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Abstract
Philips Healthcare has the ambition to drastically lower the high level of inventory of Magnets and to
improve the right level of mix. In this thesis project multiple supply chain modeling software tools are
evaluated, with as result that Supply Chain Guru is the optimal tool for this project. Using this
software tool the current MR magnet supply chain and various improvement changes in the form of
scenarios are modeled. The simulation results show that the total supply chain cost can be reduced
by up to 50% through radical scenarios, 10% can be enabled by supply chain optimization and 40% by
breakthrough scenarios.
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Management Summary
Introduction
Royal Philips is divided into three operating sectors: Consumer Lifestyle (C.L.), Lighting and
Healthcare. Philips Healthcare is further divided into four business groups: Imaging Systems,
Customer Services, Home Healthcare Solutions and Patient Care & Clinical Informatics. This project
was executed at Philips Healthcare in assembly center 1, within the business group Imaging Systems.
This project involves choosing a software tool to model the MR magnet supply chain, modeling the
current supply chain and calculating the performance of different supply chain scenarios and
settings.
The MR magnet supply chain follows a push production strategy; all decisions in the supply chain are
made based on production and transportation schedules. Due to long E2E supply chain lead times,
these schedules are created based on relatively low accuracy forecasts made several months in
advance. The supply chain also contains seasonality in demand and production capacity restrictions,
resulting in the maximum production of magnets each week in order to deal with the peaks in
demand. The combination of relatively low forecast accuracy and producing the maximum amount of
magnets each week results in high levels of inventory with a mismatch in mix of magnets. The
following research questions are defined in order to improve this supply chain.
What are the optimal supply chain scenarios and settings per product-market combination in terms of
total cost for MR magnets, while keeping the predetermined customer satisfaction level and customer
lead time?


From the available software solutions packages, Supply Chain Guru, the proprietary
P.A. tool, the Access tool and the software tool Chainscope, which best fit this project
in terms of usage (how easy is the tool to use), required input and amount of detailed
output?
 What is the required satisfaction level of the modality MR; is this satisfaction level on
an aggregate level or product / customer specific?
 Do the inventory optimization results provide a satisfactory service requirement level
when running a simulation of the current supply chain?
Methodology
For this research project, the empirical research model provided by Mitroff et al. (1974) is applied.
This research model contains the following four phases: conceptualization, modeling, model solving
and implementation.
During the conceptualization phase, the scope of the problem and that which influences the situation
is decided. The different supply chain scenarios that will be modelled and simulated are also decided
during this phase. The modeling phase transforms the conceptual model into an actual model. In this
project a simulation model is built by putting all data gathered in the conceptual model into an actual
computer based simulation model. For this project another step needs to be taken before modeling
is applied in which the software tool is chosen with which the simulation model is made. The model
solving phase is, as the name suggests, is solving the model. This phase contains transforming the
raw output data of the software tool into clearly defined KPI’s as well as the verification and
vi

validation of the simulation model. As this project is a master thesis project dealing with a multimillion euro supply chain, the implementation phase is reduced to presenting the results and
conclusions of the supply chain scenario simulations to senior leadership of the business.
Software Tool Selection
During this master thesis project, four different supply chain optimization / simulation software tools
are compared. These software tools are Chainscope, Supply Chain Guru, P.A. Tool and the Microsoft
Access Tool. There is currently no standard method of comparing ERP software tools. In order to
compare these software tools, multi-criteria decision making will be used with a weighted factor
applied to each criterion. The software tool that received the highest marks is Supply Chain Guru, a
software tool from LLamasoft one of the leading companies in supply chain design software.
A safety stock optimization with a fill rate of 95% is run for the current MR magnet supply chain. The
simulation module within Supply Chain Guru determined only a fill rate of ~60% using these safety
stock values. The difference in fill rate is due to the more realistic and complex supply chain that can
be modeled when running a simulation model, giving the preference to simulation for the remainder
of the project. According to Philips, the fill rate of the supply chain needs to be at least 90% per
product / key market combination.
Results
For this project over a dozen different supply chain scenarios are devised, modeled and simulated.
These scenarios are categorized into “normal” scenarios, which Philips has already started
implementing or is thinking about implementing in the next few months. A scenario in which all
normal scenarios are applied, is called baseline 2014. Besides these scenarios, additional what if
“radical” scenarios are simulated and compared.
The comparison of all these scenarios is based on the KPI’s set by Philips for the magnet supply chain
and includes total cost, inventory value and E2E supply chain lead time. Besides these three
performance parameters, all scenarios have similar service levels.
Table 1: Summary Scenario Results

Scenarios
Push Model
Baseline 2014
Breakthrough Scenario 2
Breakthrough Scenario 7
Breakthrough Scenario 8

Total Cost
1,00
0,97
0,89
0,53
0,52

Inventory Value
0,99
0,82
0,56
0,74
0,45

E2E Lead Time
1,00
0,76
0,52
0,66
0,41

Conclusion
Table 1 shows the results of the most interesting simulated supply chain scenarios. As is shown by
the baseline 2014 scenario, only when applying the radical scenarios is it possible to reduce the
performance parameters significantly.
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Each of the sub research questions has already been answered, leaving only the main research
question about the optimal scenarios and settings. Out of all scenarios, the breakthrough scenario 8
shows the best performing values in all 3 KPI’s making it the optimal supply chain scenario.
Implications and Future Research
This project provides insight into the MR magnet supply chain, and the effects of different types of
improvements on the KPIs by modeling supply chain scenarios. The Supply Chain Guru software tool
is an accurate tool for modeling and simulating different types supply chains.
The main output Supply Chain Guru provides for this supply chain is the amount inventory at each
stock point, the amount of magnets taking the different modes of transport, the E2E supply chain
lead time and the service levels for each magnet type / key market combination. However, detailed
cost model spreadsheets (Excel) are still required as complementary cost deep dives to the
simulation model.
The main recommendation from the scenario analysis is to shorten and simplify the MR magnet
supply chain.
The second recommendation is researching and implementing the breakthrough scenario. Due to a
large part of the total supply chain cost being associated with additional cost, reducing this cost has a
huge impact.
The first direction for future research is expanding the current MR magnet supply chain model with
all additional materials and costs mentioned in the limitation section. Furthermore the back-end
supply chain could be added to the model as well to simulate the full MR supply chain.
A second direction for future research is running the supply chain scenarios with forecasted future
values. In the future the demand pattern for the MR systems might change drastically due to
developing countries spending more of their budget on improving their Healthcare.
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1 Introduction
The content of this master thesis focuses on the area of supply chain modeling and simulation. This
project was executed at Philips Healthcare in assembly center 1, within the business group Imaging
Systems. This project involves choosing a software tool to model the MR magnet supply chain,
modeling the current supply chain and calculating the performance (amongst others costs, inventory,
lead times) of different supply chain scenarios and settings within Philips Imaging Systems. In section
1.1 a short description of the company is given followed by a description of the MR magnet supply
chain in section 1.2. Section 1.3 contains the report outline of this master thesis project.

1.1 Company description
1.1.1 Philips
Philips is an industrial multinational company founded in 1891 with the current headquarters in
Amsterdam, the Netherlands. Sales in 2012 were over 24.7 billion Euros and Philips has 118,000
employees world-wide. It has a €1.8 billion investment in R&D, 7.3% of sales, and owns 59,000
patent rights – 35,000 registered trademarks – 81,000 design rights.
Philips is divided into three operating sectors: Consumer Lifestyle (C.L.), Lighting and Healthcare. This
master thesis is being conducted at one of these sectors named Philips Healthcare, which is further
divided into four business groups. A graphical representation of the organization structure of Philips
can be found in appendix A.
1.1.2 Healthcare
Philips Healthcare is one of the three operating sectors within Philips and has grown considerably in
the last decade. Figure 1 shows that healthcare is currently the biggest operating sector of Philips in
terms of sales, with 43% of the total sales coming from Philips Healthcare.

Figure 1: Development of Philips sales portfolio from 2005 to June 2013

Philips Healthcare is further divided into four business groups: Imaging Systems, Customer Services,
Home Healthcare Solutions and Patient Care & Clinical Informatics.
1.1.3 Imaging Systems
Imaging Systems is one of the business groups under the sector Philips Healthcare. Philips Imaging
Systems is further divided into several modalities: Interventional X-Ray (iXR), Diagnostic X-Ray (DXR),
Computed Tomography (CT), Magnetic Resonance (MR), Nuclear Medicine (NM), Women's
Healthcare (WHC), and Ultrasound (US). This project is conducted at the MR modality within Imaging
Systems.
1
Philips Confidential

1.2 MR Magnet Supply Chain
Philips produces thousands of products, each with their own supply chain (although similar products
may share part of their supply chain). In this section the complex supply chain of the magnet in MR
systems is shown and the characteristics of this supply chain are explained.
Philips Imaging Systems has two supply chains for the production of MR systems. The first supply
chain contains building the magnet, its wiring and cover; the second separate supply chain contains
the rest of the components for a MR system (this is also called back-end). During this master thesis
only the MR magnet supply chain will be modelled and simulated due to it being the most important
and expensive component of the MR system. In figure 2 the MR magnet supply chain as it was at the
end of 2013 is shown, a full page version of this image can be found in appendix B.

Figure 2: Current MR magnet supply chain (end of 2013)

Philips produces a small number of magnet types, magnet 1, 2, 3 and 4. These magnets will be
modeled and simulated in this master thesis project.
The MR magnet supply chain is an internal supply chain with a main factory. After initial production,
the supply chain splits up into a few assembly centers: at the magnet factory and other locations.
Although these assembly centers are positioned all over the world, communication between the
assembly centers and the magnet factory is very good. Each of these assembly centers has their own
customers, grouped into key markets, forming the End to End (E2E) MR magnet supply chain for the
scope of this project.
Other characteristics found in the MR supply chain that are important to describe the complications
within this supply chain are:




Customer specific systems, ATO (Assemble To Order) production line
Long E2E (End to End) supply chain lead time
Low and volatile demand, a few hundred products per year

2









Supply chain is managed by production and transportation schedules based on forecasts of
demand, products are pushed through the supply chain
Forecasts of demand become more accurate when closer to the due date
Stochastic production lead times and transport times between the magnet factory and the
assembly centers
Production capacity restrictions
High value systems, a few hundred thousand euros per magnet dependent on magnet type
Additional cost
Multiple modes of transport between the magnet factory and the assembly centers

From the start of the supply chain, which is buying raw materials (in the case of MR magnets that is
the superconducting wires), all decisions are made based on production and transportation
schedules. These schedules are created based on forecasts made several months in advance, while
also keeping the magnet production line constant due capacity restrictions. Due to the long lead time
of the MR magnet supply chain, the forecast accuracy at the start of production in the magnet
factory is relatively low compared to the actual demand at the moment of shipment.
Because of capacity restrictions, the production in magnet factory and the assembly at the assembly
centers make use of production slots. Each magnet requires one production slot, where the amount
of production slots at a location is decided by the maximum production / assembly capacity. The
demand pattern for MR systems shows signs of seasonality and in order deal with peaks in demand,
the magnet factory and assembly centers need to fill all productions slots (if the raw materials for
that production process is available) producing the maximum amount of magnets per week.
In conclusion, the supply chain is managed through relatively low accuracy in forecasts. Furthermore
due to production capacity restrictions, the production and assembly processes are producing the
maximum amount of magnets per week leading to high levels of inventory with a critical mix of
magnets (although the total amount of inventory might match the actual demand, the amount of
units of inventory per magnet type can be improved).
Prior to this project, most attention of the employees was more focused on their own department
than looking at the larger picture of the whole E2E supply chain and its performance. Only a few
employees within the MR magnet supply chain are focusing on optimizing the MR magnet supply
chain as a whole instead of optimizing their own department, giving this project also the purpose of
increasing awareness and showing the importance of optimizing the performance of the E2E supply
chain as a whole.
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1.3 Report outline
This report is divided into 7 chapters, which include a literature review, research design, software
tool selection method, conceptual model, results of the supply chain scenario simulations,
conclusions and recommendations. In chapter 1 a short description of Philips and the MR magnet
supply chain is given.
Chapter 2 provides a literature review about supply chains and supply chain modeling. This chapter
explains the different production control strategies that are used within supply chains. The literature
review also contains information about the difference between mathematical calculation and
discrete event simulation and gives a general indication when to use which method.
Chapter 3 explains the research design of the project, which follows four phases: conceptualization,
modeling, model solving and implementation.
In chapter 4, the different candidate software tools are being compared. A short explanation of each
software tool is giving followed by a multi-criteria decision making process with weighted factors.
Chapter 5 contains the conceptualization of the model and the modeling itself. The KPI’s as well as
the input parameters are listed and explained in great detail. Furthermore the modeling of multiple
exceptions is described, followed by a list of decision variables and assumptions.
The description of the simulated supply chain scenarios is given in chapter 6. This chapter also
contains the results received from simulation of the normal and radical scenarios, in terms of average
inventory, E2E supply chain lead time and cost.
The final chapter contains the conclusions and recommendations for this project and future research
in this field.
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2 Theoretical Background
2.1 What is a Supply Chain
The common role for all manufacturing industries is to create wealth by adding value and selling
products. In order to add value and sell products, companies need to control the flow of materials
from suppliers, through the value adding processes and distribution channels, to the customers
(Stevens, 1989). The process to acquire raw materials, add value to these raw materials by
converting them into a final products and delivering these final products to customers is called the
supply chain. Supply chains are regulated by multiple business entities, such as suppliers,
manufacturers, distributors and retailers working together (Beamon, 1998). In the past these three
types of process steps were managed independently. The increase in competitiveness and market
globalization has pressured companies to increase the efficiency of the whole supply chain by
coordinating the planning across the supply chain, rather than optimizing only their own process
(Thomas & Griffin, 1996).

Figure 3: Supply chain containing material and information flows (Verwijmeren, van der Vlist, & van Donselaar, 1996)

Figure 3 shows a general supply chain including both a flow of materials and a backward flow of
information. The arrow indicated as “Goods” represents processes, which can be transportation,
manufacturing, assembly, etc. Depending on the level of detail in which you model the supply chain a
single process can range from building a car up to a much more detailed level like attaching a mirror
to the door of a car. As can be seen in figure 3, between the processes are stock points that decouple
the supply chain. These stock points are buffers against uncertainties in supply chains (Davis, 1993).
2.1.1 Supply Chain Management
The term supply chain management was first introduced into the world by Keith Oliver, a consultant
at Booz Allen Hamilton (Ayers, 2006; Melnyk, Narasimhan, & DeCampos, 2013). Although the term
supply chain management didn’t exist until 1982, Clark and Scarf were already studying multiechelon inventory & distribution systems in 1960 (Thomas & Griffin, 1996; van der Vorst, Beulens, &
van Beek, 2000).
Literature shows many different definitions for the term supply chain management over the years;
Mentzer, et al combined them into a single definition: “supply chain management is defined as the
systemic, strategic coordination of the traditional business functions and the tactics across these
business functions within a particular company and across businesses within the supply chain, for the
purposes of improving the long-term performance of the individual companies and the supply chain
as a whole.” (Mentzer, et al., 2001).
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2.2 Production control strategies
Each supply chain has a production control strategy that either consists of a push system, pull system
or a hybrid system consisting of both push and pull systems. “The terms push and pull refer to the
means of releasing jobs into the production facility.” (Spearman & Zazanis, 1992). Literature tells us
that a pull system is superior to a push system; however, a hybrid system containing both push and
pull elements, outperforms both. Currently the MR magnet supply chain is steered by a push control
strategy, but management has been discussing switching to a pull steered supply chain.

Figure 4: Push system versus Pull system

2.2.1 Push
When a supply chain is using a push system, jobs are started at a due date. This due date is
calculated by subtracting an established lead time, the total process time (e.g. production, waiting
and / or transport) between the initiation and execution of a process, from the date the material is
required. The concept of push systems existed decades before elements of a pull system started to
show. Push production control strategy builds to forecast rather than use actual demand. Using the
push production control strategy, the supply chain controls its throughput and measures the work-inprocess (Spearman & Zazanis, 1992).The push system is most efficient in a stable environment where
the lead times and the forecast of demand are accurate (Hagel III & Brown, 2008).
2.2.2 Pull
The characteristic of pull systems is that downstream processes are pulling stock from previous
processes in the supply chain. Instead of anticipating the demand with the help of forecasts, pull
systems react from demand, when an item leaves the supply chain a new production process is
started. Rather than controlling the throughput and measure the work-in-process within a supply
chain, the pull system controls the work-in-process within a supply chain and measures the
throughput against the actual demand (Spearman & Zazanis, 1992).
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2.2.3 Hybrid
The concept of a hybrid production control system refers to a production control strategy that
incorporates both a push and pull strategy, this hybrid system is superior when compared to push
and pull control systems (Takahashi & Nakamura, 2004). A hybrid system benefits as much as
possible from the advantages of the separate push and pull systems (Chouinard, D’Amours, & AïtKadi, 2005):



Push: prevents demand variability in the system.
Pull: decreases inventory levels.

2.3 Customer order decoupling point
The customer order decoupling point (CODP) is a special type of decoupling point in the material flow
where a product gets linked to a customer order. Depending on the location of the CODP within the
supply chain, different manufacturing situations occur: make-to-stock, assemble-to-order, make-toorder and engineer-to-order (Olhager, 2010). As mentioned in section 1.2, the MR magnet supply
chain is an assembly to order supply chain where the magnet is made customer specific during the
assembly and customization process at the very end of the supply chain.

Figure 5: Placement of the CODP (Olhager, 2010)

The customer order decoupling point is the point in the supply chain where the production process
changes from forecast driven, upstream of the CODP (make-to-stock), to customer order driven,
downstream of the CODP (make-to-order). Most supply chains only have a single dominant CODP,
however in complex supply chains it is possible to have additional product specific or location specific
CODPs (Olhager, 2010).

2.4 Supply chain modeling
Supply chain modeling is defined as modeling of a supply chain with all its policies generated through
supply chain management. The development of supply chain modeling didn’t begin until the late
1980’s when firms started to lean towards outsourcing (Kress & Wisner, 2012).
One of the most important function of models, especially supply chain models, is to help with the
decision making process. Supply chain models are often used during supply chain network design and
redesign in order to measure the supply chain performances of each supply chain network design
before implementing them (Beamon, 1999; Nagurney, 2010). These performance measurements are
extremely important since designing and redesigning a supply chain network is a large investment
and companies want to understand the approximate impact of the supply chain design before
investing in it.
Besides helping with decision making, literature shows that supply chain modeling also has other
benefits. Modeling changing behavior within a supply chain is required to analyze the potential
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benefits of supply chain management (van der Vorst, Beulens, & van Beek, 2000). Supply chain
models also have the function of communicating knowledge about the supply chain to upper
management. This knowledge gives managers accurate and timely information of the supply chain.
(Min & Zhou, 2002).
2.4.1 Features of a supply chain model
Before being able to start modeling a supply chain one first needs to know the essential supply chain
components that must be managed. Once the essential components are known, the next step is to
set specific supply chain goals followed by developing specific KPIs (Key Performance Indicators).
“Since a performance measure dictates the desired outcome of the supply chain model, it is very
important for a model builder to identify key components of a supply chain.” (Min & Zhou, 2002).
2.4.1.1 KPIs / Performance Measurements
When designing or redesigning a supply chain it is important to measure different performances of
each scenario. Key Performance Indicators (KPIs) are a selected set of variables that capture the
impact of actual working supply chains on revenues and costs of the whole system. In this way KPIs
provide a measure for supply chain performance. These variables are always derived from supply
chain management practices (Cai, Liu, Xiao, & Liu, 2009). KPIs are always measured quantitative
(numerically), since qualitative evaluations (e.g. good, fair, adequate and poor) are often vague and
much less likely to be useful when comparing different supply chain scenarios (Beamon, 1999).
In the past the most commonly used supply chain performance measurements were either cost
based or a combination of cost and customer responsiveness. These performance measurements
included inventory costs, operating costs, lead time, stock-out probability, and fill rate (Beamon,
1999). Nowadays, most companies understand the importance of the balance between both financial
and non-financial KPIs (Gunasekaran, Patel, & McGaughey, 2004). There are currently three KPI´s in
which Philips is interested for the MR magnet supply chain; these include cost, E2E supply chain lead
time and the total value of inventory in the supply chain.
2.4.1.2 Supply chain constraints
When modeling a supply chain constraints on certain decision alternatives can be explored.
Constraints are limitations placed on these decision alternatives in order for the results of the supply
chain model to be feasible. Some examples of supply chain constraints that can also be found in the
MR magnet supply chain are (Min & Zhou, 2002):




Capacity: “The supply chain member’s financial, production, supply and technical capability
determines its desired outcome in terms of the level of inventory, production, workforce,
capital investment, outsourcing, and IT adoption. This capacity also includes the available
space for inventory stocking and manufacturing.” (Min & Zhou, 2002)
Service compliance: The ultimate goal of a supply chain is to satisfy the customers and
therefore constraints regarding fill rate and maximum order lead time should be
implemented.

2.4.1.3 Supply chain decision variables
When modeling a supply chain, the performance measures (KPIs) are generally expressed as
functions of one or more decision variables. Examples of decision variables found in literature are
given (Beamon, 1998; Min & Zhou, 2002):
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Location: The location of the plants, warehouses, consolidation points and sources of supply.
Allocation: Determines which warehouses, plants and consolidation points serve which
customers, market segments and suppliers.
Network structuring: Determines which combination of suppliers, plants, warehouses and
consolidation points should be utilized or closed down.
Number of stages (echelons): Determines the number of stages within the supply chain.
Inventory level: Determines the optimal amount of finished product, part, work-in-process,
raw material and stock-keeping unit stored at each stage in the supply chain.

2.4.2 Methods of analysis
This theoretical background is limited to mathematical models and discrete event simulation because
these are the analysis methods used by the multiple software applications for supply chain analysis
that are considered for this project.
2.4.2.1 Mathematical models
In the literature there are two major focus areas of mathematical supply chain optimization models.
The first area of focus is “the process of planning, implementing and controlling the operations in an
efficient way. Supply chain management spans all movements and storage of raw materials, work-inprocess inventory, and finished goods from the point-of-origin to the point-of-consumption.” (Melo,
Nickel, & Saldanha-da-Gama, 2009). These methods generally deal with operational or tactical /
operational level. The second major area in mathematical modeling literature is supply chain design;
determine the location of production, warehousing, sourcing facilities, the paths the products take
through them and assigning customers to each location. These methods usually deal with strategic or
strategic / tactical level. (Biswas & Narahari, 2002)
2.4.2.2 Discrete event simulation
It is important to put many realistic features in the model when modeling a supply chain in order to
obtain a very accurate and detailed model. These features can be represented in simulation models
(Biswas & Narahari, 2002). The use of simulations to model supply chains is relatively new compared
to using mathematical formulas. Unlike formulas, simulations have to be performed using
computational calculations.
Discrete event simulation models consists of entities, resources control elements and operations.
“Dynamic entities flow in the simulation model (i.e. parts in a manufacturing system, products in a
supply chain, etc.). Static entities usually work as resources (a system part that provides services to
dynamic entities). Control elements (such as variables, Boolean expressions, specific programming
code, etc.) support simulation model states control. Finally, operations represent all the actions
generated by the flow of dynamic entities within the simulation model.” (Cimino, Longo, & Mirabelli,
2010). During a simulation run an entity changes it state multiple times. There are five different
states (Cimino, Longo, & Mirabelli, 2010):





Ready state: the entity is ready to be processed
Active state: the entity is currently being processed
Time-delayed state: the entity is delayed until a predetermined simulation time
Condition-delayed state: the entity is delayed until a specific condition will be solved
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Dormant state: in this case the condition solution that frees the entity is managed by the
modeler

Discrete event simulation provides two problems. The first problem is related to the difficulties in
modeling complex scenarios; the other problem is that computational heavy simulation models could
result from using too many entities (Cimino, Longo, & Mirabelli, 2010). In order to reduce the time it
takes developing and implementing object orientated models, a multi-agent approach can be used
by having a set of generic objects represent various entities of the supply chain (Biswas & Narahari,
2002). Swaminathan, Smith and Sadeh (1998) give a multi-agent approach framework to simulation
modeling in order to reduce the design and performance time of the model.
2.4.2.3 Mathematical models versus simulation
Ingalls (1998) looked at the best method of modeling for each of the aggregation levels: scheduling
(operational), tactical planning and strategic planning. “For scheduling applications that can be
modeled with optimization (mathematical) techniques, optimization is clearly the better choice. In
this case, simulation should be used when optimization cannot be used.” (Ingalls, 1998). When
modeling at the tactical planning level simulation should be used if the demand forecast is a guess. If
the demand forecast is firm and won’t change over time, then an optimization model would be best.
On the strategic aggregation level a combination of optimization and simulation can be used.
Optimization can help determine the location of new facilities and also indicate which facilities can
be closed. Following the optimization of locations, simulation can be used to be sure the supply chain
delivers products as expected. “The simulation would help set inventory policies based on demand
variability and demand risk. The simulation can also give a more realistic capital purchase plan, labor
requirement, and a better overall cost estimate.” (Ingalls, 1998).
There are two situations when simulation should always be used instead of optimization, the first
situation is when the model is too complex to optimize. In this case, analytical models would have
numerous constraints and require the model to be simplified in such a way that the model doesn’t
represent reality anymore. On the other hand, discrete event simulation allows for the logistic
systems to be modeled more realistically. (van der Vorst, Beulens, & van Beek, 2000; Biswas &
Narahari, 2002).
The second scenario is when variance plays an important role in your supply chain. Some of the
major problems with using mathematical models to optimize are that these models can’t handle
demand variance or forecast error and the results from the optimized model can never be achieved
since the reality will always be different from the model you build (Ingalls, 1998).
2.4.3 Validation
Most papers about supply chain modeling barely mention validation or don’t mention it at all. The
two most common methods used are face validation and comparing the model performance
measures with the real life situation measurements (Cimino, Longo, & Mirabelli, 2010; van der Vorst,
Beulens, de Wit, & van Beek, 1998). Face validation refers to a method, where non-experts look if a
model will follow reality; this is considered a less rigorous validation technique. Although face validity
provides insight, it in itself is insufficient for assessing a model’s validity (Sargent, Glasow, Kleijnen,
Law, McGregor, & Youngblood, 2000).
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There are several statistical tests for validation, which include Student’s t statistic, linear regression
analysis, and basic design of experiments (DOE). However when modeling complex supply chains the
assumptions needed for these statistical tests might not hold, since the simulated and real data
might not be normal, independent, identically distributed (NIID). When this is the case, “the most
definitive technique for validating a simulation model of a proposed modification of an existing
system is to simulate first the current system and to compare the model performance measures with
the corresponding system measures.” (Sargent, Glasow, Kleijnen, Law, McGregor, & Youngblood,
2000). Because of the complexity of the MR magnet supply chain, the best method for validating the
model is comparing the results of the model with actual values.

2.5 Conclusion
The MR magnet supply chain will be modeled from end to end and in order to keep the model size
manageable it is modeled on a strategic level. The modeling and analysis of the supply chain will be
performed with the help of a software tool that is using mathematical formulas or simulation as a
method of analysis. This is based on literature that states that for modeling a supply chain on a
strategic level the optimal method of analysis is a combination of mathematical formulas as well as
simulation. Depending on the complexity of the real world supply chain, it may not be possible for
the model to be solved using mathematical formulas; in that case only simulation should be used.
For a complex supply chain model such as the MR magnet, the two methods used for validation are
face validation and comparing the results of the model with real world measurements. Although face
validation is often used, this method is not very sound and therefore comparing the results of the
model with real world measurements will be used as validation.
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3 Research Design
As mentioned in the in section 1.2; the current MR magnet supply chain is very complex due to
having customers all over the world. The current inventory within this supply chain is too high and
the goal of this project is to look for solutions to this problem by modeling and simulating different
supply chain scenarios.

3.1 Research Questions
The main research question of this project is:
 What are the optimal supply chain scenarios and settings (customer order decoupling
point, inventory levels, stock points, etc.) per product-market combination in terms of
total cost (inventory and landed costs) for MR magnets, while keeping the
predetermined customer satisfaction level and customer lead time?
In order to answer this research question we’ll have to answer the following sub-questions.
 From the available software solutions packages, Supply Chain Guru, the proprietary
P.A. tool, the Access tool and the software tool Chainscope, which best fit this project
in terms of usage (how easy is the tool to use), required input and amount of detailed
output?
 What is the required satisfaction level of the modality MR; is this satisfaction level on
an aggregate level or product / customer specific?
 Do the inventory optimization results provide a satisfactory service requirement level
when running a simulation of the current supply chain?

3.2 Research Methodology
Literature states that research methodology depends on the type of research that is being
conducted. Bertrand and Fransoo distinguish between axiomatic or empirical, and descriptive or
normative research (Bertrand & Franscoo, 2002). The research of this project is empirical and
normative research, since the aim of the project is to solve an actual problem. An empirical research
model is provided by Mitroff et al. (1974), which contains the following four phases:
conceptualization, modeling, model solving and implementation. Furthermore additional phases,
validation and feedback, can be found in the model of Mitroff et al.
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Figure 6: Research model by Mitroff et al. (1974)

3.2.1 Conceptualization
Conceptualization is the first phase in the research model of Mitroff et al., during this phase reality /
problem situation is constructed into a conceptual model. The scope of the problem and that which
influences the situation (and needs to be modeled) will be decided. Also the different supply chain
scenarios that will be modelled and simulated are decided during the conceptualization phase. The
conceptualization phase is described in chapter 5.
3.2.2 Modeling
The modeling phase transforms the conceptual model into an actual model, which can be presented
as mathematical formulas or as a simulation model. In this project, the latter is applied in which all
the data gathered in the conceptual model is put into an actual computer based simulation model.
For this project another step needs to be taken before modeling is applied in which the software tool
is chosen with which the scientific model is made. The software tool criteria and selection will be
explained in full detail in chapter 4.
3.2.3 Model Solving
The model solving phase is, as the name suggests, solving the model. Since this supply chain has
some very complex features making it impossible to solve the problem optimally while keeping the
model realistic, simulation is suggested and used for this project (Bertrand & Franscoo, 2002). Most
of the model solving itself will be done by the software tool chosen in chapter 4; however verification
and validation steps of the simulation model are also conducted during the phase. This phase also
contains transforming the raw output data of the software tool into clearly defined KPI’s.
3.2.4 Implementation
The fourth and final phase of the research model is implementation. Normally this phase includes
implementing the solution found in the previous phase into the real life situation. As this project is a
master thesis project about a multi-million euro supply chain, the implementation phase is instead
reduced to presenting the results and conclusions of the supply chain scenario simulations to senior
leadership of the business and functions involved.
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3.3 Deliverables
3.3.1 Software Tool
The main deliverable of this project is the quantifiable comparison between different scenarios of
supply chains using the chosen software tool. After a comparison of the different software tools and
a selection of the most appropriate one, the chosen software tool will be used to model the supply
chain of the MR magnets. Different scenarios of this supply chain will be modeled using the software
tool and a quantified comparison between the scenarios will be made.
This software tool supply chain model forecasts the service level, landed and inventory cost and lead
time when implementing different supply chain scenarios and settings. Based on this data Philips can
decide the optimal supply chain for each of their products. This software tool should still be
applicable for Philips even after the student has finished his master thesis. Therefore a guidebook
will be delivered together with the software tool.
3.3.2 Service level
The software tool uses forecasted data when simulating different scenarios. Using this data the
software tool will run its simulations and show the achieved fill rate. The model should show the fill
rate for single items instead of the aggregate fill rate per modality.
3.3.3 Cost
Another very important deliverable of the software tool is to determine and compare the total cost
of the supply chain scenarios. The total cost is made up of inventory holding cost, inbound &
outbound transportation cost and additional cost.
3.3.4 Lead time
The third KPI that the simulations of the software tool should deliver is total E2E supply chain lead
time from the start of production at the magnet factory till the moment the magnet is shipped from
the assembly centers to the key markets.
3.3.5 Sub-deliverables
Besides the main deliverable, which is the software tool and the supply chain scenarios created with
it, there are also a few sub-deliverables. These sub-deliverables are:
 Analysis of Chainscope, the P.A. tool, Supply Chain Guru and the Access tool and a
comparison of the tools using the comparison criteria (comparison table).
 Inventory level analysis at the customer order decoupling point and other decoupling points
in the scenarios created by the software tool.
 A guide for the selected software tool explaining how it works and in more detail
explanations for the input and output of the model.

3.4 Scope
The goal of this project is to provide Philips Imaging Systems with a software tool that they can apply
to their products. This software tool will be used to choose correct supply chain scenario with the
lowest cost while keeping the customer satisfaction above the given 90%. This project is a master
thesis and therefore has a duration of about 9 months. In order to be able to deliver this tool within
the given time it is important to determine what is within the scope of this project and what is out of
the scope.
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3.4.1







3.4.2





Within the scope of the project
Compare the performance of Supply Chain Guru, the P.A. software tool, the Access software
tool and the Chainscope software tool – Currently Philips is already using software tools in
the decision making process for their supply chains. The performance of these tools will be
compared to the Chainscope tool, which is developed by Ton de Kok.
Inventory costs – The inventory cost applied to the supply chains.
Landed costs – The landed cost applied to the supply chains, these include transportation
cost and additional cost.
Lead times – The total lead time from the stock of raw materials till it is fully customized and
goes to the key market.
Modify and apply the chosen software tool to the supply chains within the MR department –
The software tool needs to be modified in order to be able to apply it towards the supply
chain of components in the MR department. The tool will then be applied in order to
determine the lowest costs supply chain while keeping given customer satisfaction level.
Out of scope of the project
Building a simulation tool for Philips Imaging Systems –Building a tool from scratch would
take too long for a master thesis project and there wouldn’t be time to implement it.
Using a too detailed aggregation level – When collecting the data and applying the
simulation models, the correct aggregation levels have to be used. Therefore demand will be
calculated per key market (APAC, Brazil, China, DACH, EMEA, India, Japan, LATAM, Mexico,
Middle East & Turkey, and NA) rather than on customer specific level.
Modifying and applying the software tool for the remaining modalities within Philips imaging
systems – Due to a time limit restriction of 9 months for this project the software will not be
applied to the remaining modalities: iXR, CT, DXR, NM, WHC and US.
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4 Software Tool Comparison and Selection
The software tool that will be used further on in the project to model and simulate the MR magnet
supply chain and its scenarios will be chosen in this chapter. Section 4.1 gives a short description of
each of the 4 software tools that will be compared. Section 4.2 contains the actual multi-criteria
decision making table with weighted factors, which is followed by a comparison in safety stock
optimization modules of the different software tools in section 4.3.

4.1 Software Tools Descriptions
4.1.1 Chainscope
Chainscope is a software tool, with an ERP (Enterprise Resource Planning) interface, that is
developed by Prof. Dr. A.G. de Kok. The program is designed to analyze the complete supply chain of
an organization from a multi-echelon perspective. This tool takes every step into account from
production to distribution. The software can be used to analyze the current performance of a supply
chain through an evaluation or identify the stock division for an optimized supply chain. Data up till
the last stock point of the organization is taken into account with Chainscope. Chainscope is based on
mathematical models, rather than on discrete event simulation. This software is specifically written
for optimizing inventory in supply chains and compares the current scenario with an optimal one (by
giving the optimal stock levels). This tool makes use of both Microsoft Access and Microsoft Excel.

Figure 7: Interface of Chainscope software tool

This software is user friendly and shows its outputs in both table format, with information on item
level and customer specific output, as well as multiple graphs for quick and easy analysis of the data.
The output also contains a Dupont scheme that is automatically generated during the calculations, as
well as an efficient frontier.
4.1.2 Supply Chain Guru
Supply Chain Guru is software developed by LLamasoft. LLamasoft is currently (one of) the largest
companies providing supply chain design software. After an analysis of different supply chain control
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and design software tools a few years ago by Philips, the Supply Chain Guru software was chosen by
Philips. This software is currently used by the C.L. and Lighting divisions within Philips for modeling
their supply chains. Currently the C.L. division van Philips is mostly using the software to optimize
their distribution and using the separate module within the software to optimize the stock by looking
at scenarios of stock pooling.
This software also allows easy sensitivity analysis and is overall easy to use. The software uses a
combination of mathematical algorithms and simulation. Once the data is put into the program,
mathematical algorithms are used to calculate optimal multi-echelon inventories and inventory
policies. The provided solution can then be used in discrete event simulations to show how the
calculated inventory stock levels and policies perform under real world circumstances.

Figure 8: Interface of Supply Chain Guru software tool

4.1.3 P.A. Tool
The P.A. tool is a software model programmed by P.A. consultancy group using Microsoft Access. In
order to run this model the software package ARENA from the company Rockwell is required. The
tool was created three years ago and was briefly used within Philips Healthcare to calculate multiple
aspects of different supply chain scenarios. Therefore supply chain models of multiple modalities
with Philips Imaging Systems already exist and the data only needs to be updated. Three years ago
when the tool was developed, Philips chose to use discrete event simulations over the use of
mathematical calculations. Due to the relatively low number of demand the simulations won’t take
too much time to run.
Rather than trying to optimize the supply chains, this tool can only compare different supply chain
scenarios that have to be created beforehand. This is a big difference compared to the ChainScope
and Supply Chain Guru software tools, which focusses on optimizing a supply chain (Supply Chain
Guru also contains simulation possibilities). This will be taken into consideration when determining
the tool with which to continue the project.
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4.1.4 Microsoft Access Tool
The Microsoft Access Tool is created by an employee of Philips C.L. This tool is fully created in
Microsoft Access without the need of any other programs to run the model; therefore it’s been
named the Microsoft Access tool. Because this tool is created by an employee of Philips there are no
costs associated with getting a license to use the tool. Just like ChainScope, this tool uses
mathematical calculations instead of discrete event simulations to generate its output. The tool is
currently only used for make to stock supply chains, but it is possible to add a CODP by changing
some of the parameters in the model. The main goal of this tool is to compare different supply chain
scenarios and provide a sensitivity analysis. When comparing these scenarios the stock will be
optimized using the minimum fill rate given.
The whole tool is made in Microsoft Access, causing the tool to have some limitations. Although an
error check window is included, where different types of errors are tracked, the software tool is not
foolproof. Another limit to using only Microsoft Access is that no graphs or models can be drawn,
therefore the supply chain model can be relatively difficult to “see” and all the output data is only
numerical.
Even though the tool may have some minor limits, the tool provides very detailed information. Since
this tool was made for products from the C.L. business it is necessary to take all costs into account,
for example the value added tax can be used as input which hasn’t been seen in the other software
tools.

4.2 Multi-Criteria Decision with Weighted Factors
There is currently no standard method of comparing ERP software tools. Therefore in order to
compare these different software tools multi-criteria decision making will be used with a weighted
factor applied to each criteria. However there are also some hard criteria for this project, which
means besides the weighted criteria there are also some go / no go decision making criteria. If a tool
doesn’t comply with one of these hard criteria it is not possible to use it for this project.
Table 2: Software tool selection using multi-criteria decision making
Optimization Simulation
Professional Support Validated (Off the Applicable to Other
Level of Detail Ease of Use
Capabilities Capabilities
Possibilities
Shelf) Software
Supply Chains

Factors

Cost

Total

Weight

1

3

4

2

2

3

Go / no go

Go / no go

Chainscope

3

1

0

1

3

2

Go

Go

20

Supply
Chain Guru

1

1

1

3

2

3

Go

Go

27

P.A. Tool

1

0

1

2

1

3

Go

No Go

20

Microsoft
Access Tool

3

1

0

2

1

1

No go

No Go
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According to the table above, out of the four selected software tools, the P.A. Tool and the Microsoft
Access Tool are both rejected. The reason for rejection is not being applicable for other supply chains
in the future and not being validated (off the shelf) software, but rather a model made specifically for
a certain supply chain.
From the weighted multi-criteria decision making table it can be seen that Supply Chain Guru is the
preferred software program to model the MR magnet supply chain and its different scenarios.
Important factors for this decision is the possibility of both optimization and simulation within this
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software as well as being able to input a lot of detailed information in order to make the model as
close to reality as possible. More information about Supply Chain Guru and its input and output data
is found in chapter 5.
For additional validation purposes of the optimization module within the Supply Chain Guru
software, it’ll be compared to the optimization calculations made by Chainscope (which is completely
programmed with validated formulas causing it to be very strong, but allowing less detailed input).

4.3 Validation of Supply Chain Guru
Philips current supply chain follows a push production control schedule, which uses production
schedules based on forecasts rather than inventory policies based on safety stock. For this validation
purpose the calculated optimized safety stock values from the current supply chain model, which has
been modelled with a pull control strategy, of both software tools will be compared in table 3.
Table 3: Optimized safety stock values comparison

Safety Stock
Wires

Warm Magnet

Cold Magnet

Custom Magnet (factory)

Bare Magnet (AC 1)

Basic Magnet (AC 1)

Custom Magnet (AC 1)

Bare Magnet (AC 2)
Custom Magnet (AC 2)

Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 2
Magnet 3
Magnet 4
Magnet 1
Magnet 1

Chainscope
0
1,67
0
0
1,96
0,88
0
0
0
0
0
0
0
0
0
0
2,26
1,7
1,29
1,5
0
4,05
0
0
1,44
1,43
1,77
1,5
0
0
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Supply Chain Guru
21
8
14
0
14
6
9
13
0
0
0
0
0
0
0
0
7
0
0
0
3
4
6
5
0
0
0
0
11
0

Table 3 shows significant differences between the values of Supply Chain Guru and Chainscope.
These huge differences in safety stock optimization indicate that Supply Chain Guru doesn’t strictly
only use the scientifically proven formulas, which are used by Chainscope. There are multiple reasons
for the difference in safety stock calculations between these software tools, some of which are
explained below.
First of all both Chainscope and Supply Chain Guru show a lot of stock points with 0 safety stock. For
Supply Chain Guru these stock points with 0 safety stock are mostly the custom magnets, it is
programmed in Supply Chain Guru that these stock points aren’t allowed to hold any safety stock due
to each magnet having their own order specific customization. In reality these stock points hold no
safety stock. However when looking at the Chainscope safety stock values for the customized
magnets, some recommended stock should be held there. Due to the more detailed model
information inserted into the Supply Chain Guru software tool, the model and its results become
closer to reality.
Another major difference in the optimized safety stock calculations is the total amount of safety
stock that should be held in the supply chain. According to Chainscope a total of 21,5 magnets safety
stock should be optimal, while Supply Chain Guru optimizes a total safety stock of 121 magnets.
Multiple reasons contribute to this large difference in safety stock including the demand calculations
and production lead times. While Chainscope input fields require an average and standard deviation
of demand, Supply Chain Guru has the possibility of doing an internal demand analysis using the
actual demand of the past as input. Due to the relatively low volume (<1000) products per year, the
internal demand analysis of Supply Chain Guru has put most customer / product combination as a
radical demand pattern. In order to cope with a radical demand pattern, additional safety stocks
needs to be added in the supply chain in order to reach the 90% fill rate.
The difference in lead times is the second big motive for the difference in safety stock levels.
Chainscope only requires the user to fill out an average as a single digit for the process lead times
(most likely using a poisson process to determine the required safety stock). Supply Chain Guru on
the other hand, allows the user to determine their own type of lead time distribution. For this supply
chain bounded normal distributions are most realistic. The bounded normal distribution follows the
same rules and parameters as a normal distribution; however this distribution also contains a
minimum and maximum value. Whenever the normal distribution generates a random lead time that
is lower than the minimum value or higher than the maximum value, this generated lead time
becomes the minimum or maximum value instead. The variance of these production lead times, as
can be seen in figure 9, is quite large requiring substantially more safety stock.
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Figure 9: Example of bounded normal distribution of production lead time

Due to the vastly more detailed input of the Supply Chain Guru software tool, it produces vastly
different safety stock optimization results from Chainscope. The optimization module of Supply Chain
Guru therefore isn’t validated and most likely uses multiple heuristics to allow a more detailed supply
chain to be modeled, while calculating near optimal safety stock values.
Using the safety stock values received from Supply Chain Guru a simulation is run to determine if
95% required fill rate is met. Surprisingly the simulation determined only a fill rate of ~60% using
these values. The difference in fill rate is due to the more realistic and complex supply chain that can
be modeled when running a simulation giving this the preference over the optimization module
within the software. Chapter 5 explains the conceptual model used to create the simulation model
within Supply Chain Guru that is used during the rest of the project.
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5 Conceptual Model
In this chapter all parameters regarding the model will be presented an explained. Section 5.1 gives
further detailed information about the MR magnet supply chain. The KPI’s (performance
measurements) are found in section 5.3, followed by the supply chain input parameters in section
5.4. The chapter is concluded with a list of decision variables and assumptions for the model.

5.1 MR Magnet Supply Chain
In section 1.2 of this report an accurate description of the MR supply chain is given followed by a list
of characteristics of the supply chain. Due to limited time, the E2E supply chain is modeled on a high
aggregation level. MRi systems consists of hundreds of parts, however for this particular project only
the magnet itself will be taken into account due to the fact that it is by far the biggest and most
expensive part of the MR product. Furthermore there is no consistency in customers when looking at
individual level (hospitals don’t buy MRi machines in mass quantity), therefore customers are
aggregated based on their location into 11 key markets (APAC, Brazil, China, DACH, EMEA, India,
Japan, LATAM, Mexico, Middle East & Turkey, and NA).
Currently Philips uses push production control strategy for all their production and transportation
processes. The production in the MR magnet supply chain is currently controlled by schedules that
are based on forecasted demand, while also taking production capacity into account. However as
mentioned in section 1.2, this production control strategy with a low forecast accuracy results in high
inventory value within the supply chain.
The MR supply chain will be modeled using both push and pull production control strategy in order
to determine the effect of the production control strategy on the inventory values, which will be
further explained in chapter 6.

Figure 10: Simulation process of the pull magnet supply chain

Figure 10 shows the simulation process of the pull magnet supply chain. At the end of the supply
chain independent demand is generated by the 11 key markets; this demand will be taken from the
customized magnet stock point. Since all magnets are customized to client specific settings, only
magnets that are produced before the actual due date (to have a near 100% complete and on time
ratio, while coping with the capacity restriction in the customization process) or orders that are
pushed back (called move-outs, and further explained in section 5.4.8) are found in this stock point.
The customized magnet stock point has essentially no inventory policy applied to this stock point.
When an order is placed, the customized magnet stock point creates dependent demand for the
basic magnet stock point. The basic magnet stock point then generates demand from the bare
magnet stock point, this event is repeated all the way up to the wire stock. The inventory policy for
each stock point will be in section 5.4.9.
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The MR supply chain is modeled and simulated on a high aggregation level, however to keep the
model and results realistic some complexities are built into the model. These complexities include
production capacity constraints, multiple modes of transport between factory and assembly centers,
additional cost, move-outs and monthly changing inventory policy parameters.

5.2 Data collection
There were two different types of data collection methods used during this project as input for the
MR magnet supply chain model. In the initial phase semi-structured interviews were held with key
employees within the supply chain. Some of these employees include:









The strategic operations manager - provided an overview the supply chain as a whole
The transfer and emerging markets manager - provided more detailed information about
transportation cost and lead times
Senior project leader distribution excellence - provided data on transportation lead times
and costs
Multiple supply chain engineers with different functions in the supply chain - provided
general MR magnet supply chain data as well as specific data about lead times and
transportation costs
The S&OP analyst - provided the data on the demand and forecast
The cost engineer at assembly center 1 - provided accurate cost of materials
Multiple employees in the magnet factory - provided detailed information about the
production process and production lead times

Besides semi-structured interviews, data was also gathered from excel files and from within the SAP
system. These data files were given / produced by the same employees that were interviewed. Of the
two methods used, the preferred method of collecting reliable quantitative information is by
gathering data records from actual production lead times, transportation lead times, costs,
production & transportation schedules and actual demand from the past. Most of this data was
available within the records kept at Philips, however some data such as lead times of certain
processes weren’t accurately recorded and an estimation was provided by the employee in charge of
that process during an interview.
5.2.1 Inconsistencies
As shown in the list of employees that were interviewed during this project, there is quite a bit of
overlap in information provided by the different employees. During this project three different
employees were interviewed about transportation costs, the data received from these employees
showed some signs of inconsistency. This issue was addressed by a follow-up meeting with these
employees to determine the reason behind the difference in amount of cost for the same lane /
product combination. During this meeting the correct cost is agreed upon on and used as input for
the model.
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5.3 Performance Measurements
Philips has four different performance parameters that are applied to the MR magnet supply chain.
These performance measurements include: total inventory value within the whole supply chain, total
cost of the supply chain, the lead time it takes for a magnet to go through the E2E supply chain and
having predetermined fill rate (service level).

Figure 11: Performance measurement parameters of the MR magnet supply chain

As can be seen in figure 11, the purpose of this project is to provide scenarios that results in a
reduction in all three parameters while at the same time keeping a predetermined fill rate. The only
method of optimizing multiple parameters at the same time is assigning each parameter with a
weight of importance and optimizing all parameters in a single formula. This method is however not
viable in the Supply Chain Guru simulation software and instead the cost will be the main parameter
to be optimized, while at the same time measuring and reporting the inventory value and E2E lead
time of each scenario. Rather than optimizing inventory value and E2E supply chain lead time, only
scenarios with the same or lower values for total inventory value and E2E supply chain lead time are
modeled. Only these scenarios are modeled to prevent trade-offs where one performance parameter
gets reduced at the cost of increasing another performance parameter.
These three parameters are also not independent of each other; the E2E supply chain lead time has a
major influence on the total inventory value of the supply chain. This effect is shown in chapter 6,
where multiple scenarios are simulated that reduce the E2E lead time, which lead to reduction in
inventory value as well. Furthermore inventory value influences the total cost of the supply chain as
inventory holding cost is part of the total cost of the supply chain.
5.3.1 Inventory Value
There are two main reasons for a company to keep their total inventory value as low as possible,
while still being able to provide the predetermined fill rate. The first reason, which will not be taken
into account in this project, is the risk that high inventory values bring, e.g. something could happen
to the warehouse where the inventory is stored or the product could be replaced by a newer version
and become obsolete (Chopra & Sodhi, 2004).
The second reason for keeping the inventory value as low as possible is the inventory holding cost.
Additional to the cost associated with risk, holding inventory in your supply chain provides additional
cost, since the money spent on that inventory can’t be used on other investments. For the MR
magnet supply chain model an interest percentage for inventory cost of X% of the value of the
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magnet per year is taken. The formulas below show how the average inventory value for the whole
E2E MR magnet supply chain is calculated.
∑∑

(1)

With
∑

(2)

∑

{

(3)
}

{

}

{

}
Average E2E supply chain inventory value
Units of inventory of product j at stage k
Average units of inventory of product j at stage k
Units of work-in-process of product j at stage k
Average units of work-in-process of product j at stage k
Value of product j at stage k
Model horizon

5.3.2 Lead Time
The second performance parameter for the MR magnet supply chain is the E2E lead time. This means
the total time that has passed from the moment the raw material wire enters the Philips stock point
until the time the customized magnet leaves the assembly center to the key market. This E2E supply
chain lead time varies per assembly center, due to the different transportation lead times between
factory and assembly center, and the different demand patterns at each assembly center. Since
assembly center 1 serves the biggest demand and is included in the route most magnets take
through the supply chain, this route through the supply chain is used when comparing the lead time
parameter of different scenarios. The total E2E supply chain lead time for products that go through
the assembly center 1 is calculated as follows:
∑∑

∑∑

with
{

}
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(4)

{

}
Average E2E lead time of product j
Average production or transport lead time of product j at stage k
Demand of product j at stage k

The reason for the average demand being determined per stage
is due to the different average
demand per physical stock point location. For example, when calculating the average time a warm
magnet spends in stock, the average demand of all key markets together is used since the demand of
these magnets come from all assembly centers as well as direct delivery. However when calculating
the average time a magnet spends in the basic magnet stock in assembly center 1, only the average
demand of the magnets which are delivered from the assembly center 1 is used during calculation.
5.3.3 Cost
The third and most important supply chain performance parameter is the total cost of the supply
chain. During safety stock optimization, which is performed by both Supply Chain Guru and
Chainscope in chapter 4, the cost parameter is minimized. Furthermore the decision variables within
the simulation model are set to optimize the cost parameter of the supply chain.
The MR supply chain contains a lot of different sources of cost, but due to limited duration of this
project only the biggest and most important cost factors are modeled. These costs include inventory
holding cost, transportation cost and additional cost.
The inventory holding cost is calculated as follows:

(5)

With
Inventory holding cost
Interest percentage for inventory cost
For this project the transportation cost is split up in inbound and outbound transportation cost.
Inbound transportation cost includes all costs associated with the transportation of cold magnets
from the magnet factory to assembly centers 1 and 2. The inbound transportation cost is dependent
per lane and is the same for each type of magnet when the mode of transport is boat. However the
price varies per magnet when a plane is used to transport the magnets from the magnet factory to
an assembly center, because of the different weight of each magnet type. More information about
mode of transport can be found in section 5.4.6.
Outbound transportation cost is the all costs associated with delivering the magnet from the
assembly centers to the key markets. Every lane / product combination has its own given transport
cost.
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∑

∑

∑

∑

∑

(6)

With
{

}

{
{
{

}
}
}
Transport cost
Amount of product j transported to assembly center k with
mode of transport m
Cost associated with transportation of product j to assembly
center k with mode of transport m
Amount of product j transported to key market l
Cost associated with transportation of product j to key
market l
Model horizon

The third type of cost modeled in this MR magnet supply chain model are the additional cost. For this
project the additional cost is classified as confidential and will not be explained in further detail.
Now that all the costs associated with this model are explained and put into formulas, the next step
is to determine the objective function. The objective function minimizes the total supply chain cost,
which includes the inventory, transport and additional cost.

(11)
With
Total additional cost
5.3.4 Service Level
The fill rate (service level) also known as the percentage of products delivered on time to the
customer is the last performance measure for the MR magnet supply chain. Rather than trying to
optimize this parameter, the fill rate is a predetermined minimum percentage of products that need
to be delivered on time. The standard formula to calculate the fill rate is as follows.

(12)

(13)
with
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{
{

}
}
Service level of product j to key market l
Amount of product j delivered late to key market l
Amount of product j delivered to key market l

The current MR magnet supply chain at Philips tries to achieve a fill rate of 100%. Philips tries to
achieve this fill rate by delaying the due date (with confirmation of the customer) when it is not
possible to reach the original discussed due date. This method of achieving near 100% service level is
not realistic or possible in a pull supply chain model. Therefore the fill rate in the MR magnet supply
model is calculated per product / key market combination and needs at least a fill rate of 90%.

5.4 Supply Chain Model Input Parameters
The general input for all the supply chain modeling software tools is the same and include the supply
chain network structure and the supply chain network parameters as input. This includes product
variety, stock keeping units, bill of materials, variety in demand, response time, location data, costs,
capacities, production volume, customer service level, etc. As can be seen in figure 12, which shows
the input and output parameters of the Supply Chain Guru tool, the general supply chain input data
isn’t any different than the input Supply Chain Guru requires. A full page size figure 12 can be found
in appendix C.
Supply Chain Guru works with over a dozen input tables, each requiring input about a specific part of
the supply chain. The most important tables are mentioned in the input & policy tables section in
figure 12, and will be explained in more detail in this section. Besides the standard input tables it is
also possible to program your own code to model the complex supply chain even more realistic. For
the MR magnet supply chain the complexities of different modes of transport and changing monthly
inventory parameters are coded.
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Figure 12: Overview Supply Chain Guru simulation program

Supply Chain Guru holds the possibility to create additional scenarios by changing input parameters,
while keeping the original model. This includes, but is not limited to, lead time changes, inventory
parameters, route to market, adaptation production processes, production capacity and different
modes of transport.
5.4.1 Products and Bill of Materials
As mentioned before the supply chain is modeled on a high aggregation level and therefore it has
been decided to only model the four main magnet types: magnet 1, 2, 3 and 4. Each of these
magnets follows the same supply chain processes starting from the raw material wire till the finished
product, the customized magnet. From the raw materials, these products are already different.
Although the production process for each magnet type is the same, there are some changes in the
supply chain process and therefore BoM depending on assembly center. To keep the supply chain
simple the bill of materials is only reduced to the key component. Each type of magnet only needs a
single component of the previous type of magnet to be produced.
Direct shipment to customer from the magnet factory:

Figure 13: Bill of Material for direct shipment from the magnet factory

Direct shipment from the magnet factory to the customers is by far the shortest supply chain route
with the least amount of processes. After the magnet is cooled down, it can be customized right
away in the same facility and be ready for transport to the key market.
Delivered from assembly center 2 to key market:
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Figure 14: Bill of Material for magnets delivered from assembly center 2

When the magnet first gets transported to assembly center 2 before the customization takes place,
an additional process, the inbound transportation, gets added in the supply chain. Although there is
no physical change in the magnet, the name of the magnet changes from cold magnet to bare
magnet. This change in name is also applied to our model due to the difference in value of the
magnet; bare magnets have additional value applied due to transportation / custom fees that are
added.
Delivered from assembly center assembly center 1 to key markets:

Figure 15: Bill of Material for magnets delivered from assembly center 1

The bill of materials for magnets going through the assembly center 1 is the longest due to having
split up the assembly and customization process. Therefore an additional stock point with basic
magnets is found in the supply chain model and the bill of materials. The basic magnet is a magnet
that has been assembled, but has yet to be customized.
5.4.2 Forecast, Demand and Due Date
Initially the plan is to create a forecast of future demand using the actual demand data from the past.
A conclusion is reached that instead of creating a new forecast the demand data from the past can
be inserted into the model. This actual demand data is then used to measure the performances of
the supply chain scenarios. By using the actual demand as well as the actual production schedules
the effect of forecast accuracy is realistically modeled for the push production control strategy
supply chain model.
Supply Chain Guru allows for an order date and due date to be filled in per order line. The order date
describes the date at which a customer order enters the Philips system, while the due date is the
date at which the customer wants their product to be delivered. In the original model of the supply
chain that is based on the push production control strategy, these dates can be directly copied from
the data received from the S&OP analyst of the MR magnet supply chain. Using the provided due
date and the actual ship date, at which the magnet leaves the assembly center towards the key
markets, is used in calculating the service level of the push supply chain.
Using the actual order date is not possible when modeling the supply chain under a pull production
control strategy. In the Supply Chain Guru simulation module, the moment an order enters the
system (order date) it tries to produce and deliver this product as soon as possible. When applying
this logic together with the actual order date and due date of the demand in the past, it leads to
orders being delivered weeks or even months in advance before the confirmed due date. In order to
solve this problem a new order date needs to be applied to each order, while keeping the original
due date.
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The first attempt to solve this problem was through the use of mathematical formulas. Using
formulas to calculate the 90% confidence interval upper bound of the customization lead time to
determine when the production of an order should start in order to reach a fill rate of 90%. This
method however produced extreme low fill rate values due to various reason; namely production
constraints and stock outs at the previous stock points. Seeing as how this problem couldn’t be
solved mathematically, the order date value instead becomes a variable that is specifically modified
for each scenario to reach the correct fill rate while minimizing the amount of orders to be delivered
early. To prevent early deliveries from reducing the supply chain cost in terms of inventory value,
these magnets are instead kept at the customized stock (in terms of cost calculation) till their due
date.
5.4.3 Production and Transportation Schedules
Supply Chain Guru also allows for the input of production and transportation schedules. This feature
is only used when modeling the current push production control strategy supply chain. The
production and transportation schedules allow the user to fill in the actual dates at which production
has started for each process / type of magnet combination.
Having production and transportation schedules is exclusive for push supply chains, since production
in pull supply chains is controlled by the inventory policies at the stock points. This difference in how
production is controlled, and therefore the difference of inventory at each stock point, is the main
reason why all scenarios are modeled and simulated in a pull supply chain. By having predetermined
production and transportation schedules it is not possible to determine the effect of the different
supply chain scenarios on the inventory levels (e.g. if you reduce the production of warm magnets by
X weeks, the production schedule would also change by exactly X weeks resulting in a zero difference
of stock level), while a difference is found in the parameters of the inventory policies. Furthermore
by implementing more radical scenarios of the supply chain, the original production and
transportation schedules can’t be applied due to the major change in the supply chain structure.
5.4.4 Production Lead Time
All production lead times within this supply chain are stochastic variables. Supply Chain Guru has the
possibility to implement different production distributions. These distributions include: none
(deterministic), normal, exceptional, uniform, triangular, Poisson, lognormal, bounded normal,
bounded exceptional and bound lognormal. When looking at the actual production lead time data,
the normal distribution is the most realistic.
However due to the lack of data points for some of the production processes, an exceptional high
and not realistic variation is calculated. Therefore rather than modeling the production lead times
with a normal distribution, the bounded normal distribution is used instead. The bounded normal
distribution follows the same rules and parameters as a normal distribution; however this
distribution also contains a minimum and maximum value. Whenever the normal distribution
generates a random lead time that is lower than the minimum value or higher than the maximum
value, this generated lead time becomes the minimum or maximum value instead. These minimum
and maximum values were determined together with a professional from Philips to have the most
realistic distribution. Modeling the production lead time as a bounded normal distribution keeps the
realistic normal distribution values while also automatically removing the unrealistic outliers.
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5.4.5 Production Capacity Constraints
Some processes in the MR supply chain have weekly production capacity restrictions because of the
amount of employees available for these processes. This capacity restriction applies to number of
total magnets being produced per week instead of a capacity restriction per magnet type. These
processes include the cooling down of the MR magnet in the magnet factory as well as the assembly
and customization processes at the assembly center 1.
For this project both a push and pull model are built for the current MR magnet supply chain. The
push model is used to validate the models created by the software tool against actual data. However
in order to simulate the effect of supply chain scenarios on inventory levels, the current supply chain
also needs to be modeled using the pull production control strategy. For the initial push model, the
capacity constraints are automatically applied by inserting the actual productions schedules within
the model.
For the pull model, the software tool has the ability to create virtual employees using the resource
tab. These virtual employees are set to be required during the process of cooling down of MR
magnets or assembly / customization in assembly center 1. These resources are limited by setting the
amount of resources available (per week) and the required time each resource is needed per
process. Using these virtual employees, these capacity constraints are added in the simulation
model. The capacity constraint is validated using a simple calculation.
(13)
With
Maximum capacity per week
Total working hours available (hours available per employee *
amount of employees)
Amount of hours an employee is needed per process
5.4.6 Modes of Transport
Philips uses two different modes of transport for inbound transport of the cold magnet from the
magnet factory to the assembly centers. Depending on the urgency of the shipment, the magnet can
either be transported using a sea freight container (boat) or by plane. When the magnet is
transported by boat, the total transportation lead time from door to door is several weeks depending
on the location of the assembly center. With the option to transport a magnet using air travel the
transport lead time gets reduced, however this brings additional transport costs.
In the current situation Philips has employees monitoring the amount of magnets currently at the
assembly center, the amount of magnets in transport and the orders over the next few months.
When it is calculated that a magnet will be delivered late (due to lack of bare magnets in stock point
at the assembly center), instead of using the most common method of transporting the magnet per
boat, this magnet is instead flown by air. A small percentage of all transport between the magnet
factory and the assembly centers is transported by plane. For the push model the actual transport
data, which includes the mode of transportation from actual orders, from the past is put in the
transportation schedule of the model.
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For the pull magnet supply chain models a different method needs to be used in determining the
mode of transport per magnet. Since discreet event simulation is used, the magnet doesn’t contain
its future due date yet. Therefore the calculations that are currently used at Philips can’t be copied
into the model. Since discrete event simulation can’t calculate the amount of products in a stock
point on a future date, the formula is changed into looking at the inventory of the bare stock magnet
on the current date of transport. Based on Philips current practices, once the stock point at the
assembly center reaches 0 inventory (and a backorder occurs), magnets are instead transported by
plane. This new function created to determine the mode of transport provides similar results to the
actual calculations. The following calculation is made when a magnet is about to be shipped to an
assembly center:
If

then
(14)

If

then
(15)

With
On hand inventory, amount of a specific type of magnet in the bare stock at
the assembly center
Mode of Transport
5.4.7 Purchasing Raw Material, Production and Transportation Batches
There are three different types of batches within the MR magnet supply chain model, the purchasing
of wire (raw material) for the magnet, the production itself and the batch size for transportation. In
order to keep the raw material cost as low as possible, wire is purchased in batches every two weeks.
The amount of units of wire in these batches is determined by the inventory policy at the wire stock
point, which follows a (r,S) inventory policy with the review period (r) being several weeks.
Both production and outbound transportation (from an assembly center to the customer) follow a
batch quantity of one, also called a single-piece flow. Due to the lack of set-up cost or set-up time,
having a single-piece flow is the most cost efficient in terms of inventory holding cost.
Depending on the mode of inbound transport, the batch can either be a single-piece flow or
determined using an (r,S) inventory policy at the assembly center. When an urgent shipment by
plane is used, the product follows the single-piece flow with each magnet transported by itself in a
batch of one. However to reduce the inbound transportation cost for MR magnets (it is extreme
costly to provide each magnet with its own boat), they are shipped in batches with a review period of
one week.
5.4.8 Move-Outs
Another complexity in the MR magnet supply chain is the so called move-outs. Move-outs occur
when a client determines that they are not ready for their MR product yet at the predetermined due
date. Such an event can occur when the hospital is not finished, the client is having money problems,
etc. When a move-out is expected ahead of time, the production planners can take that into account
and delay the assembly and customization processes of this product. However in a small percentage
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of the time, a move-out occurs too close to the due date, resulting in the creation of customization
magnet stock.
To model the move-outs, in the pull supply chain models, the due date formula cell within Supply
Chain Guru is used. The due date formula cell allows the due date to be generated a certain amount
of time after the order date. The due date formula cell holds the possibility of adding stochastic
distributions, essentially making the time between the order date and due date follow a distribution.
By using a bounded normal distribution it is possible to model that small percentage of the orders to
have an increased time between order date and due date, essentially modeling the move-out. As is
mentioned before in section 5.4.2, orders that are delivered early are considered customized magnet
stock.
In order to calculate the correct average, standard deviation and minimum of the bounded normal
distribution to model move-outs, the standard confidence interval formula (16) is used.
(16)
With
Average value
Follows from the cumulative distribution function
Standard deviation
The bounded normal distribution in Supply Chain Guru changes every number generated below the
minimum value into the minimum value. Therefore the upper endpoint in formula (16) should be the
original value of the days between the order date and the due date, meaning that in 95% of the
orders the days between the order date and due date is exactly the minimum value (upper endpoint
is equal to the minimum value in bounded normal distribution). A second point in the distribution
needs to be provided in order to be able to calculate the correct average and standard deviation
values.
Now that two upper end points and two
values are provided by the assumptions, the correct
average and standard deviation can be calculated. Using these calculations, the average value will be
below the minimum value. In addition a maximum value can be provided to remove the possibility of
extreme outliers due to a move-out. In the modeled magnet supply chain, the maximum value is a
few weeks above the minimum value, modeling a maximum move-out of a few weeks.
5.4.9 Monthly Inventory Policy Parameters
The current MR magnet supply chain at Philips doesn’t contain inventory policies, due to the current
production in the supply chain being controlled by production schedules. In push supply chains the
amount of units of inventory is a consequence of the production schedules. The exact opposite is
true for pull supply chains, where inventory policies determine production. Except for modeling the
current supply chain, all other models and scenarios in this project are pull supply chains with
inventory policies at each stock point.
As is mentioned in section 5.4.7, the pull supply chain models follow single-piece flows for their
production batches. The amount of products per batch is determined by the inventory policy used at
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the stock points. For most stock points in the supply chain a (s,S) inventory policy is used with s=S-1,
essentially creating a Kanban system for the supply chain. There are exceptions in the supply chain,
such as the wire and bare magnet stock points where a review period of a few weeks is applied (R,S
inventory policy).
The demand for MR magnets follows a seasonal effect with two peaks, in quarter 2 and at the end of
the year. Since the demand follows a seasonal pattern, the variance of the demand is extremely high
when looking at the demand of a year as a whole. When determining a single value for the S
parameter for every (s,S) and (R,S) policy throughout the whole year, this high variance needs to be
taken into account resulting in high stock levels in order to satisfy the service level. To reduce the
amount of inventory while keeping the same service level, the inventory policy parameters are
updated monthly based on forecasted demand. By using the programming tool within Supply Chain
Guru, it is possible to change the value of the S parameter on a monthly basis for each stock point.
Once again due to its complexity and lack of data points of monthly demand the S inventory
parameter can’t be calculated with mathematical formulas but rather using a heuristic. The
seasonality effect occurs every year and has a similar pattern, making it possible to forecast the
demand for each month. Whenever a period of increased forecasted demand occurs, higher
inventory needs to be held in the stock points. Depending on the lead time between the stock point
and the end of the supply chain an increase or decrease in inventory parameter (based on demand
forecast) needs to be changed
months in advance, where
is the lead time between the stock
point and the end of the supply chain. For example if the lead time between a stock point and the
end of the supply chain is 6 months, production at this stock point for demand at month
already
starts in month
.

5.5 Decision Variables / Parameter Changes
Rather than having specific decision variables, different supply chain scenarios are modeled and
compared. Depending on the model scenarios, changes are applied to one or more of the following
parameters that can be found in the supply chain:







Inbound transportation lead times
Inbound transportation cost
Transportation lanes
Production lead times
Mode of transport for inbound transportation
Production capacity

5.6 Assumptions
The following assumptions are made when modeling and simulating the different supply chain
scenarios of the MR magnet supply chain:




Infinite quantity of raw materials available from external suppliers.
The outbound flow follows predetermined routes, each key market / product combination is
always delivered by the same assembly center.
Production capacity restrictions are implemented at the warm magnet production and
assembly and customization processes.
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Customers are aggregated into 13 key markets.
Outbound transportation cost per key market is calculated using weighted average
transportation cost of the demand per country within the key market.
Failure to deliver an order on time will result in a backorder.
Possibility of move-outs at assembly center 1or assembly center 2 with a maximum of a few
weeks.
Assembly center 3 is considered as a customer of bare magnets.

Most of the assumptions mentioned above are either already explained in this chapter or very
logical. The assumption of having assembly center 3 modeled as a customer of bare magnets will be
explained in further detail.
Assembly center 3 assembles magnets to be delivered for the customers in a specific key-market.
However assembly center 3 uses a separate SAP system than assembly center 1, 2 and the magnet
factory, giving the employees at assembly center 1 almost no insight in the data at assembly center
3. During this project it was therefore not possible to get correct and validated data about the
processes within assembly center 3. Since only an extreme small percentage of the total magnet flow
goes through assembly center3, it is chosen to model assembly center 3 as a customer for bare
magnets rather than an assembly center.
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6 Simulation of the Supply Chain Scenarios
This chapter contains the details about the different supply chain scenarios that will be simulated.
Furthermore the results of the simulations are presented in terms of the 4 performance parameters.

6.1 Simulation Parameters
There are three simulation parameters that need to be determined before a simulation can be
started. These parameters include the simulation length, the warm-up period and the number of
replications for each scenario.
6.1.1 Simulation Length
The MR magnet supply chain is an ever changing supply chain with continuous restructuring of the
processes and over time replacing products by newer versions or different types of magnet. In order
to validate the supply chain model created within Supply Chain Guru, the push model (that follows
reality most accurately) is simulated first. Although data was available over the last several years,
most data was not relevant anymore to the current supply chain, limiting the simulation length to a
14 month period from the start of 2013 till the February 2014 (which was the most recent data
available at the time of data collection).
As mentioned in chapter 5, the actual demand data is also used in the modeling of the pull supply
chains creating a similar constraint on the simulation length. Also, by keeping the same simulation
length between the push and pull supply chain models a fair comparison can be made.
6.1.2 Warm-up Period
The warm-up period is an amount of time that a simulation model is running before any statistical
data is recorded. A warm-up period is always required in a simulation model to prevent interference
in your data from the start-up of the model, where there are no items in WIP yet. By running a warmup period the model starts data collection in a steady-state of the supply chain. Due to limited data,
the warm-up period has 6 month duration.

Figure 16: Units of inventory during the warm-up period and simulation period
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Figure 16 shows the effect of the warm-up period on the starting steady state of the pull supply chain
model in terms of units of inventory at the start of the model. Although a warm up period with
demand is added between the dates of 1/7/2012 and 31/12/2012, no inventory is removed or
production started. This is sadly a limitation within Supply Chain Guru, where Supply Chain Guru only
recognizes demand when both the order date and due date fall within the actual simulation run time
(without the warm-up period). Without receiving any orders, a pull supply chain won’t start
production.
This lack of warm-up period can only be found within the pull supply chain models. Since the current
push supply chain model uses production schedules instead of inventory policies to determine when
production should start, it is possible to create the actual inventory levels and WIP at the start of the
simulation run. Due to having the exact values of the inventory levels and production schedules,
having a warm-up that is longer than the process with the longest production or transportation lead
time is obsolete. With the actual inventory values and production schedules, it is possible to create
the actual steady-state at the date the software starts its data collection.
6.1.3 Number of Replications
Since the models in this project all contain stochastic variables, simulating the same model multiple
times will give slightly different results. To reduce the influence of this variation, each model scenario
should be simulated multiple times using the average values as the output data. Literature shows
formulas about determining the number of replications, however due to the complexity of these
formulas most of the scientific simulation papers mention between 5 and 10 replications (Burghout,
2004). To get the most accurate result, 10 replications will be run.

6.2 Supply Chain Models
During this project a total of 17 different supply chain models are simulated. This type of models can
be categorized as either the current situation, supply chain scenarios or radical supply chain
scenarios.
6.2.1 Current Situation
The current situation includes two supply chain models, namely the so call push model and the pull
model of the current situation. In order to validate the Supply Chain Guru software tool, the supply
chain is modeled with the actual production schedules, actual demand and stochastic lead times. To
determine the construct validity of this push supply chain model, the units of inventory at each stock
location as well the total calculated inventory value from the model is compared to the actual values
of the MR magnet supply chain.
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Figure 17: Push model inventory compared to actual data for magnet 1

Figure 17 shows the comparison between the amount of units in inventory for the modeled push
supply chain and the actual inventory units for magnet 1 that are recorded at Philips. Similar graphs
of the remaining three magnet types can be found in appendix D. The data in this graph validates
that the push supply chain model accurately models the real MR magnet supply chain in terms of
units of inventory.
A second measurement of comparison between the push model and the actual supply chain is the
total inventory value for all the products within the supply chain. The difference in E2E supply chain
inventory value is ~1% of the total value, which is insignificant. Together with the units of inventory
at each stock point, the conclusion can be drawn that the model accurately describes reality.
The second model that is categorized under the current situation is the pull supply chain model. This
supply chain model only changes the production control strategy from schedule based to inventory
policy based. The pull supply chain model will be validated using the same method as validating the
push model, the comparison tables can be found in appendix E.
6.2.2 Supply Chain Scenarios
There are two types of scenarios, the original scenarios and the radical scenarios. The Supply chain
scenarios include all scenarios that Philips is currently thinking about implementing in the MR
magnet supply chain in the near future or has already started with the implementation. Table 4
shows all the supply chain scenarios with a short description and impact on the different model
parameters. The push and pull model in the table are categorized as current situation models and
have already been explained.
Table 4: Description of supply chain scenarios

Scenario
ID
-

Scenario
Title
Real Values
Philips

Scenario Description
Actual data received from multiple files
within Philips Healthcare (E2E magnet
inventory report, weekly magnet factory
inventory report, etc.).
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Scenario Impact
-

0

Push Model

1

Pull Model

2

Re-routing
assembly
center 2

3

Re-routing
assembly
center 3

Bare magnets are transported directly from
the magnet factory to assembly center 3

4

No basic
magnet, PreAssy LT
assembly
center 1 X
days
No basic
magnet, PreAssy LT
assembly
center 1 Y
days
Reduce LT in
the magnet
factory with
A Wks
Reduce LT in
the magnet
factory with
B Wks
Reduce LT in
the magnet
factory with
C Wks

The basic magnet stock between preassembly and customization in assembly
center 1 is combined, having a single
assembly process in assembly center 1with a
LT of X days.

5

6

7

8

Model build to best describe the actual
situation using actual production and
shipment schedules.
Fully pull model of the current magnet
supply chain with monthly changing values
for the (s,S) inventory policy to reduce the
effect of seasonality.
The magnets transported from the magnet
factory to assembly center 2 will follow a
different routing with a reduced lead time

-

Stock level determined
by (s,S) policies instead
of production schedules
Transport LT from the
magnet factory to
assembly center 2: several weeks
New transport lane
directly from magnet
factory to assembly
center 3
LT assembly and
customization (together)
in assembly center 1: X
days

The basic magnet stock between preassembly and customization in assembly
center 1 is combined, having a single
assembly process in assembly center 1 with
a LT of Y days.

LT assembly and
customization (together)
in assembly center 1: Y
days

The lead time of the warm magnet
production in the magnet factory is reduced
by A weeks, while keeping the same capacity
of X/week.
The lead time of the warm magnet
production in the magnet factory is reduced
by B weeks, while keeping the same capacity
of X/week.
The lead time of the warm magnet
production in the magnet factory is reduced
by C 3 weeks, while keeping the same
capacity of X/week.

LT warm magnet
production:
-A weeks
LT warm magnet
production:
-A weeks
LT warm magnet
production:
-C weeks

Most of the changes are very realistic, such as changing the transportation lanes or reducing the
current production lead time. These scenarios also include the combination of the assembly and
customization process in assembly center 1 by removing the basic magnet stock altogether and
giving the new process a stochastic lead time with an average of X days. This combination of
assembly and customization processes can already be found in the other assembly centers.
Each of these supply chain scenarios are modeled and simulated both separately as well as
combined. When combining all the supply chain scenarios into a single model, a new baseline model
(such as Philips is envisioning) for the MR magnet supply chain at the end of 2014 is created.
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From the moment scenarios are applied to the model of the current supply chain, the possibility of
validating the supply chain models by using actual data becomes impossible. Although literature
refers to using only face validity as insufficient to determine the validity of the model, face validity
with experts of the MR magnet supply chain is the only method to determine if the model and the
associated performance measurements are correct.
6.2.3 Radical Supply Chain Scenarios
Besides the original supply chain scenarios, also multiple “what if” scenarios, also known as radical
scenarios, were modeled and simulated. These radical scenarios were brainstormed with the help of
multiple Philips employees connected to the MR magnet supply chain. Instead of changing the value
of a single parameter, the radical scenarios can even change the whole structure of the supply chain.
In order for these radical scenarios to be modeled some additional somewhat unrealistic
assumptions need to be added.
Table 5 gives the description as well as the impact on the scenario for each radical scenario model.
Keep in mind that the changes found in the scenario impact column are added to the changes
already in the baseline 2014 scenario.
Table 5: Description of radical supply chain scenarios

Scenario
ID
9

10
11
12
13
14
15
16

17

Scenario Title

Scenario Description

Baseline 2014

State that the magnet
supply chain will reach by
the end of 2014.

Breakthrough
Scenario 1
Breakthrough
Scenario 2
Breakthrough
Scenario 3
Breakthrough
Scenario 4
Breakthrough
Scenario 5
Breakthrough
Scenario 6
Breakthrough
Scenario 7

Confidential

Scenario Impact
(compared to Baseline 2014 model)
Transport LT the magnet factory to
assembly center 2:
-X weeks
Transport from the magnet factory
directly to assembly center 3
LT assembly and customization
(together) in assembly center 1: X days
LT warm magnet production: -B weeks
Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Confidential

Breakthrough
Scenario 8

Confidential

Confidential
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6.3 Comparison of Performance Parameters
Chapter 5 explained the 3 different performance parameters that will be used in determining the
optimal supply chain scenario. These performance parameters include the average inventory value,
E2E supply chain lead time and total cost.
6.3.1 Inventory Value
The average E2E inventory value for each supply chain scenario is shown in table 6 as a percentage of
the actual average E2E inventory value. All values in table 6 are less than 1, meaning that there is no
scenario with a higher inventory value than the current supply chain.
Table 6: Inventory value per scenario in percentage

Scenario
Push Model
Baseline Pull
Re-routing assembly center 2
Re-routing assembly center 3
Pre-assy Cust X days
Pre-assy Cust Y days
Reduce LT A weeks
Reduce LT B weeks
Reduce LT C weeks
Re-routing assembly center 2 & Re-routing
assembly center 3
Re-routing assembly center 2 Re-routing
assembly center 3 & Pre-assy Cust Y days
Baseline 2014
Radical Scenario
Breakthrough Scenario 1
Breakthrough Scenario 2
Breakthrough Scenario 3
Breakthrough Scenario 4
Breakthrough Scenario 5
Breakthrough Scenario 6
Breakthrough Scenario 7
Breakthrough Scenario 8

Inventory value in
percentage of actual
inventory value
0,99
0,96
0,93
0,96
0,91
0,94
0,93
0,88
0,84

Upper Bound
Confidence
Interval 95%

Lower Bound
Confidence
Interval 95%

0,98

0,94

0,93
0,89
0,82
0,71
0,56
0,75
0,69
0,81
0,76
0,74
0,45

When comparing the normal supply chain scenarios with the radical supply chain scenarios a huge
difference is seen. Where normal scenarios are able to reduce the average E2E inventory value by up
to 16%, radical scenarios have the possibility of reduce the E2E inventory value by over 50%.
The scenarios with the biggest reduction in average inventory values is breakthrough scenario 2 and
8.
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6.3.2 E2E Supply Chain Lead Time
Figure 18 shows the reduction in E2E supply chain lead time for the most interesting supply chain
scenarios.

Figure 18: E2E supply chain LT reduction

Reduction in the E2E lead time has several effects on the supply chain. In general, a reduction in lead
time has an effect on the average inventory value. This effect can be seen in table 6, where the
scenarios in which production lead time in the magnet factory gets reduced significantly also have a
decreased average inventory value.
Besides the inventory value reduction, the supply chain scenarios with the shortest lead also reduces
the complexity of the supply chain as a whole.
6.3.3 Cost
Total supply chain cost is divided into transport cost, additional cost and cost of capital. In table 7 the
value (in percentage of the push model value) of each of these types of cost for the non-radical
supply chain scenarios is shown. The main thing to notice in this table is that the transport and
additional cost stay around 100% of the current supply chain cost, which is due to the fact that the
non-radical scenarios don’t influence these parameters. Since the scenarios mostly influence the E2E
supply chain lead time and the average inventory value, the cost of capital manages to drop to 83%
of the current value in the baseline 2014 scenario. However, when looking at the total cost column of
this scenario, only a decrease of 3% is found.
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Table 7: Cost values in percentage for non-radical supply chain scenarios

Scenario

Push Model
Pull Model
Re-routing assembly center 2
Re-routing assembly center 3
No basic magnet, Pre-Assy LT
assembly center 1 X days
No basic magnet, Pre-Assy LT
assembly center 1 Y days
The magnet factory LT
reduction by A Weeks
The magnet factory LT
reduction by B Weeks
The magnet factory LT
reduction by C Weeks
Re-routing assembly center 2
and Re-routing assembly
center 3
Re-routing assembly center 2,
Re-routing assembly center 3
and Pre-assy and
Customization combined (Y
days LT)
Baseline 2014

Transport Additional Cost of
Cost
Cost
Capital

Total
Cost

1,00
1,01
1,01
0,99
1,01

1,00
0,99
0,98
0,99
0,98

1,00
1,00
0,97
0,97
0,97

1,00
0,99
0,99
0,99
0,99

1,02

0,96

0,93

0,98

1,01

0,99

0,97

0,99

1,02

0,98

0,90

0,99

1,01

0,99

0,87

0,98

1,02

0,97

0,97

0,99

1,02

0,96

0,90

0,98

1,02

0,96

0,83

0,97

Upper
Lower
Bound
Bound
Confidence Confidence
Interval
Interval
95%
95%
0,98

1,00

The reason why the total supply chain cost barely decreased, while the cost of capital decreased by
17% is due to the cost distribution within the MR magnet supply chain. Namely, the cost in the MR
magnet supply chain is highly dominated by the transportation and additional cost.
In order to significantly reduce the total cost of the MR magnet supply chain, scenarios influencing
the other cost parameters, especially the transport cost and the additional cost, need to be
simulated. These scenarios, which implement radical changes to the current MR magnet supply chain
design, are listed in table 5.
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Table 8: Cost values in percentage for radical supply chain scenarios

Scenario
Baseline 2014
Breakthrough Scenario 1
Breakthrough Scenario 2
Breakthrough Scenario 3
Breakthrough Scenario 4
Breakthrough Scenario 5
Breakthrough Scenario 6
Breakthrough Scenario 7
Breakthrough Scenario 8

Transport
Cost
1,02
1,17
1,07
1,02
1,06
1,04
0,93
1,02
1,07

Additional
Cost
0,96
0,95
0,79
0,95
0,94
0,94
1,00
0,0
0,0

Cost of
Capital
0,83
0,73
0,57
0,70
0,77
0,83
0,80
0,77
0,47

Total Cost
0,97
1,01
0,89
0,94
0,96
0,96
0,94
0,53
0,52

Table 8 shows the cost resulting from the simulations of these radical scenarios. There are three
scenarios that substantially reduce the total cost of the E2E MR magnet supply chain, these are the
breakthrough scenarios 2, 7 and 8.
Breakthrough scenario 2 has a significant reduction in both E2E supply chain lead time as well as total
cost. Although the transport cost for this scenario is 7% higher than the current transport cost, this is
outweigh by the reduction in both additional cost and cost of capital resulting in a decrease of total
cost by 11%. The scenario with the most reduction in total supply chain cost is breakthrough scenario
8. By reducing the total additional cost within the supply chain it is possible to reduce the total cost
of the supply chain by almost 50%.
6.3.4 Service Level
In order to make a fair comparison for the other performance measurements, the service level
should be the same for every scenario. Table 9 shows the average service level for the total demand
satisfied by the MR magnet supply for each supply chain scenario. The service level for each scenario
is around 95% with a maximum difference of less than 2% between the highest and lowest fill rate.

Table 9: Service level per scenario

Scenario
Baseline Pull
Re-routing assembly center 2
Re-routing assembly center 3
Pre-assy Cust X days
Pre-assy Cust Y days
Reduce LT Aweek
Reduce LT B weeks
Reduce LT C weeks
Re-routing assembly center 2 & Rerouting assembly center 3
Re-routing assembly center 2, Re-routing
assembly center 3 & Pre-assy Cust Y days
Baseline 2014
Radical Scenario

Total demand
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00
1,00

Service level
95,8%
95,8%
95,2%
94,9%
95,3%
95,5%
95,0%
94,9%
94,7%

1,00
1,00

45

94,1%
94,5%

Breakthrough Scenario 1
Breakthrough Scenario 2
Breakthrough Scenario 3
Breakthrough Scenario 4
Breakthrough Scenario 5
Breakthrough Scenario 6
Breakthrough Scenario 7
Breakthrough Scenario 8

1,00
1,00
1,00
1,00
0,99
1,00
1,00
1,00
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94,5%
94,5%
94,5%
94,9%
94,3%
94,5%
94,1%
95,1%

7 Conclusions and Recommendations
The final chapter presents the conclusions and recommendation for the research conducted in this
project. In section 7.1 the research questions are answered. This section is followed by the
implications and recommendations for Philips Healthcare. Separate more scientific implications can
be found in section 7.3. The content in the final two sections include the research limitations and
directions for future research.

7.1 Answering the Research Questions
The Philips ambition is to improve the inventory control in the MR magnet supply chain. Philips is
currently producing magnets based on inaccuracy in forecast, causing too high inventory levels for
some magnet types while having too low inventory levels for the other magnet types. This is caused
by forecasting a different mix of magnet types early on in the supply chain and pushing these
magnets downstream.
Alternative scenarios of the MR magnet supply chain are modeled and simulated to provide a
solution that improves all of the performance measures determined by Philips. These performance
measures are total supply chain cost, average inventory value, E2E supply chain lead time and service
level. These performance measures result in the following main research question:
 What are the optimal supply chain scenarios and settings (customer order decoupling
point, inventory levels, stock points, etc.) per product-market combination in terms of
total cost (inventory and landed costs) for MR magnets, while keeping the
predetermined customer satisfaction level and customer lead time?
Before the main research question can be answered, some sub research questions need to be
answered first.
 Out of the Supply Chain Guru, the P.A. tool, the Access tool and the software tool
Chainscope, which best fit this project in terms of usage (how easy is the tool to use),
required input and amount of detailed output?
Using multi-criteria decision with weighted factors, each of these four supply chain optimization /
design software tools are evaluated and compared. The Supply Chain Guru software tool included
the most important features required for this project, while also being able to model and simulate
the supply chain realistically in much detail. Therefore Supply Chain Guru is used to model and
simulate the current supply chain and the different supply chain scenarios.
 What is the required satisfaction level of the modality MR; is this satisfaction level on
an aggregate level or product / customer specific?
The supply chain customizes magnets to order, this means every magnet that is customized at the
assembly centers is already coupled with an order and its due date. Philips strives for a near 100%
service level by discussing (with the customer) and sometimes even changing its due date if previous
due date is not within reach. This method is not possible to model, especially in a pull supply chain,
and a compromise is made to have at least a 90% service level in the model for each MR magnet type
/ key market combination without changing any original due date.
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 Do the inventory optimization results provide a satisfactory service requirement level
when running a simulation of the current supply chain?
Supply Chain Guru is chosen as the optimal software tool to model and simulate the MR magnet
supply chain; the satisfactory service level is set at 90%. Using Supply Chain Guru’s optimization
module, a safety stock optimization is run for the current modeled MR magnet supply chain. Running
the simulation with the provided inventory policies from the safety stock optimization resulted into
an unsatisfactory service level of only ~60%.
After each sub research question is answered, the results of the main research question can be
presented. There are three main supply chain scenarios that produce significant improvements in the
performance parameters given for this supply chain, these are breakthrough scenarios 2, 7 and 8.
Breakthrough scenario 8 reduces both the cost and inventory value by around 50%, while also
reducing the E2E supply chain lead time by 60% making it the best scenario in all 3 performance
parameters.

7.2 Implication and Recommendations for Philips Healthcare
This project provides insight into the MR magnet supply chain, and the effects of different types of
improvements by modeling supply chain scenarios. The Supply Chain Guru software tool is an
accurate tool for modeling and simulating different types supply chains.
The main recommendation from the scenario analysis is to shorten and simplify the MR magnet
supply chain. Simplifying the supply chain makes it easier for Philips to coordinate their production
processes, while the reduced E2E supply chain lead time will also cause a reduction in the average
inventory.
The second recommendation is researching and implementing the breakthrough scenario 2, 7 and 8.
A combination of the breakthrough scenarios improves the supply chain even further, resulting into
the optimal supply chain.
One of the main questions from the Philips Healthcare department is if a supply chain software tool
is worth the licensing cost and effort it takes into building the supply chain models. Since Supply
Chain Guru is a professional software package licensing and additional costs are required to keep
modeling different supply chain scenarios.
The main output Supply Chain Guru provides for this supply chain is the amount inventory at each
stock point, the amount of magnets taking the different modes of transport, the E2E supply chain
lead time and the service levels for each magnet type / key market combination. However, detailed
cost model spreadsheets (Excel) are still required as complementary cost deep dives to the
simulation model.
The Initial effort to create a reliable initial framework for a complex supply chain like the magnet
supply chain is quite large. However after the initial model is completed, it is easy and fast to
quantify and evaluate improvement scenarios using the scenario options within the Supply Chain
Guru software tool.
Supply Chain Guru allows for modeling the supply chain in great detail to make the model more
realistic, this also increases the complexity of the software tool. Before this tool can be used
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efficiently, professional training of 2-3 days is highly suggested bringing additional consultancy costs.
Although after the training, the user is able to model and optimize / simulate most supply chains, in
the case of complex supply chains, that involve programming, additional consultancy support is
suggested. After an initial project using Supply Chain Guru, the consultancy support cost reduces
greatly, since the operator of the software tool has received sufficient knowledge to build their own
supply chain models.
Most of the cost calculations associated with the supply chain models is done using a spreadsheet in
Excel. Although these calculations can be implemented into the Supply Chain Guru model, it takes
more time and effort, while not producing any additional results. Supply Chain Guru mainly provides
the detailed information about inventory levels and policies of each supply chain scenario. With
average inventory being one of the 3 main performance parameters that is becoming more
important, it is recommended to Philips to continue using supply chain simulation software tools to
validate the effects of different supply chain scenarios on the inventory parameters.

7.3 Implications on Scientific Research
A conclusion from the literature review associated with this master thesis project is that there are
two situations when simulation is always favorable to optimization. “The first situation is when the
model is too complex to optimize. In this case, analytical models would have numerous constraints
and require the model to be simplified in such a way that the model doesn’t represent the reality
anymore. On the other hand, discrete event simulation allows for the logistic systems to be modeled
more realistically. (van der Vorst, Beulens, & van Beek, 2000; Biswas & Narahari, 2002).” This master
research project contributes to this statement by determining that values calculated using safety
stock optimization, give unsatisfactory service level results when using them in a simulation model.

7.4 Limitations
This research contains some limitations that should be mentioned. Most limitations are found in the
modeling of the supply chain itself. During the modeling of the MR magnet supply chain only a single
component per magnet is modeled, while in reality the magnet production contains many more
small components. Adding all these additional components would exponentially increase the model,
while barely adding any value to the results. Due to the time restriction of this master thesis project,
Philips suggested only modeling the magnet component itself.
A second limitation of the simulation model is the relative short simulation length. To keep the
demand pattern realistic, the actual demand from a 14 month period is inserted into the model.
Although Philips has the demand data dating back many more years, the Healthcare sector has been
growing and changing so much over the last couple of years. However the demand data from further
back in history would be inaccurate for today’s demand pattern due to the constantly improving MR
supply chain and changing (increasing) demand pattern over the last few years.
A third model limitation is the total cost aspect; this model included the inventory holding cost,
transportation cost and additional cost. Although these three types of cost are the main costs from
the whole supply chain, in reality there are many more costs.

7.5 Directions for Future Research
There are many directions for future research of this project, the most obvious direction being
expanding the current MR magnet supply chain model with all additional materials and costs
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mentioned in the limitation section. Furthermore the back-end supply chain could be added to the
model as well to simulate the full MR supply chain. For future research this supply chain design tool
could also be used for the other supply chains within Imaging Systems.
Another direction for future research is gathering forecasted data for a couple of years into the
future and run the same simulations to determine if the current conclusions still remain. In the future
the demand pattern for the MR systems might change drastically due to developing countries
spending more of their budget on improving their Healthcare.
A third direction for future research is improving the MR magnet supply chain models by making it
more realistic. Using the programming feature in Supply Chain Guru it is possible to improve
modeling the complexities within the MR magnet supply chain e.g. the move-outs.

50

Bibliography
About Chainscope. (2013). Retrieved 1 October, 2013, from Chainscope:
http://www.chainscope.eu/nl/about%20chainscope
Ayers, J. B. (2006). Handbook of Supply Chain Management second edition. Boca Raton: Auerbach
Publications.
Beamon, B. M. (1998). Supply Chain Design and Analysis: Models and Methods. International Journal
of Production Economics, 281-294.
Beamon, B. M. (1999). Measuring Supply Chain Performance. Internation Journal of Operations &
Production Management, 275-292.
Bertrand, J. W., & Franscoo, J. C. (2002). Modelling and Simulation operations management research
methodologies using quantative modeling. International Journal of Operations & Production
Management, 241-264.
Biswas, S., & Narahari, Y. (2002). Object oriented modeling and decision support for supply chains.
European Journal of Operational Research, 704–726.
Burghout, W. (2004). A note on the number of replication runs in stochastic traffic simulation
models. Centre for Traffic Research, Royal Institute of Technology.
Cai, J., Liu, X., Xiao, Z., & Liu, J. (2009). Improving supply chain performance management: A
systematic approach to analyzing iterative KPI accomplishment. Decision Support Systems,
512-521.
Chopra, S., & Sodhi, M. S. (2004). Managing Risk To Avoid Supply-Chain Breakdown. MIT Sloan
Managemet Review, 53-61.
Chouinard, M., D’Amours, S., & Aït-Kadi, D. (2005). Integration of reverse logistics activities within a
supply chain information system. Computers in Industry, 105-124.
Cimino, A., Longo, F., & Mirabelli, G. (2010). A General Simulation Framework for Supply Chain
Modeling: State of the Art and Case Study. International Journal of Computer Science Issues,
1-9.
Davis, T. (1993). Effective Supply Chain Management. Sloan Management Review, 35-46.
Gunasekaran, A., Patel, C., & McGaughey, R. E. (2004). A framework for supply chain performance
measurement. International Journal of Production Economics, 333-347.
Hagel III, J., & Brown, J. S. (2008). From Push To Pull: Emerging Models For Mobilizing Resources.
Journal of Service Science, 93-110.
Ingalls, R. G. (1998). The Value of Simulation in Modeling Supply Chains. Proceedings of the 1998
Winter Simulation Conference (pp. 1371-1376). IEEE Computer Society Press.
Kress, N., & Wisner, J. (2012). A Supply Chain Model for Library Quality and Service Improvement.
Journal of Supply Chain Management, 40-53.
51

Melnyk, S. A., Narasimhan, R., & DeCampos, H. A. (2013). Supply chain design: issues, challanges,
frameworks and solutions. International Journal of Production Research, 1-10.
Melo, M. T., Nickel, S., & Saldanha-da-Gama, F. (2009). Facility location and supply chain
management – A review. European Journal of Operational Research, 401–412.
Mentzer, J. T., De Witt, W., Keebler, J. S., Min, S., Nix, N. W., Smith, C. D., et al. (2001). Defining
Supply Chain Management. Journal of Business Logistics, 1-25.
Min, H., & Zhou, G. (2002). Supply chain modeling: past, present and future. Computers & Industrial
Engineering, 231-249.
Nagurney, A. (2010). Optimal Supply Chain Network Design and Redesign at Minimal Total Cost and
with Demand Satisfaction. International Journal of Production Economics, 200-208.
Olhager, J. (2010). The role of the customer order decoupling point in production and supply chain
management. Computers in Industry, 863–868.
Philips Annual Report 2012. (2013). Retrieved September 28, 2013, from 2012 financial performance:
http://www.annualreport2012.philips.com/annual_report_2012/en/sector_performance/he
althcare/2012_financial_performance.aspx
Philips Annual Report 2012. (2013). Retrieved September 28, 2013, from About Philips Healthcare:
http://www.annualreport2012.philips.com/annual_report_2012/en/sector_performance/he
althcare/about_philips_healthcare.aspx
Philips Capital Markets Day, Boston, MA, USA - May 10, 2012 (Healthcare). (2013). Retrieved
September 28, 2013, from Koninklijke Philips N.V. Website:
http://www.newscenter.philips.com/main/corpcomms/resources/corporate/investor/20120
510-Boston/10_saragnese_20120510.pdf
Philips Healthcare Homepage. (2013). Retrieved October 1, 2013, from Philips Healthcare Website:
http://www.healthcare.philips.com/nl_nl/
Philips Homepage. (2013). Retrieved October 1, 2013, from Koninklijke Philips N.V. Website:
http://www.Philips.nl
Quarterly and semi-annual results. (2013). Retrieved September 28, 2013, from Koninklijke Philips
N.V. Website:
http://www.philips.com/about/investor/financialresults/quarterlyresults/index.page
Sargent, R. G., Glasow, P. A., Kleijnen, J. P., Law, A. M., McGregor, I., & Youngblood, S. (2000).
Strategic directions in verification, validation, and accreditation research. Proceedings of the
2000 Winter Simulation Conference (pp. 909-916). IEEE.
Spearman, M. L., & Zazanis, M. A. (1992). Push and Pull Production Systems: Issues and Comparisons.
Operations Research, 521-532.
Stevens, G. C. (1989). Integrating the Supply Chain. International Journal of Physical Distribution &
Logistics Management, 19, 3-8.

52

Supply Chain Guru. (2013). Retrieved October 2, 2013, from Llamasoft:
http://www.llamasoft.com/supply-chain-guru.html
Swaminathan, J. M., Smith, S. F., & Sadeh, N. M. (1998). Modeling supply chain dynamics: A
multiagent approach. Decision Sciences, 607-632.
Takahashi, K., & Nakamura, N. (2004). Push, pull, or hybrid control in supply chain management.
International Journal of computer integrated manufacturing, 126-140.
Thomas, D. J., & Griffin, P. M. (1996). Coordinated supply chain management. European Journal of
Operations Research, 1-15.
van der Vorst, J. G., Beulens, A. J., & van Beek, P. (2000). Modelling and simulating multi-echelon
food systems. European Journal of Operations Research, 354-366.
van der Vorst, J. G., Beulens, A. J., de Wit, W., & van Beek, P. (1998). Supply Chain Management in
Food Chains: Improving Performance by Reducing Uncertainty. International Transactions in
Operational Research, 487-499.
Verwijmeren, M., van der Vlist, P., & van Donselaar, K. (1996). Networked inventory management
information systems: materializing supply chain management. International Journal of
Physical Distribution & Logistics Management, 16-31.

53

Appendix A: Organizational chart
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Figure 19: Partial organizational chart of Philips
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Appendix B: Current MR Magnet Supply Chain

Figure 20: Current MR magnet supply chain (end of 2013)
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Appendix C: Overview Supply Chain Guru Simulation Program

Figure 21: Overview Supply Chain Guru Simulation Program
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Appendix D: Push Model Validation Graphs

Figure 22: Push model inventory compared to actual data for magnet 2

Figure 23: Push model inventory compared to actual data for magnet 3
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Figure 24: Push model inventory compared to actual data for magnet 4
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Appendix E: Pull Model Validation Graphs

Figure 25: Pull model inventory compared to push model inventory for magnet 1

Figure 26: Pull model inventory compared to push model inventory for magnet 2
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Figure 27: Pull model inventory compared to push model inventory for magnet 3

Figure 28: Pull model inventory compared to push model inventory for magnet 4
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