsai & Sato (2004).  

For items there are additional tunable parameters, the safety buffer and the safety time. 

The safety buffer and safety time are complements of each other. The safety buffer is an 

integer value of items which are planned for extra buffer on top of the forecast. The 

safety time is a number of periods which are taken extra for the requirements calculation. 

The idea behind the two concepts is as follows. The safety buffer is a constant value on 

top of demand. This is not automatically changed for an up-turn, or a down-turn. The 

amount of extra inventory that is created by the safety time will change in an up-turn and 

a down-turn, as now the forecasted value is taken into account. Also when an item is 

phased out the safety time method will lower safety stocks, whereas the safety buffer 

method will keep it constant. For the scenario tool both methods can be used as 

complements of each other, so a safety buffer is calculated on top of the requirements for 

safety time.  

The way of use of safety factors will result in an important implication for the scenario 

tool which is important when in use. The tool is used to assess how different demand 

scenarios affect of the different forecasted scenarios. These scenarios can be based on 

‘this will at least be sold’ demand forecast, or be based on ‘this is all we can potentially 

sell’ demand forecast. In the first case safety factors are required to fulfill demand which 

is now uncertain. The safety factors need to be setup to cope with the extra demand which 

might occur. Now safety factors are set in a process inside or outside the balance meeting 

to be able to act on differences in forecasts. This will require knowledge about all GFC 

items and where they are located. In the second case the uncertainty for demand is 

already in the demand scenario. The demand scenario represents a maximum output and 

is expected to be adjusted to lower output levels as the forecasted period becomes closer. 

The safety buffers now are actively planned during the balancing process by selecting a 

high business scenario. During the balancing process it needs to be understood which 

situation will be used at ASML. 

� Data Input  
Data input is the operational data which is expected to change every period. The 

inventory and the number of scheduled receipts per period are required as operational SC 

data. The inventory is the current inventory ready for use in this period. The scheduled 

receipts are the amounts of items that become available for each period from now until 

the end of the lead time for each item.  

Sales orders and forecast data will be handled as one input at this point. Sales orders are 

just a part of the forecast known with higher degree of certainty. The data input is defined 

as the number of system’s demand forecasted per period.  

The cluster forecast is the number of systems forecasted to be sold during a period for a 

particular cluster. The cluster forecast does not make a distinction between the different 

machines in a cluster. The cluster forecast can be in a long horizon the only forecast, such 
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that the items are ordered based on this forecast. Cluster forecast can also be used in 

overlap with end-item forecast, such that the cluster forecast will be a limiting factor for 

items that appear in all items in the cluster. 

4.2 Output Descriptions 

Output can be described in two categories. The first is output for the evaluation of the 

different scenario’s to be tested. The second is the released orders, which are interesting 

as soon as a scenario is selected.  

The output for evaluation can be described in terms of feasibility and bottlenecks, KPIs 

and the supply cones. The KPIs will first be detailed described, then the feasibility and 

bottlenecks, and finally the supply cones.  

The KPIs are described in terms of revenue, investments and costs and are used to select 

the business scenario..  

Revenue is the expected amount of revenue which is now planned for.  

Pipeline Inventory is the amount of investment in materials that the Supply Chain, 

excluding the ASML operations, has made in their factories and warehouses. The SC 

investment is the amount of investment currently stored in the stock points of the SC 

ASML Inventory is the amount of investment in materials which is now available in the 

ASML factories. Examples of these investments are WIP for ASSY and FASY and stock 

due to buffers or delays. The ASML inventory is expected not to be affected as a previous 

study (Yang, 2009) had already described the effects of the move of CODP to the start of 

ASSY. 

Material Commitment is the amount of financial coverage over the costs made by the 

suppliers over the forecast horizon.  

Excess and Obsolescence is the risk for which ASML prepares to encounter loss in the 

SC because of unsellable and obsolete items. A percentage of the costs for discarding 

those materials and the investments that have been made to produce the items so far are 

being reserved for this risk. Items can become obsolete because of engineering changes 

or if a machine or part is at the end of its life cycle.  

The feasibility and bottlenecks are described in terms of expected customer service. 

Choices made in the past will restrict the output now and in the future. The current 

choices will also restrict the output, either by the use of all capacity or by the restricted 

ordering of materials. The feasibility of the current supply possibilities with the selected 

demand scenario will give insights in how well the choices were in the past. The 

bottleneck information will indicate which items will restrict the output at which point in 

the future.   

The supply cones are graphical representations of the potential ways to deliver end-items. 

The supply cones are restricted from the top by the material availability, and there are 

multiple choices on which the supply cone can be adjusted down to a horizontal line 

starting from the point of choice. The choices which are to be made are the choices for 

material releases for this period. Those material releases will adjust the supply cone for 

next planning period. The resulting supply cones, including the choices are outcomes of 

the tool.    

The Material Authorizations (MA), or planned orders, which are outcomes of the 

planning algorithm are the decisions needed for the coming period. These decisions 

reflect the choice for filling the supply chain to let the supply chain prepare for a delivery 
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some periods away. The MAs are interesting when a scenario is selected to follow or to 

evaluate the performance of a business scenario.   
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5 Mathematical SBS Model – Basic Model 

In this chapter the mathematical model, as such implemented in the prototype tool, of 

Synchronized Base Stock (SBS) policies and the selected extensions will be described. In 

this chapter the basic SBS model will be discussed. SBS has been theoretically described 

in De Kok and Fransoo (2003). Based on the ideas in this last paper an implementation of 

a slightly simplified model has been done at Philips Semi-Conductors (De Kok et al., 

2005). This paragraph is based on De Kok et al. (2005) , this paper was the basis for 

implementation of the basic model.  

First the sets and parameters will be described. 

M Set of all Goods Flow Control items 

N Set of all end items, � � � �� Set of direct successors of item i, � � � �� Set of all successors of item i, � � � �� Set of direct predecessors of item i, � � � 	� Set of end items using item i, � � �, 	� � �  �� Number of items i required to produce one unit of items j, �, � � � �� Lead time/Commercial Cycle Time of a work order of item i, � � � �� Sum of lead times associated with all items on the path from item i to item 

j (both items included), � � �, � � � ��� Safety lead time associated with item i, � � �, ��� � 0  ��� Sum of safety times associated with all items on the path from item i to 

item j (both items included), � � �, � � � ������  Safety Stock associated with item i, � � �, ������ � 0  ����� Forecast of demand for end items i in period t, � � � ����� Net stock of item i at the start of period t, � � � �����  Physical Stock of item i at the start of period t, � � � �����   Backlog of item i at the start of period t, � � � ������ Inventory position of item i at the start of period t, � � � ������� Echelon Inventory of item i at the start of period t, � � � ��������  Scheduled Echelon inventory of item i if all materials allocated to this item 

for period t, , � � �, � � � ��������  Generalized Echelon Inventory of item i at the start of period t, � � � ������ Scheduled receipt of item i planned to arrive at the start of period t, � � � ������ Work order of item i released at the start of period t, � � � �  Set of constraints which determine the order for item i with constraint type 

n, � � � �����  Base Stock level for item i at period t, � � � 

 

First the net inventory can be calculated using: ����� ! ����� " �����, � � �, � � 1. 
 

Then the inventory position can to be derived with the equation below: 

������ ! ����� " % ����� " &�'()*
+,* , � � �, � � 1. 
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Then the constraint needs to be introduced that either backlog or physical stock exists,  so 

it can be stated that: ����� - ����� ! 0, � � �, � � 1. 
It has been assumed that all orders have been arrived at the start of the period. So if this 

cannot be guaranteed by the operational business than the guaranteed lead times must be 

one period longer than is expected. This way it is guaranteed that a production process 

started, or a customer order arrived can be given the materials that are expected to be 

available. 

The echelon inventory position can be derived with the following slightly adjusted 

equation: ������� ! ������ " % ��. - ���.���.�/(  

For every period it is assumed that the inventory, the scheduled receipts and the demand 

for end items are known for every period necessary, according to the following structure: ������, � ! 1,… , �� 1 1, � � �, �����, � ! 1, … , �, � � �, �����, � ! 1, � � �, � � max��5,�67�� " ���,- 8 " 1. 
Using the above input the dynamic base stock levels can be determined. The base stock 

levels must be dynamic as the required base stock is almost zero in a downturn and heads 

to the maximum potential of the supply chain as the upturn shows its signs. Dynamic 

base stock levels will cope with changes in the forecasted demand, which can be 

calculated with the following equation: 

����� ! % 9 % ��. - �.�� " &�'(:�;<(:�*
+,* =.�>( , � � �. 

The echelon inventory position is when the forecast has not changed equal to the demand 

for end items during the periods t until � " ��.. The period � " ��. " 1 is the period that 

comes now into reach for ordering. The order can be expected to be the positive 

difference between base stock level and the current period echelon inventory position. If 

the safety times are bigger than zero then the safety stock for each item can be written as: 

������ ! % 9 % ��. - �.�� " &�'(:�;<(:�*
+,* =.�>( 1 % 9% ��. - �.�� " &�'(:�*

+,* =.�>( , � � �. 
Given the above described state of the supply chain it is now possible to determine the 

current orders to cope with the difference between the requested and current state of the 

supply chain. Orders, either purchase orders or production orders, have in SBS an 

important constraint which is not used in a normal base-stock policy. In SBS a material 

constraint is formulated which states that: ����� � 0, � � �\�. 
For all items it holds that a backlog cannot exists due to demand from within the system, 

or dependent demand. Backlog can only occur for end items which are facing customer or 

independent demand. Internal orders will be adjusted for any shortages of predecessor 

items. This constraint gives the system and important feature; a released order can be 

assembled or produced, and there is the possibility to allocate shortages beforehand. To 
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be able to know if there will be a shortage for an item it is first required to know how 

many items will be ordered if there would not be any constraints. The amount to order to 

bring the EIP to the Base Stock Level for an item can be expressed by: ��@ ! 7����� 1 �������8�, � � �. 
This is called the basic order. The set of orders is used to determine how many items are 

currently scheduled to face a shortage: ����� 1 % �� - ��/( A 0, � � �, � � �. 
All items for which it holds that �� 1 ∑ �� - ��/( � 0 can be ordered via the the basic 

order. For all items for which �� 1 ∑ ��/( A 0 holds the basic orders must be adjusted to 

account the material shortages. At first an allocation rule called consistent appropriate 

share-rationing policy (Van de Heijden et al., 1997) will be described. This policy first 

determines the shortage allocation for the different items that use an item and will base 

the shortage allocation on the ratio of safety stocks between the different items. For the 

successors of the items that encounter a shortage the following equations will determine 

the order after shortage allocation: 

���,�� ! ���� 1 �����∑ ��.���.�/( C% ��.�.@.�/( 1 ��D , � � � , � � �, 
�� ! max70, ���,�� 1 ���8∑ max70, ���.,�� 1 ���.8.�/( - �� 

The first equation will determine the echelon inventory position of j after allocation of the 

available stock of a given predecessor i. The outcome is the base stock level adjusted for 

any shortage of item i. In the second equation a constrained order will be formulated 

based on the difference between the new and current echelon inventory position, which 

will be the current order. This is rationed between all orders that take item i, and 

multiplied by the availability.  

Now all orders will be put on a virtual pile and the lowest order will be sought for each 

item. The amount that will be ordered after allocation can be determined by: �� !  E min �HIJ@� K� 

The new supply chain state, which is planned to be true next period, can be described by 

the following procedure: ����� " ��� ! ������, � � �, � � 1 ���� " 1� ! ����� 1 ����� 1 % L�������M�/( " ������, � � �, � � 1 

The next planning period is expected to be described with the above information, but as 

this describes an operational tool it cannot be assumed that this is true. Therefore each 

period the complete structure of this paragraph must be completed to get the latest 

information. 

The use of the concept EIP can result in a potential problem. Consider the example where 

one component is used in two end-items. Both end-items face at first a demand of 100 per 

period. If now one item does face a downturn, whilst the other item faces demand of 100 

per period. To order the common component for both end-items the EIP will be used and 
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the difference with the forecasted demand will be ordered. A significant amount of EIP is 

available in the part of the supply chain which is specific for the downturn item. This can 

result in not ordering the common component while this is required for the other end-

item. The issue can be solved by calculated an EIP which is corrected for overstocking at 

some parts of the SC. The term used of this is the Generalized Echelon Inventory Position 

(GEIP). Any overstocking will be replaced by the forecasted demand plus safety factors, 

or the base stock level, to correct for the issue. If now for one of the items demand drops 

suddenly and stock will be build this will not affect the ordering of the other items in the 

SC. The following formula will replace the original EIP formula:    

�������� ! N�O C����� , ������ " % ��. - ����.���.�/( D 

The Echelon concept has an important extra feature; it can easily be seen what item will 

hold back the total output. In other words the echelon concept will help to find the items 

that are expected to result into a material constraint in the future. This item will need all 

the attention to raise the Echelon stock within the Lead time. This backwards pegging 

(De Kok et al., 2005) can be represented in a graph (figure 5-1). In this figure the 

potential output is represented for item 1, to make item 1 both items 2 and 3 are needed. 

To raise potential output in period 2 for example an extra item 3 is required, to raise the 

output in period 5 and extra item 2 is required. Backwards pegging can help finding the 

items which need attention. In an operational planning environment it is essential to know 

which item will causes a planned stock-out. In figure 5-1 the potential output for one end 

item based on the Echelon Inventory Position of its components is shown. On the vertical 

axis the potential output is shown and on the horizontal axis the time distance from now. 

Each color line is the representation of one component in the BOM, including the end-

item. In such a graph it can easily seen which items are constraining on the output and at 

which point in the future this can be solved by the planning system. If there is the need to 

get a higher output within the lead-time of the constraining order then ASML employees 

can contact the PU if there is a possibility to supply more, or sooner than is now  planned 

for.  
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Figure 5-1 Backwards Pegging example graph 
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6 Mathematical SBS Model – ASML Extensions 

The SBS principle as discussed in chapter 5 has proved its benefits during the use at 

Philips Semi-Conductors (PSC).  This thesis is not intended to bring any doubt about the 

profit which has given the SBS methods to the Philips organization. There are however  

important differences why in this chapter extensions are proposed for a better fit between 

SBS and ASML PSC is company operating in a highly cyclic market, as is ASML. 

Unlike ASML PSC is operating in a high volume market. PSC is marketing products in 

10 thousands, and ASML does a couple of items in the same period. An allocation 

decision for PCS for 10k pieces can be done and rounding problems are only affecting 

about 0,01% of the value. For ASML an allocation decision needs to be taken about 1 or 

2 pieces, the round problem here takes about 50-100% of the value. The difference in 

volume of the market is also affecting the controlling of flexibility. In the high volume 

market it is quite easy to put 5% more stock at some point in the supply chain to 

compensate for variability. For the low volume market the flexibility can only be agin by 

putting 30 or 40% of the value extra on stock, as this is one item. A different controlling 

mechanism needs to be taken into account for creating flexibility.  

In this chapter some extensions will be proposed to make SBS better fit the low volume 

market of ASML. First a synchronization extension which is described in De Kok and 

Visschers (1999) and De Kok and Fransoo (2003), this part has been omitted at the PSC 

implementation but will be introduced for implementation at ASML. In the second 

paragraph an extension for flexibility planning is introduced; this is often requested for at 

ASML but not sufficiently supported in the current tools. Next a new allocation rule 

using logistical and commercial priority is proposed, which can handle the low volume 

market. The last extension that is proposed is an extension for capacity planning as a 

special material to be able to synchronize material and capacity allocation decision. 

In each paragraph the additional sets or parameters used for that extension will be 

described. In all paragraphs it is assumed that the previous parameters and formulas are 

known.  

6.1 Synchronization addition 

In the simplest case are assembly operations described as combining two components to 

make one item. This simple example does show the complexity of assembly operations; 

two components are required at the same time and place. Only when both items are 

available the assembly can start. In MRP environments criteria derived from assembly 

operations are not taken into account when actual demand does not follow the forecasted 

demand. In appendix 1 a small example can be found in how MRP and SBS will handle a 

change in actual demand against forecasted demand.  

In De Kok & Fransoo (2003) a method is proposed to adjust the ordering of components 

to make sure that components arrive at the same time at the same place. For 

synchronization the following set and parameter are required: P���  Potential Coverage of end-item  j demand from now until period t, � � O Q�  Set of all components required to make end-item i, � � O ����|���  Echelon Inventory Position of item i, which can be used for item j. �, � � N 

The echelon inventory position for item i given that it can be used in item j is an 

adjustment which is required as it is needed to know how many items are tight up in other 

downstream items that cannot be used for item j. In the original paper by De Kok and 
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Fransoo (2003) this has been done by defining a hierarchical structure. Due to choices to 

keep flexibility as long as possible an adjustment was required to be able to synchronize 

in the supply chain keeping flexibility. The echelon inventory position given an end-item 

can be calculated as following: ����|��� ! ������ " % ��. - ��.���.�S(�>:
, � � �, � � �. 

Using this definition of the Echelon Inventory Position it is now possible to calculate how 

many end-items can be delivered at each point in time: P��� ! min��.I|'(ITU V��� W����|����� XY , � � �. 
The cumulative output of an item until the period t+�� is restricted by all items which 

have a longer cumulative lead time than ��that t is away from now. All items that have 

been ordered give an extra restriction on the output of the end-item. The maximum 

amount of items that should be supplied is the minimum amount of availability for all 

items.   

Now it is known what the output is that can be delivered it can now be calculated how 

much to order to let the ordered item not exceed the maximum output potential. To adjust 

the order an extra constraint is used: 

��Z ! [C% ��. - P.�� " ��.�.�>( D 1 �������\
�

 

The synchronization constraint must be calculated before the allocation process. The 

information on potential output P���will be the source of information for building the 

supply cone for the different end-items. The echelon inventory position used in this 

paragraph will further be used in the backwards pegging graph.  

As there are some differences in the implementation of the original (De Kok & Fransoo, 

2003) and the current implementation it is important to explain the changes. First an 

example will be introduced. Consider is a system with two end-items, A and B, and three 

components, C, D, and E, components C and D end up in A and components D and E will 

end up in B. The lead times for all items except D is 1, and for D the lead time is 3 (figure 

6-1). In this example components C and D need to be synchronized and components D 

and E also. 

Figure 6-1 3 component, 2 end-item example 
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In the original method a hierarchical structure will be made. In some cases this can result 

in an extreme divergent system (De Jong, 2009). The hierachical structure shows what 

choices need to be made, and facilitates through a serial system the component 

synchronization, the hierarchical structure is drawn in figure 6-2. In this structure the 

decision points are shown, the first decision is ordering component D, which is the start 

of the line to stockpoint D. This stockpoint represents the distance from the end item at 

which component D will be stocked when fewer items of components C and E are 

ordered. At the stockpoint of D items C and E are ordered based on the order up to level 

of C and E and the availability of D to start assembling when both arrive at the start of the 

operations to assemble items A and B. This extra constraint is the synchronization 

constraint. The period over which the synchronization constraint will be working is 

represented with the yellow and blue box in figure 6-2. 

The original method described before has many advantages, but for ASML one important 

disadvantage: Flexibility is lost in the biggest part of the supply chain. ASML has a SC 

structure in which some commonality is lost at the ordering of the first item, which is also 

the most expensive item. This would mean that there is no commonality in the Supply 

Chain and flexibility is lost to deliver one of several end-items. There are common items 

in the Supply Chain, but they are only in the period where the specific item has been 

ordered. ASML want to create flexibility as it does not know exactly the customer 

demand. In the original method flexibility is created to buy two common items and one of 

both specific items. In figure 6-3 an example of this is drawn, at the left the Supply Chain 

structure and right the resulting hierarchical structure. In this structure two items D are 

needed to deliver A or B.  

To solve this complexity the synchronization will be done without the use of the 

Figure 6-2 Original SBS hierarchical Structure 

Figure 6-3 Example of ASML Supply Chain including SBS hierarchical structure 
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hierarchical structure. In figure 6-4 this concept is shown. Synchronization is done over 

the same period as in the original method, but in contrast item D will not be used 

exclusively for either synchronization with C or E. One item D will be able to supply 

either an item A, or an item B. This will help ASML to gain more flexibility, at the cost 

of extra inventory. The extra inventory is either an item C or an item E   

A common item for two end items will end up in both calculations. The common items 

will be allocated only when this is required, at the start of assembling or the next 

production step. Therefore a combined picture is needed to be able to visualize the 

maximum total output. In such a picture the output of both machines will be combined 

such that shortages on common items can be seen. An extended form of creating 

flexibility is described in the next paragraph.  

6.2 Cluster Information Extension 

ASML has, as many companies have, the difficulty that customer orders are not certain 

when the first items need to be ordered at the suppliers, or even their own operations. To 

be able to supply eventually the right goods to the customer it is required to have make-

to-stock operations. The make-to-stock operations are driven by a forecasted demand 

over a certain horizon. ASML has at different parts in the future different forecasted 

knowledge about market requirements. For different parts of the forecast horizon ASML 

has different levels of knowledge. Over a short horizon ASML has specific information 

about the different customers requiring the different machines. Over a longer horizon 

ASML only has information about what types of machines can be expected to be 

requested. To be able to cope with this kind of demand aggregation there need to be an 

architecture that can support the input of the demand. First the relation between 

aggregation levels and machines and components need to be made. 

CL Set of all clusters cl_`  Cluster i is part of cluster j, � � ��, � � �� c_`  End Item i is in cluster j, � � �, � � �� 

CF Set of end items that are linked to at least one cluster CD_�t� Cluster forecast for cluster i for period t, � � �� CF_ Set of end items in cluster i, � � �� CG_ Set of clusters associated with item i, � � � AD_�t�  Adjusted demand or Aggregation demand for item i for period t, � � � 
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Figure 6-4 Adjusted Synchronization 
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With these parameters one assumption has to be introduced: A cluster j in g� is only 

linked to one machine, does not have forecasted demand, an acts as a dummy cluster. 

Some general properties for clusters: 

� The forecasted demand in a cluster j in gh� is applicable to all machines that are 

linked to cluster j. 

� Multiple levels in the cluster structure can exist; a higher level cluster has a higher 

aggregation level than a lower level cluster. 

� Clusters can be used in multiple higher level clusters 

These properties and the assumption are illustrated in figure 6-5; the upper row are the 

end items used, the bottom row is the highest level cluster. The cluster ‘Total ASML 

Output’ is an example for a cluster outside the planning horizon, but where some 

indication is required for capacity use. An example can be the cabins required for the 

ASML factories, or the number of tools a supplier will need. A lower level cluster can be 

used within the planning horizon in the period where most or all items are common for a 

cluster.  

This cluster structure will be able to work with aggregation levels in demand forecasts as 

are proposed by ASML for use in the new planning system. First the mathematical model 

will be presented below. After which another use of cluster planning will be discussed. 

The second use will be supported by the same mathematical model, only the data 

requirements are changed. For demand aggregation into clusters it is required to give 

cluster forecast as input to the model for all periods for which a cluster forecast is 

required. 

A cluster forecast will act as a substitute forecast for all items in the cluster when there is 

no end item forecast given. But if there is an end item forecast given the minimum of 

both forecasts must be taken for the items; which is represented by the first part of the 

formula below. Secondly it can always be the case that some items are not used in the set 

of clusters, for those items the end-item demand must be used for all end items that 

require it; this is represented in the second part of the formula.  

i����� ! min 9min.�/j(��.���, % �k���k�>( = , � � � 

The adjusted demand will substitute the original value of the demand forecast as 

described in chapter 5.. 

Figure 6-5 Example of Cluster Hierarchy 
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The cluster structure can also be used for an additional requirement set by ASML. In the 

new planning system it must be able to plan for uncertainty about the specific machine 

requested by the customer within lead time of specific components. ASML is often 

unsure about the specific customer’s demand although some of the machine specific 

items must or are already bought or made. In some of these situations ASML wants to 

plan two machines with the knowledge that only one will be bought by the customer. In 

the current MRP methods this would mean that two systems are planned, which will lead 

to plan two common items, instead of one. In the basic model of SBS the common 

components will be allocated to one of the options and if the other will be selected then 

the specific components will be ordered, resulting in a delivery that will be late. With the 

introduction of clusters in SBS there will be some benefits of both methods introduced. 

6.3 Allocation of low volume items with commercial and logistical 
priorities. 

ASML has, just like other companies, different streams of demand; a normal sales 

demand, an upgrade demand, and a repair demand to name a few. It sounds logical that 

some demand streams are more important than others, for profit, legal or long term 

customer commitment reasons. Also there are can be logistical reasons to give some 

demand streams more importance than others, although the logistics priorities might 

change from period to period, the commercial priorities are mostly set on a longer term.  

As demand is uncertain for most of the ICT there are forecasts made for each period. As 

forecast are generally to some extent incorrect there need to be rules to allocate materials 

and capacity to the different users of those items (including capacities). The allocation 

rules can be based on logistical rules or commercial rules alone, but in the scope of the 

new planning concept it might be better for ASML to have a commercial and logistical 

allocation rule. Such a rule must be able to allocate low volume items in a complicated 

SC.  

Commercial priority for ASML can be described in two ways. First there is the expected 

profit\revenue. The revenue on the most modern machines is believed to be higher than 

profit\revenue on the machines that are longer in the market. The other way is that 

demand for machines is expected to bring more than demand for service parts that are 

used to replenish the Central Service DC; whereas the demand for emergency repair is 

ranked highest to prevent reputation damage by not being able to repair the machine in 

the field. A combination of both ways could be used to determine the priority for the 

Do  ��� ! min L7�� " ������8 1 ∑ �� - min7�-8�S( , 0M  �.l ! min��.-� 1 1, where m ! argmin�/(|S;(T@7�� - min7�-88, where min7�-8 p 0  

Loop until m ! q 

With: ���      Expected shortage for item i �.-         Bucket with orders of item i with constraint reason * �.l        Order of item i with allocation constraint. ��      Commercial Priority for item j 
Equation 6-1 Allocation Algorithm 
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items in the SC and within ASML.  

Logistical priority is determined by the time at which a part is required, or the amount 

that is required by or of a part. Potential options are: Days of Supply, Run Out Period, 

Demand of the Item, Order Quantity, Safety Time per Item, Safety Buffer per Item, and 

many others. The main idea is that the higher the priority the more items will be allocated 

to that item, as with the commercial priority. Some of the calculations need to be inverted 

to be in this form, but the general working stays the same, for example the Days of 

Supply will be inverted, such that a large number of days of supply results in a low 

priority.  

The algorithm proposed below will first find all items for which a shortage is expected to 

occur. Then for those items the parents will be sought and sorted based on the priority 

given. Then the order for the lowest ranked item will be lowered by 1. This process will 

be repeated until there are no expected shortages. The proposed algorithm is written 

below.  

For this allocation one assumption needs to be made; which is that m ! argmin�/(|S;(T@7�� - min7�-88 will result in a single item. If this assumption is 

not satisfied it might be possible that fewer items are allocated than is possible. It is not 

possible that too much items are ordered as this algorithm will continue until no items can 

be found with a shortage. In this algorithm both the commercial priority as the logistical 

priority are taken into account. The commercial priority is the more stable parameter PRi 

for all items and capacities. The logistical priority in this algorithm is the order amount, 

items ordered more get higher priority. This part of the algorithm is easily exchangeable 

for other priorities. This algorithm is currently implemented in the prototype tool. 

The rounding problem mentioned earlier is as such prevented. If for an item 3 units are 

available and 4 successor request the item then they all can be allocated ¾ units of the 

item. Rounding ¾ can be both downwards and upwards. Upwards rounding results in too 

much allocation and downwards rounding results in too less allocation.  

This method can serve as an allocation rule only based on logistical priority. The only 

input required for that is that all commercial priorities are the same.  

6.4 Capacity Constraints  

Capacities at ASML are just as expensive and scarce as materials. It is therefore required 

that capacities are used in the Supply Chain Planning method. There are multiple ways to 

use capacities; one of them is to use capacities as hard constraint. This method is 

described in the next paragraph. A second way is the use of capacity as a special GFC 

item; this method comes with some restrictions which will be set in the second paragraph. 

First the definition of capacity and of materials needs to be set, such that the difference is 

clear.  

� A GFC item is of a material type if stock can be carried over from one period to 

the next. 

� A GFC item is of a capacity type if stock cannot be carried over from one period 

to the next. 

In Bertand et al. (1998) the term capacity inventories is introduced. This term is 

introduced as a strategic buffer of processed materials to cope with capacity shortages in 

the future. This inventory is not a buffer of capacity but a buffer of processed materials. 

The processing of materials is the usage of the capacity and the material into a new 
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material. Due to the processing of the material the capacity is stored into the new 

material. The stocking of this new material is in Bertand et al. (1998) given the term 

capacity inventories.  

In this paper the definitions given above are used to make a clear distinction between 

capacity and material.  

6.4.1 Hard Capacity Constraint 

This method is easy and simple to implement, use and understand. With the major 

disadvantage that the allocation of capacities and materials are split; such that it is 

possible that opportunities are not recognized because material and capacity are allocated 

differently. This method will first be described; starting with the additional sets and 

parameters: rN�  Resource constraint on move rate for item i, � � � rs�  Resource constraint on Work in Process for item i, � � � 

K Set of items that have a resource constraint 

Now the new constraints can be defined; the constraints are used in the same way and 

need to be calculated before the allocation. The resource constraints will be calculated for 

each item that has a meaningful capacity constraint.  

��t ! minCrN�, minCrs�, % ������Uu'<( DD , � � Q 

The resulting constraint is a hard constraint on the ordering of an item on the move rate or 

authorization rate, and the work in process. The first is to control the amount of work 

authorized to the shop floor. The second is when special buildings or tools are required 

that can only process one item at a time and thus the amount of items on the shop floor is 

limited. The ASML cabins use such a WIP constraint. There are a fixed number of cabins 

and each cabin can only process one item. 

6.4.2 Capacity Allocation process 

A different method is to let capacity act as a special GFC item; with the biggest change 

that capacity cannot be stored. First a remark about the planning of capacities; this 

method is only intended for short term capacity allocation and not for long term capacity 

adjustments. With capacity acting as a material it can be allocated using the same rules 

and in the same process as materials. This will results in a better allocation as the most 

complete picture is solved at once. This method has few implications to the model and 

the original capacity constraints will stay in use, but only on item level. First some 

additional sets need to be defined: 

CA Set of all capacity items CA∈ M 

U Set of all material items U∈M 

 

Second it is required to state that capacity will not be stocked:  ���� " 1� ! ������, � � �i/�,    � � 0. 
This equation will ensure that capacity is not stocked. The inventory which is available 

for use next period is the scheduled receipt for that period. Given the material constraints 

it is ensured that no backlog of intermediate items occurs. Therefore the above equation 

draws the complete picture for intermediate capacities. 
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To make the picture complete the following equations describes the next period inventory 

for capacity as end-item. This is not used in the case at ASML, but is given to make to 

program complete. In the next formula the backlog of capacity is taken into account. This 

backlog remains as it is a customer request which can potentially be stored:  ���� " 1� ! ������ " min������ 1 �����, 0� , � � �i, � � �, � � 0. 
As there is now a division of GFC items into capacity and materials it is required to set 

the following equations for materials only.  ���� " 1� ! ����� 1 ����� 1 % L�� - �����M�/( " ������, � � w, � � 1 

������ ! % 9 % ��. - �.�� " &�'(:�;<(:�*
+,* =.�>( 1 % 9% ��. - �.�� " &�'(:�*

+,* =.�>( , � � w,
� � 1. 

These equations are the same as in the original model, only the selection criteria have 

been changed.  

Now the model is completed for use with capacities. The capacities are destroyed if they 

are not used, the allocation is part of the complete process of allocation, and the 

capacities are limited by the hard constraint, which is the long term capacity agreement.  

This method has also a downside: Capacities cannot be used in the synchronization 

process. For synchronization the Echelon Inventory Position (EIP) is required, which is a 

relative easy calculation for materials. Materials have the property that they can be 

stocked. A material available now is also available for next period. This property will 

result in correct EIP calculation and working of the synchronization constraint. Capacities 

do not have the property that they remain in the system. Therefore capacity which is 

ready this period does not have to be available next period; some capacities will be 

processed to new materials, but some capacities are lost. To make the distinction between 

capacities which are lost in the future and capacities which are used to transform 

materials complex calculations need to be done. This distinction need to be made to know 

how many end-items can be made with the ordered capacity. Without this knowledge 

synchronization does not make sense. The method described in this paragraph is not 

intended for synchronization with capacity, but only for the allocation process.  

This method will only reduce the component requirements. It is not intended to order 

components earlier to compensate for an capacity bottleneck in the future.  

In the practical use of capacities it is assumed that capacities will be given a lead time of 

1 and a hard capacity constraint on the maximum available capacity. For example a 

capacity which can be used up to seven times get a hard capacity constraint of seven. This 

will ensure that the capacity is not ordered more. Then in the allocation process the 

capacities and the materials are taken together to calculate shortages. These shortages will 

then be allocated to different items. The use of capacities and materials will give a 

complete picture instead of first allocating materials and afterwards allocation capacities. 
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7 Model Validation 

The described model has been validated with a number of test cases. The validation has 

been done to be sure that the model was calculating what it should have done. For this a 

number of simplified test cases were inserted into the system. Then the system was run to 

see if the results were the same as was calculated by hand. The following cases were 

tested: 

� 1 component 1 product, to test material constraints. 

In this case (figure 7-1) the material constraints in the model were tested. An important 

feature of SBS is the material constraint. The material constraints guarantee that a 

production order for an item can indeed be started. In some methods this constraint is not 

implemented such that it cannot be guaranteed that production can be started. The 

material constraint guarantees that for each intermediate item no backlog can exist. This 

last statement was tested in this case. The test was started with an empty supply chain. 

Demand was fed starting in the first period such that there was a backlog on the product. 

When the SC had filled up until the stock point of the component the first orders were 

released. The behavior of the system was like expected it would be. There were no orders 

released for items which had no stock. As soon as there was stock of the component the 

orders did not exceed the available stock. Thereafter the system was changed such that 

two components C were needed for one item A. Also in this test no backlog occurred. 

� 2 component 1 product, to test synchronization constraints. 

This case (figure 7-2) is intended to test the synchronization constraint. The 

synchronization constraint is intended to avoid dead stock. In figure 7-2 dead stock is 

stock of component D, whilst there is no stock of component C. As Component D has a 

shorter lead time it only has to be ordered if there has been placed an order for component 

C. Synchronization will ensure that items will only be ordered when there is future 

availability of longer lead time items. To test this principle the test system was emptied. 

Starting from the first period demand was fed to the system creating a backlog for 
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Figure 7-1 1 Component, 1 Product Example 
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product A. Without the synchronization constraint it is expected that component D will 

be ordered direct. If the synchronization constraint is applied correctly it is expected that 

the orders of item D will not be given until the first order for item C is 1 period away 

from delivery. This way both materials arrive at the same time to stock, and the assembly 

process can start.  

The behavior of the system was as expected it should be and dead stock has been avoided 

in this system. The delivery of the first products to the waiting customers was at the 

expected time, without any delay.  

� 1 component 2 products, to test allocation process. 

The allocation process gives a big change compared with the original method. The 

allocation was changed in two ways. First the angle was changed from a component point 

of view to a product point of view. Second the calculation principle is based on logistical 

and commercial priorities. The angle change has been done to be able to calculate with 

very low quantities, where rounding problems could have a very big impact. The second 

change is to allow ASML to base their allocation on the demand source. For ASML 

different demand sources have different commercial priorities, in order to let those 

priorities have an influence in the automated allocation process this extension has been 

proposed.  

The case for this test (figure 7-3) consists of one component and two products. Supply of 

component D needs to be allocated if there is more demand than supply. The test started 

with an empty system, while demand was fed from the start. Forecasted demand was held 

constant, while the actual demand was given some fluctuations. These fluctuations made 

sure that demand was higher than forecasted, such that component D had to be allocated. 

The inventory of component D was monitored and it was found that the inventory did not 

drop below zero, and that if there had to be allocated it was done in the right quantity to 

make sure that all stock was used.   

� 3 components 2 products, to test the combination of all above. 

This case was earlier (figure 6-1) used to illustrate differences in the hierarchical structure 

of this model. In this test this system was used to test all previous tests together. The idea 

of this case is to test all tested principles together. This way the working can be 

guaranteed. In this test three different scenarios were tested. First the steady demand, 

secondly a higher demand as forecasted, thirdly lower demand as forecasted. The system 

was empty when started, such that the filling of the system is part of the test. During the 

test all items of previous tests were repeated. The system worked according to the 

expectations, as it synchronized between C and D and between D and E. The allocation 

process worked as could be expected. And backlog didn’t occur for the components.  

1

1

1

A

B

D

Figure 7-3 1 Component, 2 Product Example 
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� 3 components, 2 products, 1 cluster, to test the cluster calculations. 

In this example (figure 7-4) cluster information is used to restrict the ordering of 

component D. This restriction will make sure that while the total output is limited the 

freedom to make choices between A and B will remain. For ASML this feature is 

important as it solves huge complexities in the current way of working. With the cluster 

extension ASML can order minimum components while keeping flexibility to choose 

different systems. During this test the ordering of D will be restricted by the cluster 

forecast. The same data is used as in the previous test; the extra cluster forecast is used to 

restrict the ordering of item D. In this test item D is monitored to test that the orders are 

restricted.  

� 1 component, 1 capacity, 1 product, to test capacity constraints. 

The structure of this case is the same as in figure 7-2, where material D has been replaced 

by a capacity, including the new inventory calculations for the capacity component. The 

main focus of this test is to make sure capacity is not transferred from one period to the 

next and that all calculations will remain working. This test was successful. There was 

some extra insight in the use of capacity. Capacity will probably not be ordered via this 

system. Therefore it is possible not to use capacity in reporting WIP investment 

information. In this context capacity is only added to make sure both capacity as 

materials are allocated in the same process. It might be possible that the order for 

capacity in this context will be lower than available, which potentially can result in a 

shortage of capacity. To avoid this problem the safety buffers for capacity can be 

increased. The buffer will never be filled as capacity cannot be stored and therefore the 

maximum available capacity will always be ordered. This is only a precaution to limit the 

effects which capacity can have while it should not do so. 

In De Kok and Fransoo (2003) material constraints are stated, which will ensure a proper 

working of the planning system:   ���� " 1� 1 ����� x �����, y�, � � 1 r���� � 0, y�, � ! 1,… , � ���� " 1� 1 ���� " 1� ! ����� " ����� 1 ����� 1 ����� " r��� 1 ���, y�, � ! 1,… , � 
With these material constraints the working of the system is guaranteed. The first 

constraint states that only items with independent or exogenous demand can suffer from 

backlogs. This constraint will ensure that all intermediate items do not suffer from 
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Figure 7-4 3 Component, 2 Product, 1 Cluster Example 
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backlogs, and that released orders do have the required materials to start the production. 

This constraint is monitored after every period in the prototype program. At the end of 

every period the inventory is recorded. This recorded data is used to asses this constraint. 

In the data for each of the cases described above and in the data for the simulation run 

described in the next chapter no violations were found.  

The second material constraint states that only positive orders can be released. This 

constraint is embedded in the process of translating all constraint to an order. By 

analyzing the scheduled receipts, which are in the prototype version one-to-one related to 

the orders, it was found that all released orders were indeed positive or zero and all 

integers. Finally the third constraint ensures a proper handling of the period to period 

data. This constraint is embedded in the algorithm; the algorithm has a few points on 

which inventory data is changed. The inventory data can only be changed due to order 

receipts, demand from outside, or demand from inside. In the algorithm no other way of 

changing inventory data is used, and all updates are done each period; ensuring proper 

working of the system. In practical use of the system this last constraint does not have to 

be true. Inventory can be adjusted by all sorts of reasons, like write offs. Further does it 

not have to be that a released order will in exact the lead time transform into a scheduled 

receipt. In practice there can be all sorts of disturbances which changes to period of 

which goods can be expected for receipt. The correct working of this practical issue is 

guaranteed with the algorithm. The algorithm will start each period by analyzing the 

current scheduled receipts and the current inventory, such that any unexpected change 

from the last period to the current does not interfere with the system. For this algorithm 

the state of the system of last period will not affect the state of the system this period.  

Overall the system was able to calculate the expected results, such that it can be 

concluded that the basic mathematical structure is indeed correct. The complete system 

will now be used for performance evaluation on a historical case.  
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8 Model Evaluation 

The proposed model is compared with a model of the current situation and a model 

described and partly developed by Yang (2009), called the MRP SS model or Baris 

model within ASML. The three models have been evaluated using historical data. The 

data set is described in appendix 2, which is omitted for public publication. A short 

summary of the data will be given in this chapter.  

8.1 Model Descriptions of Compared Methods 

The two models which are compared with SBS+ will in this paragraph be introduced. 

First there is a model which simulates the current situation. This model is used to handle 

the same assumptions on each model to have a better comparison. Within ASML it is 

assumed that the current situation model is a good representation of the actual planning 

method. Based on this model an extension is made which calculates safety stocks and will 

have a differently placed CODP. This model, called the MRP SS model, was used to 

simulate the effects of an extension on the planning logic and to find a better position for 

the CODP.  

� Current Situation Model 

In the tool in which the CODP model has been implemented it is also possible to simulate 

the current methods. This gives the option to evaluate the current situation under the same 

assumptions as the other methods.  

This gives the option to evaluate the current situation given the same assumptions and 

dataset as the other methods. The current situation can be characterized by a CODP after 

FASY and SC coordination based on an MRP derivation of the MSP. The MSP is as 

input used and is historically used. On the CODP a buffer is created to fulfill the 

deviations in the forecast compared with the actual orders. 

The CODP is located after FASY, such that all items in the SC are controlled via a MTS 

principle and machines are delivered to customers from stock. There is however some 

slack in delivery; customers are prepared to wait for their order, the time a customer is 

prepared to wait is the time it takes to start ASSY and FASY and equal for all methods. 

Buffers to compensate forecast errors are however located at the CODP. The operations 

are controlled via MRP logic, based on combination of forecast and order information.  

An important functionality in both this model as the CODP model is the possibility to 

reschedule-out (Re-out) the purchase order due date. The effect of this is that an item is 

expected to lay quiet in the process of the suppliers for as long as the re-out period is. The 

effect is that no extra value is added to the item and that the earliest arrival date of the 

item is postponed with at least one period. 

In this model capacity and materials are allocated one by one starting with the newest and 

most expensive machine. For example with 3 machines and 4 available capacity the most 

expensive machine will get assigned one first, then the middle one and finally the 

cheapest machines, starting with the fourth capacity to the most expensive machine in the 

second round. This method of allocating is also used in the MRP SS model. This model 

has been tested with the current CODP position as well as with the new CODP position 

just before ASSY.  

� MRP SS Model 

The MRP SS model is a model in which most of the algorithms are used which are 

implemented in the model of the current situation. The MRP logic is used for the 
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derivation of material requirements, and the same allocation principle is used as in the 

Current situation model.  

In the MRP SS model an extra functionality has been build which determines the safety 

buffer for buy items and ASSY items. The optimization is done by assuming that demand 

will follow a Poisson distribution. With this assumption it can be calculated how much 

safety buffer there is needed for each item. The following formulae are used for the 

calculation of the buffer (Yang, 2009): 

� Calculate the Average demand during the lead time z ! ∑5;H(-{|5(}~ - �� 
� Find the right order-up-to level (n) that ∑  �:�� �.! .,@ � ���. i���h���h���  

� Safety stock = n- λ 

The MSP is given for a full year such that the top part of the first step will determine the 

demand for a year. Deviding this by the number of weeks will result in an average 

demand per week, which in turn results in a demand over the lead time of the item. This 

calculation is done every month, such that the safety stocks are dynamically controlled. 

The place of the CODP has in this model in line with the recommendations of Yang 

(2009) been replaced to the position between the SC and ASSY. The buffer needed to 

cope with any uncertainty in the forecast is now stored in Buy-items.  

8.2 Data Description 

The dataset consists of input data and parameter data. The parameter data will be 

discussed first, followed by the input data. This is only a short summary of the data; the 

actual data is included in appendix 2 for publication within ASML only. 

� Parameter Data 
The data consists of 50 products, which are subdivided into 3 end-items or FASY 

machines, 3 ASSY modules, and the remaining 44 items are components or Supply Chain 

Items (SCI). The selection of the items was done in the study of Yang (2009), the 

selection of items comprises the most expensive parts. The model has no added value; the 

price of FASY and ASSY parts is the sum of all components used. It is assumed for all 

models that all items have fixed lead times, or at least that the agreed lead times can be 

guaranteed by the PU. 

The structures in the BOM represent some important features; first there are multiple 

levels in the BOM. This represents the multi echelon character of the ASML operations. 

Second there are common items in the BOM and over a limited period for some machines 

only common items need to be ordered. The inventory of buy item will result in the 

category SC Inventory. The scheduled receipts of buy items will end up in the category 

SC WIP. The ASSY and FASY items will have the same categorization in the results 

table. The split between the WIP and inventory is necessary to report as in this spilt one 

of the main results will be visible between the SBS+ model at the one side and the other 

two models on the other.  

The system’s output is restricted by the capacity bottlenecks: MR of ASSY and MR of 

FASY. The move rate constraint is applicable for all items which are using FASY or 

ASSY. The FASY constraint will limit the order release for all FASY Modules and the 

ASSY constraint will limit the order releases for ASSY modules. The different models 

use different methods for the allocation of capacity, which are explained in the 

descriptions of the models. 
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� Input Data 
The input data first consists of the forecast. The forecast used in this evaluation is the 

historic MSP data. The MSP plan is updated every month. The originally MSP is a plan 

in monthly buckets, which will be split into weekly buckets using the functionalities of a 

program called PlanBak. This program divides the monthly buckets into weekly buckets. 

This weekly MSP will be used as a demand forecast. This MSP has a planning horizon of 

a year and will be used for MTS Planning. The forecast gets a major update every month 

and for each week during a month the forecast will remain the same only the first data 

points will not be used. The forecast consists of a number of cyclic parts: a ramp down, a 

ramp up, and a new product introduction.  

Historic sales orders are used for MTO demand; the MTO demand is modeled in this 

project to calculate the delivery performance and the complete cost structure. New sales 

orders arrive every week and have a due time equal to the MTO lead time.  

The state of the SC will be a result of the decisions taken, and consequently this is no 

input. Only the initial state of the SC will be input. For this current state the inventory has 

to be known. The starting inventory is an input and is the current Safety Stock as 

calculated by the CODP Tool. The current scheduled receipts for the items are calculated 

using the historical GSD. The scheduled receipts for the items will be the required items 

to fulfill the historic GSD.  

8.3 Evaluation results 

The tool for the CODP model and the model of the current state were developed outside 

the scope of this project. Details about this project can be found in Yang (2009). The 

details for the SBS+ model are described in previous chapters, as is the working of the 

overall scenario tool. In this paragraph the evaluation results are described, and the 

differences are explained. 

The results from this comparison do not fully use the new concept and methods. A 

historical situation has been simulated using historical data. With that data set not all new 

concepts could be used. If the complete model of SBS+ will be implemented then new 

data must become available about clusters and the use of flexslots. The quantity and 

quality of that information will for a large extend influence if and how much of a success 

the new concepts are.  

In table 8-1 the comparison results are displayed, and as could be expected in a public 

paper the results are anonymously presented. The Total investment, Overall Service 

Level, and AVG Weeks late of the current state are taken as reference. The percentages 

are taken within each block with that reference.   
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The costs differences between the CODP model and the SBS+ model are relative small 

that these are neglected. Only the distribution between SC WIP and SC Inventory need 

further explanation. As discussed previously the new planning framework consists of a 

more formal split between planning and execution. An order which is released will not 

get rescheduled. An order released to a PU will be expected to be ready after the CT. 

ASML will in principle not intervene with delivery dates which are agreed with the 

supplier, this originates from the newly developed concept. Stopping with Re-outs will 

have the effect that items will be finished until the next DP. In the DP an item can then be 

stored until there are requirements for the item. This will result in more stock at stocking 

locations, which results in more space in the supplier operations  as they do not have to 

cope with all half finished items stored somewhere around the operations.  

SBS+ finds its advantages in the service levels. The on time delivery rises by 35% on 

average and the Average weeks late drops by about 80%. These affects can be explained 

by the better material availability of the buy-items. The buy-items are not ‘stored’ in the 

Suppliers operations but at the CODP. The CODP is the place where buffers have a direct 

effect on service levels. SBS, where no Re-outs are used, does have the tendency to place 

stock right at the place where it contributes most to the end-item service level.    

The effects of a planning method which uses the Echelon Inventory Position in 

comparison with a method which doesn’t can be observed in the safety stock calculations. 

For the CODP model and the Current situation model the safety buffer is calculated based 

on the future requirements of the end-items. Based on this figure the Safety buffer is 

calculated such that new order-up-to levels are determined. This method does not concern 

any material availability downstream. This method only looks at the Machine Start Plan 

to find the material requirements of that item. If an item downstream has excess 

materials, and the MSP has scheduled an item then all items upstream will calculate of 

SC WIP 51% 55% 58% 30%

SC Inventory 1% 3% 10% 34%

ASSY WIP 8% 5% 5% 5%

ASSY Inventory 1% 0% 0% 2%

FASY WIP 24% 20% 20% 21%

FASY Inventory 15% 0% 0% 0%

Total Pipeling Inventory 100% 83% 93% 92%

Overall Service Level 100% 63% 122% 136%

XT800 SL 131% 69% 121% 132%

XT1400 SL 75% 56% 121% 138%

XT1900 SL 104% 43% 119% 138%

AVG Weeks Late 100% 67% 67% 21%

XT800 WL 53% 53% 35% 21%

XT1400 WL 123% 70% 88% 18%

XT1900 WL 70% 88% 70% 18%

Reschedule Messages 100% 140% 158% 0%

Current State 

Current CODP

MRP SS Model 

New CODP

SBS+ Model 

New CODP

Current State 

New CODP

Table 8-1 Comparison of methods 
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this scheduled item the safety buffer, whereas the item downstream has excess of that 

material. In SBS+ the safety buffer is calculated on top of the Echelon Inventory Position 

such that any excesses downstream are taken into account in determining the buffer.  
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9 Conclusions 

The model presented in this Thesis is an application of Synchronized Base Stock policies 

for a low volume market like the market of ASML. The SBS+ model will be used in an 

Scenario Planning Tool, but can serve as an replacement of MRP.  

The original SBS model has been adjusted on three points. First a different method for 

synchronization has been proposed to be able to use mix flexibility as long as possible. 

This change does result in higher investments in the Supply Chain, but will generate more 

mix flexibility. The flexibility will make sure the ASML has the opportunity to gather 

more information before making choices about the different machines it markets. In the 

proposed SBS+ method extra flexibility is created by planning more specific items to 

cope with flexibility.  

Secondly the possibility has been introduced to forecast on an aggregated level to use less 

detailed forecasts for the long horizon, as these details are not known. Further this 

method creates the possibility to plan flexibility actively. This is done by creating over 

planned materials of specific components and a limited supply of common components. 

Thirdly the adjustments are affecting the algorithm to be better able to allocate the low 

volume activities of ASML. The allocation processes in SBS+ does not work with 

percentages of a material flow, but with individually picking the least prioritized item and 

reducing that order; this way more materials can be allocated without violating material 

constraints. 

A supply cone is an intuitive way of representing the state of the supply chain. Supply 

cones represent the maximum potential output for which the supply chain will be 

prepared. The concepts which determine the architecture of SBS are very well suited for 

creating supply cones. This can help at two levels; the first is by creating detailed pictures 

of the state of the supply chain. This represents at which points in time extra 

opportunities can be made available. The second level is by visualizing when and which 

item will be the limiting factor of the output. The output is constraint by at least one item, 

by representing which items are limiting the output actions can be addressed at those 

items potentially resulting in higher output.  

The evaluation studies show that SBS+ can be beneficial for ASML. With reduced costs 

of about 8% and a 32% rise in service levels compared with the current method do show 

the numerical benefits for ASML. SBS+ also outperforms a method which optimizes 

MRP planning by determining dynamic Safety Stocks, compared with this method a 14% 

rise in service level has been archived in a simulation study with equal total costs.  

The benefits of SBS+ are also in the possibility to create more insights in the potential 

output for ASML and the limitations on the output. The inner structure of SBS and SBS+ 

are built on different logic then MRP methods. The inner structure enables creating 

Supply Cones and helps with determining which items are limiting the output. 

SBS+ is an adjustment of the original method to make a better fit to the low volume 

market of ASML. While other projects will determine the suitability of other methods we 

can conclude that SBS+ is a good starting point for further development for a scenario 

planning tool at ASML     

9.1 Recommendations  

To implement the scenario planning tool at ASML the following processes must be in 

place. First there need to be a process which ensures the data accuracy between the start 
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of the planning process and the end of that process. Second there is a process required 

which can transform the planning for the item in the scenario tool to all other items in the 

ASML supply chain. 

The planning process takes some time to be completed. At the start of this process a data 

download has been made from the ERP system and after the process the results must be 

uploaded to the ERP system. During this process the world keeps on turning and the state 

of the system can be changed. In the current way of working this has been solved by 

running the planning during the weekends in which none or at least few changes occur 

than during weekdays. In the new process it likely that the determination and selection of 

the business scenario will be done during weekdays. At the start of the process the data 

will be downloaded from the ERP system, and afterwards the data will be uploaded back 

into the ERP system. There need to be a process in place which guarantees that either the 

inputted data is adjusted according to the changes made during the balance process. Or 

there need to be a process which will ensure the state of the system for the next period for 

which the planning is made.   

There are a number of ways to implement the scenario tool as described in this thesis. In 

making a choice for the implementation approach various arguments are available.  

The first part is the speed of calculation; if the scenario tool can run all parts in the supply 

chain within the time described in the requirements then all items must be part of the 

scenario planning. If however the run time of the tool would take to long the approach for 

taking all critical items and a few summary items can be used. The critical items are a 

selection of items which have proved themselves as having supply issues, or are 

expensive, or have a long lead time. The summary parts will include the supply cone for 

the remaining set of items for a unique end item. For each machine which is included in 

the planning a summary item must be included. The summary item is used to control the 

material constraints of the other items and will be the translation between the scenario 

tool and the BOM structure of the remaining items. For these items a PU exists in which 

the coordination is done to supply all items which are needed to supply a machine to the 

customers. The inventory and WIP of summary items consists of a combination of all 

items which they represent. The supply cone of the summary item is determined by the 

WIP and inventory of all items which the item is representing. The minimum machine 

output of all items will be used as input for the summary item.    

9.2 Further Research 

The proposed algorithm does solve some issues with respect to the problems identified in 

chapter 2 and the requests in chapter 4, but there remain some issues which will require 

further attention. First a process must be developed to be able to plan customization 

options, (or main options). Secondly a process must be identified to be able to test the 

solution for capacity constraint in the future and anticipate for those constraints. And 

finally a process must be in place such that the planning system can cope with 

engineering changes. Next the three issues will be further explained and the problem will 

be detailed out.  

As discussed in chapter 4 a part of the items which will be assembled into a machine are 

configurable. These items are for example the type of laser, or a choice for a left or a 

right oriented machine. These items will require special attention. Two basic solutions for 

this issue which do not cover all problems are: Ordering all options, secondly ordering 
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the configurable in a separate process. The first option will cause too much stock as for 

each machine one laser has been ordered double. Whereas the second option misses the 

coordination between the option and the machine where it has to go in.   

Capacities are for the ASML SC very important and often the most limiting factor. An 

extra SBS extension should be how to forecast future capacity shortages and how to 

avoid them if they are forecasted. If a process or algorithm could be developed such that 

the ordering at the SC is done with respect to future capacity limitations then SBS+ 

would get a much better fit. This process is especially important during an upturn, and 

especially during an upturn when it is important to accurately forecast the start of an  

upturn and have such confidence that ASML and its suppliers are prepared to invest in 

the supply potential might be even more difficult than building the algorithm. Further 

stays the problem with respect to the balancing of risks and opportunities which become 

more important if the company is in a downturn.     

An important part in an operational planning tool for ASML is how engineering changes 

are being handled. Engineering changes occur about 80 times a week, such that this can 

have huge effects on the planning system and the administration around it. The ability of 

a planning system to at least cope with engineering changes can make or break the system 

at ASML. 
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List of Abbreviations  

Abbriviation 

ASSY : Module Assembly at ASML  

ATO : Assemble-to-Order  

BOC : Bill-of-Capacities  

BOM : Bill-of-Materials  

BOP : Bill-of-Processes  

CP : Central Planning  

CTO : Configure-to-Order  

DP : Decoupling Point  

EIP : Echelon Inventory Position  

FASY : Final Assembly at ASML, including TEST  

GSD : Goods Shipment Date  

MA : Material Autohorizations  

MSP : Machine Start Plan  

MTO : Make-to_Stock  

MTS : Make-to-Stock  

NPC : New Planning Concept  

PSC : Philips Semi-Conductors  

PU : Production Unit  

PUC : Production Unit Control  

re-in : Reschedule-in the delivery date  

SBS : Synchronized Base Stock  

SC : Supply Chain  

SCCODP : Supply Chain Customer Order Decoupling Point  

SCI : Supply Chain Items  

SCMTO : Supply Chain Make-to-Order  

SCMTS : Supply Chain Make-to-Stock  

SCOP : Supply Chain Operations Planning  

UOPD : User Order Decoupling Point  

WIP : Work in Process  
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Appendix 1 MRP vs SBS – synchronization example 

In this appendix a small example is described to show the difference between MRP and 

SBS when demand occurs that is not forecasted. In this example Components A and B 

will be assembled into Item C. Demand forecasts show that for the foreseeable future a 

demand of 3 per period is forecasted. As long as actual demand will be 3 the situation for 

all periods will look like appendix figure 1. Item C has a stock of 6; three to supply this 

period’s demand and three as a buffer. Components A and B also have a buffer stock of 

three.  

 
Appendix Figure 1 MRP vs SBS - Normal state of example supply chain 

At some period, period 11 in this case, there is an unexpected high demand of six 

(appendix figure 2). This means that the safety buffer of Item C will now be used. For 

ordering both methods will try to raise the buffer as soon as possible. Due to the 

synchronization of SBS that method will not order component B higher at this moment. 

MRP however will order component A and B right when the unexpected demand has 

occurred.   

 
Appendix Figure 2 MRP vs SBS - Unexpected demand occurs, difference in ordering 

After three periods when extra items of component A are in the pipeline at a distance 

equal to the lead time of component B (Appendix Figure 3) SBS will start to order 

component B. MRP has already ordered B earlier and B is thus in the pipeline.  
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Appendix Figure 3 MRP vs SBS – SBS will start ordering component B 

In Appendix Figure 4 it can be seen that although MRP has ordered component B earlier 

the production of item C will start for both methods at the same time period. The only 

change is that in the MRP situation extra stock of component B exists.  

 
Appendix Figure 4 MRP vs SBS – Both methiods start producing item C. 

After some periods the situation (Appendix Figure 5) will return to the normal statejust 

like the first picture in this appendix. In a very simple case like this the difference 

between SBS and MRP due to the synchronization can be easily seen.  

 

 
Appendix Figure 5 MRP vs SBS – Normal steady state has returned 
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Appendix 2 Evaluation Data 

In this appendix the simulation data is added. First the Item data used, second the BOM 

data used, and in the third table the capacity constraints. The operational data can be 

found in either the prototype tool or in the Baris model/CODP model. 
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