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Executive Summary

Executive Summary
The mission of the FEI' s customer service department is to contribute to FEI' s
success by delivering performance that leaves its competitors far behind, to earn
customer's appreciation and to enable the customers to maximize the value and return
on their investment thus ensuring customer loyalty and repeat business.
This corporate mission can be translated in two main responsibilities for the CS
logistics department:
• The availability of spare parts in Europe:
o 95% fill rate for the EOPD spare parts out of the European central
warehouse. This means that 95% of all ordered parts must be shipped
the same day that the order is placed with the CS Helpdesk
o 90% fill rate for the FPD spare parts out of the European central
warehouse. The European central warehouse is a regional warehouse
for FPD spare parts; therefore the target is set to 90%.
• Keep the inventory relative to revenue levels; the inventory turns (cost of
goods sold divided by the average inventory level) should be at least two per
year.
In reality both targets are not met:
• The overall fill rate was 80.1 %. Broken down by EOPD and FPD items:
o The fill rate of the EOPD items: 80.6%.
o The fill rate of the FPD items: 66.7%.
• The inventory turns in 2003 were 1.37.

There are four main reasons for not meeting the targets:
• CS Materials ordering too late (more reactively than pro-actively) and the
wrong items and/or quantities; 75% of the fill rate misses are assigned to CS
Materials.
• Suppliers delivering too late; about 40% of all orders are delivered past due
(the due dates are set according to the confirmations of the suppliers).
• The inventory control with FEI does not incorporate a real safety stock, based
on the variance of the demand forecast errors. This leads to regular stockouts
and (risk on) misses.
• There are no tools available to measure CS Materials' and the suppliers'
performance accurately. Therefore it is difficult to identify the "weak links"
an to improve the overall performance.
The root cause of the problems is that the replenishment of arts is inaccurate and
absorbs about 70% of the time:
• The inaccuracy leads to wrong items and/or uantities on the shelves, which
increases the inventory and decreases the inventory turns.
• The time absorption leads to orders being placed too late and indirectly to
~r~ delivering too late. Delivering spare parts is none O!FEI' s key
suppliers-,--core usiness. Therefore suppliers need to be chased constantly,
which is a responsibility of the material planners and currently this is not or
barely done.
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In order to meet the corporate targets a planning tool has been developed in MS
Excel. The planning tool calculates per item:
• The future demand forecast, based on six different algorithms:
o Average.
o Weighted average.
o Regression.
o Single exponential smoothing.
o Double exponential smoothing.
o Winters exponential smoothing.
For every item the best parameters for the weighted average and exponential
smoothing are automatically selected prior to calculating the forecast. Based
on the least mean square error of the individual algorithms the best is selected
and used in the calculations of:
• The reorder point (s).
• The order-up-to-level (S).

Since it takes no time to calculate the forecast, the s and the S, no differentiation is
made between A, B and C items.
The tool is updated once a month, after which the s and S are re-calculated and
uploaded in an MS Access table. On a daily basis a replenishment report is run that
shows all items of which the inventory position is at or below the s. Based on the S the
report also shows a recommended reorder quantity. The actual reorder quantity in the
end is determined by the material planners.
In theory the use of the tool will lead to 95% overall fill rate in Europe and to
inventory turns of 2.32.

Besides the planning tool otheuools_have been created in MS Access and MS Excel
to support the materials planners in their daily job, to measure for instance the fill rate
and the inventory turns. The fill rate is measured and corrective actions are taken on a
weekly basis. The inventory turns on monthly basis.

~-------

Overall goal in the solution phase was to maximize the time for the material planners
to take actions based on results/facts, in other words to work more efficiently and
accurately, in order to improve the European inventory.
_p JoJ f' r

CJ'1l

CD

•

For the future it is recommended: __ _ ( !'..- i )
• To finish and implement the proc _eQ.ure for initial provis· ning of spare parts in
case th«_MTBF, MTTR and IB arehot known.
• To investtgate if-the -forecast calculated by the plann· g tool, can be used to
reduce the lead times with suppliers.
• To investigate whether the workload of the EOP repair shop can be
management by (CS) logistics in order to reduc the repair lead-times.
• To investigate during the implementation of Oracle (FEl's new ERP system)
how the forecast of systems' sales can be used as advance demand information
(ADI) in order to anticipate an increase in demand.
• That CS Materials works more closely with the sales order desk in order to
anticipate future part escalations during installations.

---------
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Section 1
1. 1

FEI Company
Overview

FEI Company has originated from two merges:
• fu 1998 the American FEI Company merged with the Dutch Philips Electron
Optics into a new company called FEI Company.
• fu 1999 FEI Company acquired the American Micrion Technologies which
resulted in the FEI Company as it is today.
The majority of FEI' s customers work in fields that are classified as nanotechnology.
FEI designs, manufactures, markets and services products and systems that are used in
the nanotechnology. Nanotechnology can be described as the ability to manipulate
and organize matters and structures at atomic and molecular scales, working with
feature sizes on the order of 1 nm and smaller (1 nm is 1 billionth of a meter).
FEI's products are sold to a geographically diverse base of semiconductor
manufacturers, manufacturers in the data storage industry and to industrial,
institutional and research organizations in the life sciences and material sciences
fields.
FEI's annual revenue in 2003 was $361M ($341M in 2002, $376M in 2001 , $320M in
2000 and $216M in 1999).
Revenue from data storage customers more than doubled in 2003 over 2002. Fueled
by new product introductions in 2003, the data storage revenue is expected to grow
further in 2004. Overall FEI aims to increase revenues while expanding gross margins
with an improved product mix and lower costs in 2004.

1.2

Employees

At December 31, 2003, FBI had 1,605 full-time, permanent employees and 51
temporary employees worldwide. The permanent and temporary employees included
406 in manufacturing, 334 in research and development, 474 in customer service and
442 in sales and general administration.

1.3

Core Technologies

FEI distinguishes six core technologies to deliver a range of value-added customer
solutions. These core technologies include:
• Focused ion beams, which allow modifications of structures in sub-micron
geometries.
• Focused electron beams, which allow imaging, analysis and measurement of
structures at sub-micron and even atomic level.
• Beam gas chemistry, which increases the effectiveness of ion and electron
beams and allows deposition of materials on structures at sub-micron levels.
FEI Company 2005
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•
•
•

1.4

System automation, which provides faster access to data and improves ease of
use for operators of FEI' s systems.
Stylus nanoprofilometry, which allows 3D-characterization of mask defects.
Secondary ion mass spectrometry, which provides materials analysis with
excellent depth resolution.

Products and Markets

FEI employs its core technologies in four product segments:
• Microelectronics, products that include:
o FIBs (focused ion beam systems).
o "DualBeams" (systems that combine a FIB column and a SEM
(scanning electron microscopes) column on a single platform).
o SNPs (status nanoprofile meters to check the quality of wafer masks)
o Software used in management of circuit design and manufacturing.
Collectively, they accounted for approximately 41 % of the net sales in 2003.
• Electron Optics, products that include:
o SEMs (scanning electron microscopes).
o TEMs (transition electron microscopes).
o SIMS (secondary ion mass spectrometer systems).
They accounted for approximately 34% of the net sales in 2003.
• Service which is performed on the installed base of products, which made up
approximately 22% of the net sales in 2003.
• Components, which include electron and ion emitters and focusing columns
and accounted for approximately 3% of the 2003 net sales.
These products and services are sold to three broad sets of customers:
• The Industry and Institute market, which includes a wide range of corporate
and academic research and development facilities and include customers
working on materials research and life sciences research and development.
Approximately 50% of the 2003 net sales came from this market.
• The Semiconductor market, which includes designers and manufacturers of
integrated circuits, as well as merchant photo mask makers. It accounted for
approximately 43% of the net sales in 2003.
• Data Storage customers, that include manufacturers of thin film heads used in
computer disk drives. They accounted for approximately 7% of the 2003 net
sales.
Segment Revenue

Revenue by Market

Cl Mcroelectronics
• Bectron Optics

o Service
D Corrponents

Cl Serriconductor

• ceta Storage
o ndustry and
nstitute

Figure 1-1: Revenue 2003
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In table 1-1 the usage of FBI's technologies is broken down by market:

TEM

Life
Science

Material
Science

Semiconductor

Datastorage

x

x
x

x
x
x
x
x

x
x
x

x
x

x
x

SEM
FIB

DualBeam
SNP
SIMS
Service

x

x
x

Components
Table 1- 1: Technologies by Market

1.5

Research and Development

FBI' s research and development department is responsible for the development of
new product solutions that are unique in FBI markets and to introduce new
technologies in order for FBI to maintain its technology leadership.
The market into which FBI sells its principal products and services are subject to rapid
technological development, to product innovation and to competitive pressures.
Consequently FBI has expended substantial amounts of money on research and
development. Research and development efforts continue to be directed towards
development of next generation product platforms, new ion and electron columns,
beam chemistries, system automation and new applications.
To determine the needs FBI maintains strong relationships with its (potential)
customers.

1.6

Sales, Marketing

FBI' s sales force and marketing efforts are not segmented by product market, but are
organized through the following three geographic sales (and service) divisions (SSD)
m:

• North America.
• Europe.
• Asian-Pacific Region (APR).
The following steps are followed by the sales force in order to create new market
opportunities and to develop new markets inside the existing markets:
1. The sales opportunities are identified for which FBI has a higher potential to
win from the competition according to the regarding sales manager.
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2. The key influencers and decision makers within the customer environment are
examined and their relative roles and importance to the buying process are
determined.
3. The strength and weakness of the competition's position relative to FEI's are
examined, which provides key information to formulate counter strategies.
4. After careful account analysis and review of the competition's strategy, an
effective strategy can be selected. The strategy selected should remain in place
throughout the sales cycle unless extraordinary changes occur.
Via an order tracking system (OTS) the status of all (potential) sales orders are traced.
OTS is accessible world-wide which enables FEI Company to effectively use its
resources to close deals and to get customer acceptance after installation. It is used by
the sales manager, the product line manager and the service manager, the so-called
account trio, of a (potential) customer:
• The sales manager provides the actual chance to close a deal, until the deal is
really closed.
• The product-line manager provides the production status during the production
phase of a system.
• The service manager provides the installation status, until the system has been
accepted by the customer.

1.7

Manufacturing

FEI has manufacturing operations located in Hillsboro (Oregon) in the USA, Peabody
(Massachusetts) in the USA, Eindhoven in the Netherlands, Brno in the Czech
Republic and Munich in Germany. To minimize costs and to maximize the flexibility
it is FEI's goal to outsource (most of) the production of modules and to purchase
(super) modules from its suppliers. FEI's systems manufacturing operation consists
therefore largely of final assembly and the testing of finished products. Because of the
small scale the outsourcing leads to higher purchase prices, but it guarantees
flexibility in down- and upturns.
Besides systems FEI manufactures still a significant portion of its spare parts used for
customer service purposes.
To control the goods flow orders are executed using an integrated logistics
automations system, an ERP system called MFGPRO.
The production schedule of systems generally is based on a combination of sales
forecasts and the receipt of specific customer orders (assemble to order). Because of
the uniqueness of customer orders the production schedule should only be based on
the receipt of customer orders, but in order to keep the delivery lead time to an
acceptable level, it is necessary to produce based on forecast as well.
The production schedule of spare parts is based on the receipt of internal orders from
the customer service logistics department.
Although many of the components and subassemblies included in FEI's systems and
spare parts are standard products, a significant portion of the mechanical parts,
FEI Company 2005
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subassemblies and even complete spare parts are custom made by one of FEI's
suppliers. FEI continually evaluates its suppliers to determine whether changes in
suppliers may by appropriate.

1.8

Customer Service

FEI's service staff at December 31, 2003 consisted of 474 employees, including 350
Field Service Engineers (FSE), 40 Field Service Managers (FSM) and local front
office personnel, 60 employees in Technical Support Groups (TSG) to support FSEs
and 24 in logistics support.
Customer service's overall goal is to minimize the cost of ownership of systems for
FEI and its customers. This is an ongoing activity and has no target level. An
additional goal for the semiconductor and data storage market is a system up-time of
at least 95%, which is currently only achieved with men on site.
Service revenue is generated by the sales of spare parts, 2% of FEI's net sales in 2003,
and service contracts, 20% of FEI's net sales in 2003. Service' s gross margin is about
30-40%.
FEI' s systems are sold with installation and scheduled warranty included. Standard
warranty on products is 12 months. Once the warranty period expires, FEI offers its
customers the opportunity to purchase a service contract to cover planned
maintenance and repair of the system. Historically, approximately 85% of FEI's
customers purchase a service contract after the warranty period expires. These service
contracts are most often for a one year period.
The field service is provided through the branches, subsidiaries and representatives
located in 42 countries around the world. FEI has organized its service division like
the sales division through the following three geographic service divisions:
• North America.
• Europe.
•

APR.

The FEI Europe B.V. Customer Service (CS) Logistics department (further called CS
logistics department) is part of the European SSD.
Even though spare parts generate only a very small percentage of FEI's net sales, the
availability of spare parts is very critical as it directly influences the up-time of the
systems. Even more important, it influences the efficiency and ability of FSEs to
maintain systems, so it directly influences the total costs of FEI and the total cost of
ownership of engineers.

1.9

Competition

The markets of FEI's products are highly competitive. A number of its competitors
and potential competitors have greater financial, marketing and production resources
than FEI does. Additionally, markets for its products are subject to constant change,
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due in part to evolving customer needs. As FEI responds to this change, the elements
of competition as well as specific competitors may change. Moreover, one or more of
its competitors might achieve a technological advance that would put FEI at a
competitive disadvantage.
FEI' s competitors for the sale of systems and components include Applied Materials
Inc., JEOL USA Inc., Hitachi Ltd. and LEO Electron Microscopy Inc., DENKA
Denki Kagaku Kogyo Kabushiki Kaisha
FEI believes that it is competitive compared to each of its competitors, because it has
always been and still is able to maintain its technology leadership position.
The service business faces no third-party competition, because of the highly
specialized nature of FEI's products and technology.

1.9.1

SWOT Analysis FEI Company

In table 1-2 a SWOT overview of FEI is shown:
Strengths
Weaknesses
Time to market of new systems/tools.
Technology leadership.
Ability to solve customer problems.
Too much specialized knowledge
required.
Threats
Opportunities
FAB industry.
Costs.
Competition that offer many other tools
Chinese market.
to the customers in FEI' s markets.
Service contract prices.
Table 1- 2: SWOT Analysis

From the SWOT overview can be concluded that FEI leaves its competitors behind in
technology used in its systems. Systems that are highly customized, but because of the
very high costs, that are associated with this, the competition becomes more
interesting for (potential) customers. The time to market of new tools is long, which
enables the competition to reduce their technology backlog. This jeopardizes FEI' s
future growth.
The so called FAB industry and the Chinese market are opportunities for FEI to
expand its businesses. In the FAB industry FEI's high-end tools are operating in the
production lines.
Overall it can be concluded that there is a lot of pressure on all the different
departments with FEI, to expand in new and existing markets and to keep the
competition at distance; customer service is no exception.
From customer service this requires constant excellent distinguishing performance.
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1. 10

Customer Service Logistics

Since November 2002 the CS logistics department is a unit of the SSD FEI Europe
B.V. and consists of 8 people (incl. the Logistics Manager). See appendix 1 for the
organization chart. It can be divided into two sub-groups; the CS Helpdesk (the
customer relations) and CS Materials (the material planners). Before November 2002
it was part of the Electron Optics Product Division (EOPD).
CS logistics' primary responsibility is the availability of spare parts. Within FEI more
than 8000 different spare parts can be distinguished, which can be divided into two
main categories. These categories are not segmented by product line, but are
organized through the following three production facilities; Acht in the Netherlands,
Hillsboro (Oregon) and Peabody (Massachusetts) in the USA. The two categories are:
• EOPD spare parts; all spare parts sourced from the production facility in Acht
or from its (mainly local) suppliers.
• FAB Product Division (FPD) spare parts: all spare parts sourced from the
production facilities in Hillsboro or Peabody or from their (mainly local)
suppliers.
The spare parts are kept in three central/regional warehouses:
• One central warehouse in Portland (Oregon) in the USA.
• One central warehouse in Eindhoven in the Netherlands.
• One regional warehouse in Singapore.
Furthermore over 10 local stock points are located around the world. The assortments
at each warehouse differ and are based on the local developed technology and the
market. E.g. the central warehouse in Eindhoven covers all EOPD spare parts and a
large portion of the FPD spare parts that are actually used in Europe; it operates as
central warehouse for the EOPD spare parts and as regional warehouse for the FPD
spare parts.
Spare parts are ordered by field service engineers, who send their orders directly (in
Europe) or via a local customer relation desk (outside Europe) to CS logistics.

1.11

Responsibilities of Customer Service Logistics

The mission of the FEI' s customer service department is to contribute to FEI' s
success by delivering performance that leaves its competitors far behind, to earn
customer's appreciation and to enable the customers to maximize the value and return
on their investment thus ensuring customer loyalty and repeat business.
The corporate mission can be translated in two main responsibilities for the CS
logistics department:
• The availability of spare parts in Europe (see section 2 for the product range):
o 95% fill rate for the EOPD spare parts out of the European central
warehouse. This means that 95% of all ordered parts must be shipped
the same day that the order is placed with the CS Helpdesk. The
European central warehouse is the world-wide central warehouse for
all EOPD spare parts.
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90% fill rate for the FPD spare parts out of the European central
warehouse. The European central warehouse is a regional warehouse
for FPD spare parts; therefore the target is set to 90%. The central
warehouse for FPD spare parts is based in Portland (OR) in the USA,
where the target for FPD spare parts is 95% and the target for EOPD
parts 90%.
• Keep the inventory relative to revenue levels; the inventory turns (cost of
goods sold divided by the average inventory level) should be at least two per
year.
The responsibilities will be outlined more in section 2.
o
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Section 2

Current Situation

Logistics focuses on realizing internal and external objectives. These objectives are
subtracted from corporate strategy and missions and (may) differ per
division/department. (Logistics) management tries to set up logistics in such way that
the objectives are realized. For FEI's CS logistics the most important objectives are
(see also subsection 1.11 ):
• The availability of spare parts (the fill rate).
• Inventory turns.
This section describes the construction of the logistics function, also called the
logistics concept. The logistics concept provides an overview of the organization that
is responsible for realizing the objectives. It also identifies the bottlenecks in the
organization that prevent the organization from achieving its goals or better results
(depending on whether targets are met).
In this section the current situation is outlined. In subsection 2.1 the characteristics of
the processes, the inventory control, the products and the Enterprise Resource
Planning system are described. The key performance indicators (KPI), followed by
the actual performance are described in subsection 2.2. Finally the identification of
the problem and the definition of the formal assignment are described in subsections
2.3 and 2.4.

2.1

2.1.1

Process, Products, Information System,
Inventory Control
Current Order process

CS logistics is the backbone of the entire service process as actions are taken that
directly affect the targets.

2.1.1.1

CS Helpdesk

In figure 2-1 a flow chart is shown of the process described below. See appendix 2 for
a more detailed flow chart of the described process; first the whole process is shown
in a cross-functional flowchart, then the different functions are broken down by
information-, goods- and control flows and finally the control flow is broken down by
short, medium and long term.
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CS Helpdesk
Panalpina

CS Helpdesk
Picking and
shipm.-it of

SalesOfder
Receipt

Shipment of

produc ts

products

FSE

._______._____.,

Receiving ol

products

Stock
Bac korder list

MFG PAO

Figure 2- 1: Process Flow Chart CS Helpdesk

The CS Helpdesk is responsible for FSEs' requests for spare parts, which absorbs the
majority of the capacity. Further they provide all kinds of spare parts related
information upon request from the FSEs.
Upon receipt of an order the customer relations process the order in FEI' s ERP
system. First is checked whether the ordered item(s) is (are) available from stock and
what the repair status of each ordered part is (a repairable item has to be returned). If
the part is available from stock, they print a pick list and send it to the warehouse,
Panalpina World Transport B.V. (PLP). Since April 2000 FEI Europe has outsourced
its central warehouse activity. PLP picks and packs the item(s) and process the order
further in MFGPRO. For each repairable item they add an RMA package (Return
Material Authorization package) to inform and enable the FSE to return the item to
PLP. Finally they hand over the package(s) to a transportation service (e.g. UPS) and
send a confirmation to the CS Helpdesk and to the FSE who ordered the part(s).
If the part is not available from stock, a miss which will decrease the fill rate, a
message will be sent to the material planner(s) with CS Materials, who take(s) up the
backorder. Periodically, preferably on a weekly basis, all backordered items are
checked in MFGPRO for stock. In case there is inventory of a backordered item, the
regarding backorders are processed. This is very labor intensive.

From January 2003 until March 2004 in total 4,408 sales orders have been processed
with a total of:
• 14,213 lines.
• 2, 149 lines for repairable items.
• 12,064 lines for non-repairable items.

2.1.1.2

CS Materials

The material planners are responsible for the availability of spare parts. One full time
equivalent (FTE) is responsible for the flow and cycle time of repairable items. Two
FTEs are responsible for the replenishment of mainly non repairable parts and
occasionally a repairable item. One FTE is responsible for escalated backorders.
In figure 2-2 a flow chart is shown of the process described below. See appendix 2 for
a more detailed flow chart of the described process.
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Figure 2- 2: Process Flow Chart CS Materials

Currently there are no documented procedures about replenishment and there are no
real ground rules for forecasting and for how much and when to order.
The material planners run on a certain day a list of all parts that have been used in the
period since the last time the report had been run. This list is run in MFGPRO and
shows all the issue transactions. Preferably this report is run on a weekly basis.
The list is first edited in MS Excel to show only the total usage per item. After that the
material planners go through the list item by item and check the stock situations:
• First the current quantity on hand (QOH) is checked. For all stocked items an
order-up-to-level (S) is defined. Based on the usage history of an item, the
average usage during the lead-time (LT) of an item is set as S. The economic
inventory within the lead time of an item should be at least the order-up-tolevel.
• Second the history of the item is checked; is the order-up-to-level still correct?
• Third decisions are made:
a. Is replenishment necessary? If so, how many pieces should be ordered;
some items have minimum order quantities that should be taken into
account.
b. Would it be wise to expedite outstanding orders? About 40% of all
purchase orders are delivered past due.
c. Does the order-up-to-level have to be changed?
d. Is it wise to inform TSG about a sudden increase (or decrease) of the
item usage (based on human judgment only)?
Backorders are dealt with on an ad hoc basis, but basically the same steps are taken as
above. It's done when the material planners are informed of the backorder by the CS
Helpdesk in order to prevent further delays and possible down time of an FSE and/or
a system.
Material planning is done, as described above, 100% manually. MFGPRO does not
provide any tools to help with forecasting item usage, determining safety stock in the
way as safety stock is meant to be and determining reorder points and quantities.
Besides that it takes a lot of time to gather the information that is necessary.
From January 2003 until March 2004 in total 3,025 purchase orders have been placed
with a total of:
• 6,392 order lines.
• 1,795 order lines for repairable items:
o 1491 repair order lines.
o 304 order lines for brand new repairable items.
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4,597 order lines for non-repairable items.

Inventory Control

2. 1.2

In most logistics literature four types of inventory control systems are described [I) :
• Order-Point, Order-Quantity (s, Q) System: This is a continuous review
system. A fixed quantity Q is ordered whenever the inventory position drops
to the reorder point s or lower.
• Order-Point, Order-Up-to-Level (s, S) System: This system again assumes
continuous review and whenever the inventory position drops to the order
point s or lower enough is ordered to raise the inventory position to the level S.
• Periodic-Review, Order-Up-To-Level (R, S) System: In this system every R
units of time (that is, at each review instant) enough is ordered to raise the
inventory position to the level S. In figure 2-3 the (R, S)-system is shown.
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Figure 2- 3: (R, S) system

•

(R, s, S) System: This is a combination of (s, S) and (R, S) systems. The idea
is that every R units of time the inventory position is checked. If it is at or
below the reorder points, enough is ordered to raise it to S.

In reality there are much more inventory control systems, as a result of for instance
minimum order quantities. The inventory control system with CS Materials for
instance looks a lot like an (R, S) system; periodically (every week is the goal, but in
reality it is done whenever there is time) a list of items, that have been sold in the past
week, is run. If the inventory position of the regarding items is below the order-up-tolevel (S) in MFGPRO, enough is ordered to raise the inventory position to at least the
order-up-to-level. The only difference with a pure (R, S) system is that for some items
minimum order quantities have been set by the supplier, which could result into an
inventory position after replenishment that is higher than the safety stock. So the
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inventory control system with CS Materials is (R, max {S, I+Q} ), where I is the
inventory position.

2.1.3

Products

2.1.3.1

Product Range

Within FEI three kinds of items can be distinguished:
• Factory items; mostly used for the production of parts and/or systems.
Customer orders for these items are handled by CS logistics.
• Sales items; accessories and consumable items, which are mostly ordered by
FEI customers. These orders are handled by Sales. However, sometimes these
items are ordered by FSEs and handled by CS logistics.
• Spare parts; items that are used for maintenance on systems in the FEI
installed base, mostly ordered by FSEs. These orders are handled by CS
logistics.
This thesis focuses on the defined FEI spare parts:
• All current FPD spare parts that have been used in Europe in the past, as that is
the range of items of which 90% should be delivered from stock out of the
European central warehouse.
• All current EOPD spare parts that should be available from stock.
It also focuses on a few sales items (consumables) that are ordered rather frequently
by European FSEs.
A spare part is defined by CS logistics based on input from TSG or CS Materials.
During the development of a new system TSG sets up a list with factory codes that are
most likely to fail after some time of usage. Spare parts need to be defined for those
factory codes. At its release a new system consists of many factory codes that do not
have a spare part equivalent. If those factory codes are sold more than two times in
one year, a spare part is defined for that item, to prevent long lead times and down
times in the future.
In total this thesis focuses on:
• 15,294 FEI parts:
o 9,238 EOPD spare parts.
o 5,971 FPD spare parts.
o 85 sales items.

2.1.3.2

Repairable Items

The product range can be divided into non-repairable and repairable spare parts. Many
spare parts are thrown away if they are (diagnosed as) defective, other parts, typically
the most valuable ones, are repaired after they have turned defective. A spare part is
selected as a repairable spare part considering the following criteria:
• New price of the part.
• Repair costs.
• Availability of the part.
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• Availability of the repair tools and test equipment.
The decision whether a spare part is a repairable part is taken by CS logistics.
In total 1,304 spare parts in the product range are repairable:
• 464 EOPD spare parts.
• 840 FPD spare parts.

2.1.3.3

Cost Prices

The average cost price of the items in the product range is € 943.90. The lowest cost
price is€ 0.00 and highest cost price€ 160,223.60. In table 2-1 the FPD and EOPD
assortment is broken down by three cost price categories.

Cost Price
Between 0€ and 1000€

Between 1,000€ and 10,000€

Greater than 10,000€

Number of Items
Total: 13477
EOPD: 8412
FPD: 5065
Total: 1572
EOPD: 795
FPD: 777
Total: 245
EOPD: 116
FPD: 129

Percentage of Total
Total: 88.12%
EOPD: 55.00%
FPD: 33.12%
Total: 10.28%
EOPD: 5.20%
FPD: 5.08%
Total: 1.60%
EOPD: 0.76%
FPD: 0.84%

Table 2- 1: Spare Parts Cost Price

2.1.3.4

Purchase Lead Times

The average overall lead time of the purchase order receipts from January 2003 until
March 2004 is 64 calendar days (cr =60 days). The shortest normal lead time in that
period was 2 days and the longest lead time 412 calendar days. Escalations have been
excluded from this analysis.
The average delivery lead time of repair orders is 58 calendar days (cr =53 days). The
shortest lead time in that period was 2 days and the longest lead time 384 calendar
days.
The average delivery lead time of orders for new parts is 66 calendar days (cr =62
days). The shortest lead time in that period was 2 days and the longest lead time 412
calendar days.
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2.1.3.5

Summary

In table 2-2 a summary of the product data is shown:
Average
943.90

Minimum
0.00

Maximum
160,223.60

372.18
5,336.75

0.00
0.00

90,160.00
160,223.60

64

2

412

66
58

2
2

412
384

Usage in pcs/quarter per item (general)

0-128

0

496

•
•

0-128
0-16.4

0
0

496
28

Cost Price in€ (general)

•
•

Non repairable items
Repairable items

Lead Time in calendar days

•
•

(general)

Non repairable items
Repairable items
Non repairable items
Repairable items

Table 2- 2: Product Data Summary

2.1.4

Information System; MFGPRO

MFG/PRO is a platform for managing a manufacturing enterprise.
It is divided into three main sections that are described in subsections 2.1.4.1 to
2.1.4.3.

2.1.4.1

Distribution

MFGPRO offers a warehouse management module that is limited in its functionality,
e.g.:
• It is not possible to set a capacity to a certain location, so the only way to find
out the occupation rate of a location is by visual inspection.
• When entering a purchase order in the system, a receipt location has to be
selected upfront, when it is unknown whether the items fit in the location upon
receipt.
• First-In-First-Out is not possible, as MFGPRO does not set an age to items on
a certain location.
The sales and distribution modules of MFGPRO monitor inventory balances and
manage purchase and sales order entry activities.
All the service transactions are done in and all reports that service uses are
downloaded from the distribution section. In most cases standard reports are used, but
if necessary new reports have been created in MFGPRO's computer language
Progress.

2.1.4.2

Manufacturing

MFGPRO manufacturing modules regulate all manufacturing activity within the
various types of production environments. These modules control all activities on the
production floor, from identifying missing parts to reporting labor. They also respond
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to manufacturing events as they occur, with transaction, variance and lot/serial
traceability reporting and quality management.

2.1.4.3

Financials

MFGPRO's financial modules provide multiple company, multiple currency, multiple
language, and multiple tax functions suitable for the financial management of
enterprises of all sizes.
Within FEI Company several MFGPRO databases are used, three in Europe for the
SSD and the PDs, one in North America used by the SSD and the PDs and four in the
APR.

2.2
2.2.1

Performance
Key Performance Indicators (KP/) - Targets

The corporate mission can be translated in two main responsibilities for the CS
Logistics department:
1. The availability of spare parts, measured in the Fill Rate.
2. The inventory level, measured in inventory turns.
This is described in more detail in subsection 1.11.

2.2.2

Key Performance Indicators - Results

The performance in the current situation has been determined by the performance in
the period from Ql 2003 until Ql 2004.

2.2.2.1

Fill rate

Fill rate reports are not part of standard MFGPRO, hence measuring the fill rate is a
time consuming activity that requires a high level of MS Excel and MFGPRO
knowledge. A detailed analysis of the misses is a 100% manual job.
To measure the fill rate with FEI Europe two issue transactions can be distinguished:
• Material orders; orders from European FSEs. This is a transaction within the
European MFGPRO database from one logistics site to another.
• Sales orders; orders from other SSDs. This is a transaction that issues the
item(s) out of the database and is received into an other database by a purchase
order receipt.
The transactions of both transaction types are stored in different tables in MFGPRO.
In the regarding period 5,086 order lines have been received for items in the product
range. In total 4,073 were processed and shipped the same day, so 1,013 misses; fill
rate 80.1 %. Broken down by EOPD and FPD items:
• EOPD: 4,900 order lines, 951 misses; fill rate 80.6%
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FPD: 186 order lines, 62 misses; fill rate 66.7%
In appendix 3 the measurement of the fill rate is outlined in more detail.
For the analysis of the misses the suppliers' delivery performance of each individual
item has been measured first. It has been measured as percentage of on time
deliveries, "on time" being not too late as that affects the fill rate. If the delivery
performance of an item is 100% (100% on time deliveries, or an item has never been
ordered b efore ), the misses of the regarding item are all assigned to the material
planners.
The causes of the rest of misses are distributed proportionally to the suppliers'
delivery performance of the regarding item, e.g. if the performance is 60%, then 60%
of the mi ssed lines are assigned to the material planners and 40% to the suppliers.
A detailed analysis would prove that the above assumption is not correct, as a late
delivery would not have been the root cause of a miss, if the due date of the purchase
orders w as after the order date. In other words; if the material planners place their
order too late, it does not matter whether the supplier delivers on time, as the items
arrive too late anyway. An analysis of the misses shows that 19% of the misses are
caused b y orders being placed too late by the material planners. It concerns the misses
on items with a 100% delivery performance of the suppliers.
Amore accurate measurement is achieved if the misses caused by the suppliers are
corrected with the percentage of the overall misses caused by late orders of the
material planners. So if the inbound delivery performance is 60%, then 71.4% of the
misses (60 * 1.19) are assigned to the material planners and 28.6% (100%-71.4%) of
the misse s are assigned to the suppliers. Below an overview of the fill rate
measure ment results is shown:

Category
EO
FPO
ALL
EO
FPO
ALL
EO
FPO
ALL

Total Order
Total
Lines Received
Misses
Overall Fill Rate
4900
951
186
62
5086
1013
Fill Rate Fall b CS Materials
4900
716
186
53
769
5086
Fill Rate Fall b
lie rs
4900
235
186
9
244
5086

Fill Rate

80.59%
66.67%
80.08%
85.39%
71.51%
84.88%
95.20%
95.16%
95.20%

Table 2- 3: Fill Rate (Ql 2003 - Ql 2004)

It can eas ily be concluded that the fill rate target is not met; 80% actual fill rate versus
95% fill rate target. So 20% of all orders that are received on a certain day are not
filled the same day. About 75% of those misses (100-84.88=15.22% fill rate fall) are
assigned to CS Materials and 25% (100-95.20=4.80% fill rate fall) to the suppliers.
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2.2.2.2

Inventory

The inventory that is taken into account in this project is the inventory in the
European central stock:
• Good parts on the shelves with PLP.
• Defective parts with PLP waiting to be sent to the repair shops.
• Parts that have been sent to the repair shops for repair.
Besides that a relative small amount of EOPD parts located in a remote stock
location in Singapore is taken into account, as those items are considered to be
part of the European central stock and can be used for European as well as worldwide orders.
An obvious goal is to keep this inventory to a minimum. One of the two most
important deliverables that have been assigned to CS logistics by Corporate FEI is an
inventory turn of at least two. Revenue and cost prices can hardly be affected by CS
logistics, so there is only one tool to achieve the inventory turns target; inventory
reduction or stabilization (depending on the situation).
In table 2-4 the average quarterly inventory is shown from Ql 2003 until Ql. In
appendix 4 the inventory is shown in more details.
Quarter
01 2003
02 2003
03 2003
04 2003
01 2004

Averaaelnventory
€
9,492,278.86
€
9,793,085.68
9,685,928.63
€
€
10,622,425.60
€
10, 125,049.29

Table 2- 4: Average Inventory Value (Ql 2003-Ql 2004)

2.2.2.3

Inventory turns

There is no inventory turns report available in standard MFGPRO, which means that,
depending on the level of detail, it requires several downloads from MGPRO to
calculate the inventory turns manually.
In total 14,213 issue transactions have taken place from Ql 2003 until Ql 2004, with
total COGS of€ 17,011,124.98. The average inventory as shown in appendix 4 is€
9,929,777.82, so the total inventory turns is 1.71 (target in the regarding period is 2.5).
In table 2-5 the inventory turns are shown (see appendix 5 for more details).

Quarter
Q1 03
Q203
Q303
Q403
Q1 04

Inv.
Turns
0.38
0.33
0.31
0.32
0.37

Target
Inv.
Turns
0.50
0.50
0.50
0.50
0.50

Cum.Inv.Turns
0.38
0.71
1.02
1.34
1.71

Target
Cum.Inv.Turns
0.50
1.00
1.50
2.00
2.50

Table 2- 5: Inventory Turns (Ql 2003- Ql 2004)
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As mentioned before revenue and cost prices can hardly be affected by CS Logistics,
so the only way to achieve the inventory turns target is to decrease the average
7
24 98
inventory with €3,125,327.83! (€9,929,777.82- €l ,0l1,l · ).
2.5

2.3

Definition of the Problem

As shown in this section both corporate targets are not achieved; both the fill rates and
the inventory turns are too low. There are four main reasons for this:
• CS Materials ordering too late (more reactively than pro-actively) and the
wrong items and/or quantities; 75% of the fill rate misses are assigned to CS
Materials.
• Suppliers delivering too late; about 40% of all orders are delivered past due
(the due dates are set according to the confirmations of the suppliers).
• The inventory control with FEI does not incorporate a real safety stock, based
on the variance of the demand forecast errors. This leads to regular stockouts
and (risk on) misses.
• There are no tools available to measure CS Materials' and the suppliers'
performance accurately. Therefore it is difficult to identify the "weak links"
and to improve the overall performance.
The root cause of the problems is that the replenishment of parts is inaccurate and
absorbs about 70% of the.time:
• The inaccuracy leads to wrong items and/or quantities on the shelves, which
increases the inventory and decreases the inventory turns.
• The time absorption leads to orders being placed too late and indirectly to
suppliers delivering too late. Delivering spare parts is none of FEI' s key
suppliers' core business. Therefore suppliers need to be chased constantly,
which is a responsibility of the material planners and currently this is not or
barely done.

2.4

Formal Assignment

After the crystallization of the current situation the following formal assignment has
been defined by FEI Company for this master thesis.
Find a method to improve the central European inventory and develop tools that are
necessary for the material planners to plan efficiently and accurately.
The following needs to be covered:
• Develop a method for controlled inventory management.
• Create a forecasting method to determine future demands for each spare part.
• Create a method to calculate the optimal order quantity and order moment for
spare parts.
• Develop a tool to follow and report the items usage since April 2000.
• Develop a tool to report the forecast, the reorder point and the optimal order
quantity of each spare part.
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Create a tool to easily measure the material planners' performance; fill rate
and inventory turns.
Create a tool to report the orders that need to be chased.
Create a tool to easily measure the suppliers' performance.
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Section 3

Controlled Inventory Management

For effective decision making in inventory management, two important things are
necessary:
• Forecasts of the demands in future periods. In particular when it takes longer
to procure the associated part than the customer is willing to wait.
• Three replenishment questions must be answered:
o How often to review the inventory situation?
o When to place a replenishment order?
o How much to replenish?
In subsection 3.1 a general overview of forecasting is described. Subsection 3.2
describes the components and algorithms of individual-item short-term forecasting.
Subsection 3.3 provides answers to the three replenishment questions above. Lastly in
subsection 3.4 the forecast of future demand and the answers to the three questions are
combined in a planning tool in MS Excel.

Forecasting

3.1
3.1.1

Nature of Forecasts

Forecasting is a prediction of future events. The purpose of forecasting is to reduce
the risk in decision making. Forecasts are usually wrong, but the magnitude of the
forecasting errors experienced will depend upon the forecasting system used. By
devoting more resources to forecasting, one should be able to improve the forecasting
accuracy and thereby eliminate some of the losses resulting from uncertainty in the
decision-making process.
This concept is illustrated in figure 3-1, where as the cost of forecasting is increased,
the losses associated with the risk decrease. At some level of forecasting effort the
sum of these costs is a minimum 1
1]. The costs of forecasting with FEI in the past
were only driven by the amount of time that was spent on predicting the future
demand for spare parts without any rules and tools.
Note that the conceptual model of figure 3-1 is based upon the assumption of
decreasing marginal value from forecasting. That is, each additional Euro spent on
forecasting results in a smaller reduction in risk losses than the previous Euro. Beyond
some point, additional resources devoted to forecasting may bring no improvement at
all. This is because it will be impossible to reduce the average forecast error below a
given level, no matter how complex the forecasting process employed.
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Trade-offs in forecasting

- - - - - - - ------ -

Level of forecasting effort

I-

Cost of forecasting -

Losses due to uncertainty

Total costs

I

Figure 3- 1: Trade-Offs in Forecasting

The forecast is not an end in itself; rather it is a means to an end. The forecasting
system is a part of the inventory management system and, as a subsystem, interacts
with other components of that system, like advance demand information, to determine
overall performance.

3.1.2

Defining the Forecasting Problem

In determining what is to be forecast, variables are defined that are to be analyzed and ,
predicted. The level of detail required is an important consideration. A production
planning system may require a forecast of demand in units for each finished product
produced in order to schedule the plant and plan inventories. On the other hand, a
sales manager may require only a forecast of total sales in euros as his or her input to
the budgeting process. The former is referred to as individual-item short-term
forecasting and the latter is referred to as aggregate medium to long range forecasting.
[1]

The formal assignment is to create a forecasting method to determine future demands
for each spare part. Therefore this thesis focuses on individual-item short-term
forecast.

3.1.3

Methods of Forecasting

Methods for generating forecasts can be broadly classified as qualitative or
quantitative, depending upon the extent to which mathematical and statistical methods
are used.
Actually, forecasting systems often use a combination of quantitative and qualitative
methods. The statistical methods are used to routinely analyze historical data and
prepare a forecast. This lends objective to the system and results in effective
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organization of the information content of historical data. The statistical forecast then
becomes an input to a subjective evaluation by informed managers and material
planners, who modify the forecast in view of other relevant information and their
perception of the future.

3.1.3.1

Qualitative Analysis

A purely statistical forecast can only describe demand that has already happened.
There are instances where future demand will not be like recent history. Market
intelligence requires an individual, or sometimes a committee drawn from inventory
management, marketing, production, purchasing and maybe even accounting, to
consider whether current forecasts should be modified, and if so, how.
The task of the market intelligence organization can be structured so that it doesn't
require a lot of time [1]:
1. Anticipate changes:
a. Temporary changes, such as promotions, pipe-line fill, warranty
claims, retrofit, price changes, packaging, or a part going non-current.
b. Long-term changes, such as for economy, government regulations,
engineering changes, changes in marketing.
2. Review exception reports:
a. Demand filter, identifies current demand that appears unlikely
compared with the forecast.
b. Tracking signals identifying a significant bias in the forecast. The
current pattern is not like the forecast model.
With FEI CS logistics is (mainly) reactive instead of pro-active. There is no
mechanism in place by which CS Materials could anticipate changes and CS
Materials can not run or get any exception reports.

3.1.3.2

Quantitative Analysis

Mathematical and statistical forecasting procedures explicitly define how the forecast
is determined. The logic is clearly stated and the operations are mathematical. The
methods involve examination of historical data to determine the underlying process
generating the variable and, assuming that the process is stable, use of this knowledge
to extrapolate the process into the future. Two basic types of models are used; time
series models and causal models.
Causal models exploit the relationships between the time series of interest and one or
more other time series. If these variables are correlated with the variable of interest
and if there appears to be some cause for this correlation, a statistical model
describing this relationship can be constructed.
If the demand for two or more part numbers with FEI is correlated, the regarding parts
are combined in a bill of material of one spare part number.

A time series is a time-ordered sequence of observations (realizations) of a variable.
Time series analysis uses only the time series history of the variable being forecasted
in order to develop a model for predicting future values.
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3.2

Individual-Item, Short-Term Forecasting:
Models and Procedures

This subsection describes the aspects of individual-item, short-term forecasting.
Subsection 3.2.1 describes the components of mathematical models of a demand time
series. In subsection 3.2.2 several different algorithms for short-term forecasting are
presented. As forecasts are always in error, in subsection 3.2.3 the forecast errors are
described, followed in subsection 3.2.4 by a tracking signal test. Lastly in subsection
3.2.5 the three steps involved in the use of a mathematical model are presented.

3.2.1

The Components of Time Series Analysis

Any time series can be thought of as being composed of five components [2]:
a) Level captures the scale of a time series. If only a level was present, the series
would be constant with time.
b) A trend identifies the rate of growth or decline of a series over time.
c) Seasonal variations can be of two kinds:
1. Those resulting from natural forces.
2. Those arising from human decisions or customs.
d) Cyclical variations or alternations between expansion and contraction of
economic activity are the result of business cycles.
e) Irregular fluctuations are the result of unpredictable events such as unusual
weather conditions and unexpected labor strife. They represent the inability to
effectively model what else may be affecting the time series that is studied.
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3.2.2

Algorithms

This subsection, in table 3-1, will give an overview of some of the most used
techniques in the wide range of time series modeling and analysis. See appendix 6 for
a more detailed explanation.
Technique

Underlying Demand
Model

Simple
moving
average

x, =a+e,

Updating Procedure

xt,N

= (x, +xt-1 +xt-2 + ... +xt-N+I)/ N

The estimate of a at the end of period t is

a, =Xr,N

Forecasting

x, ' t+T =a,' where xi ' t+T
is the forecast, made at the
end of period t, of demand
in period t + 't (for 't = 1, 2,

3 .. .)
Weighted
moving
average

x,

= a+e,

Xt ,N

x
x
x
=-'
+ ___!=!.._ + __.!2.. + ... + Xt-N+I
w, wt-I w,_2
Wt-N+I

.xt,t+T =a,' see simple
moving average

t-N+I
LW;=l
t
The estimate of a at the end of period t is

a, =x,N
Regression

x,

= a+bt+e,

n

s =I ext -a-bt) 2

A

xt t+T

= a, + b '£
A

t=I

n
(n+l)n
Itx,Ix,
b = t=I
2 t=I
n(n 2 -1)/12

a= Ix 1 1n-b(n+1)12
Single
exponential
smoothing
Double
(linear)
exponential
smoothing
Winters
Exponential
Smoothing

xt =a+et

at

= art + (1- a)at-1

.xtt+T =at

xt =a+bt+e,

at

= ar, + (1- a)(at-l + bt-l)
= /J(a, - a,_1) + c1- /J)h1-1

xt,t+T

xt,t+T =(a, + b-r)F,+T-P

h,

= a(x, I ftt-P) + (1- a)(at-1 + bt-l)
= fJ(a, - a,_1 ) + c1- /J)bt-1

Ft

= y(xt I at)+ (1- y)Ft-P

b,
xt =(a +bt)F, +e,

a,

A

= a, + b '£
A

Table 3- 1: Forecast Algorithms

3.2.3

Forecast Errors

All that can be said for certain about a forecast of demand is that it will be in error.
Planning and control procedures should reflect the presence of such errors. Statistics
of the errors are needed for at least two important reasons:
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•
•

Calculation of the safety stock.
Decisions concerning the adequacy of a particular forecast model.

The most widely used measure of variability is the Mean Square Error (MSE), which
is calculated as follows:
MSE = _!_

n
The

.JMSE

i:

(x1 -.X1-1 ,1 )1

t=I

is the standard deviation of the forecast errors.

3.2.4

Tracking Signal Test

Generally, a major concern is that the forecasts are unbiased, i.e., that the expected
value of forecast error is zero. To test this hypothesis, the deviation of the estimate of
expected forecast error from zero, relative to a measure of the natural variability of
this statistic about its true mean, is measured.
The decision rule is as follows:
Y(T) > K
ll.(T)

Where:
Y (T)

= the sum of forecast errors

K is the control limit, a constant, usually chosen to be 2 or 3 [IJ.
If this deviation is large, > K, the hypothesis is rejected.

When the tracking signal exceeds the control limit, it is an indication that something is
wrong with the forecasting system and that corrective action is called for. The action
to be taken depends upon the likely cause of the out-of-control condition:
1. The out-of-control point is caused by random variation alone. In this case, no
action should be taken.
2. The out-of-control point is caused by exceptional demand. In this case, the
regarding demand should be ignored in the forecast of future demand.
3. The parameter estimates used in the forecasting model are not accurate
because the true parameter values have changed with time. The model form is
still correct, but improved estimates of the model parameters are required.
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4. The model may not accurately describe the time series process. Terms may be
added or deleted to obtain a better representation of how the process' mean
changes with time.
5. The variance of the demand process may have increased. In this case the
planner(s) should watch the regarding item(s) more closely.

3.2.5

The Three Steps Involved in Statistically
Forecasting a Time Series

It is useful to think in terms of three distinct steps involved in statistically forecasting
a time series of demand for an individual stock-keeping unit (SKU) [II . Those steps
are:
1. Select an appropriate model of the demand pattern through time. The best
model is the model with the least MSE of forecasts .
2. Select the values for the parameters inherent in the model that lead to the least
MSE of forecasts.
3. Use the model (selected in step 1) and the parameter values (chosen in step 2)
to forecast the future demand.

3.3

Replenishment Control Systems

The fundamental purpose 9f a replenishment control system is to resolve the
following three issues or problems [l]:
1. How often the inventory status should be determined.
2. When a replenishment order should be placed.
3. How large the replenishment order should be.
To respond to these three fundamental issues a manager must answer three questions.
The answers can be used to systematically establish inventory policies:
1. How important is the item? The answer to this question helps to resolve issue
number 1 above.
2. Can, or should, the stock status be reviewed continuously or periodically? The
answer to this question helps to resolve issues number 1 and 2 above.
3. What specific cost or service objectives should be set? The answer to this
question helps to resolve issues number 2 and 3 above.

3.3.1

The Importance of the Item: A, B, C Classification

Items are frequently segmented into the categories A, B or C [~ . A items make up
roughly 20% of the total number of items, but represent 80% of the sales volume in €.
B items comprise roughly 30% of the items but represent 15% of the sales volume in
€and C items comprise roughly 50% of the items and represent only 5% of the sales
volume in €. Slow-moving and/or inexpensive items can be moved from the B or C
category into the A category if the items are critical to the business.
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Based on the average cost of goods sold per month during the life time of an item the
FEI assortment can be segmented into the following A, B and C categories:
• A items (COGS per month> 300€):
• 698 items.
• 13.66% of the total number of items.
• 90% of the sales volume in €.
• B items (not A and not C):
• 1530 items
• 29.95% of the total number of items.
• 9% of the sales volume in €.
• C items (COGS per month< 25€):
• 2880 items
• 56.38% of the total number of items.
• 1% of the sales volume in €.
Items without demand history have been excluded.

3.3.2

Continuous versus Periodic Review

The answer to the problem of how often the inventory status should be determined
specifies the review interval (R), which is the time that elapses between two
consecutive moments at which the stock level is known. An extreme case is where
there is continuous review, that is, the stock status is always known. In reality,
continuous surveillance is usually not required. Instead, each transaction triggers an
immediate updating of the status. Consequently, this type of control is often called
transactions reporting.
With periodic review, as the name implies, the stock status is determined only every R
time units. Between the moments of review there may be considerable uncertainty as
to the value of the stock level.
An advantage of continuous review is that to provide the same level of customer
service, it requires less safety stock (hence, lower inventory costs) than does periodic
review, because the period over which safety protection is required is longer under
periodic review.
Advantages of periodic review are:
• A certain group of items might require being coordinated the same way. That
group can be given the same review interval. This makes the workload for the
staff involved more predictable.
• Periodic review is generally less expensive than continuous review, because
the "set up" time is 'spread over' more items.
Due to system constraints continuous review is not possible with FEI Company, but
since October 2004 daily review is very simple as a result of a new download
possibility.
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3.3.3

Specific Cost and Service Objectives

When demand (or delivery capability) is probabilistic, there is a definite chance of not
being able to satisfy some of the demand on a routine basis directly out of stock.
If demand is unusually large, a stockout may occur and/or emergency actions may be
required (to avoid a stockout). On the other hand, if demand is lower than anticipated,
the replenishment arrives earlier than needed and inventory is carried. Managers may
have different perspectives on how to balance these two types of risks. There are four
possible methods of modeling these management perspectives to arrive at appropriate
decision rules. The four methods are:
1. Safety stocks established through the use of a simple-minded approach. These
approaches typically assign a common safety factor or a common time supply
as the safety stock of each item.
2. Safety stocks based on minimizing cost. These approaches involve specifying
(explicitly or implicitly) a way of costing a shortage and then minimizing total
cost.
3. Safety stocks based on customer service. Recognizing the severe difficulties
associated with costing shortages, an alternative approach is to introduce a
control parameter known as the service level. The service level becomes a
constraint in establishing the safety stock of an item.
4. Safety stocks based on aggregate considerations. The idea of this general
approach is to establish the safety stocks of individual items, using a given
budget, to provide the best possible aggregate service across a population of
items.
It shall be clear that method 3 is applicable to CS Logistics as one of the two
corporate targets is a fill rate of 95%.

3.3.4

The Form of the Inventory Policy

Once it has been determined whether the item fall in the A, B or C category, and
whether inventory is reviewed continuously or periodically, it is time to specify the
form of the inventory control policy. The form of the inventory policy will begin to
resolve the second and third issues, "When should a replenishment order be placed?"
and "How large should the replenishment order be?".
In subsection 2.1.2 the four most common control systems are described:
• Order-Point, Order-Quantity (s, Q) System.
• Order-Point, Order-Up-To-Level (s, S) System.
• Periodic-Review, Order-Up-To-Level (R, S) System.
• Periodic-Review, Order-Point, Order-Up-To-Level (s, S) System.
In table 3-2 a simple rule-of-thumb for choosing the form of the policy is shown [2:1 :
Continuous Review
Periodic Review
A items
(s, S)
(R, s, S)
B items
(s, Q)
(R, S)
Table 3- 2: Rule-of-Thumb for Inventory Policy
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For C items, generally a more manual and simple approach (which can be equivalent
to simple (s, Q) or (R, S) systems) is used. Less effort is devoted to inventory
management because the savings are quite small.

3.3.4.1

A Items

As shown in table 3-2 a simple rule-of-thumb for periodic review of A items is the (R,
s, S) system.
For the case of a fill rate constraint, typical to FEI Company, and normally distributed
demand the decision rule for a (R, s, S) system is as described below.
Because of the limited demand history that is available to CS logistics it is hardly
possible to determine the demand distribution. A 2 -test will automatically lead to
the conclusion that demand is normally distributed due to the limited (:5 5) classes the
demand history can be divided in.

z

The normal distribution approach is appropriate to use as long as CV(R+L) :5 0.5 where
CV (R+L) = a R+L Ix R+L is the coefficient of variation of demand over R+L. [II :

When CV exceeds 0.5, a Gamma distribution provides better results because, with
such a high value of CV, a normal distribution would lead to significant probability of
negative demand.
The difficulty of negative demand is avoided when using gamma demand
distributions. In many practical inventory applications a gamma fits well the empirical
demand distribution. Also the gamma distribution is quite tractable for numerical
calculations. For gamma distributions the decision rule is as follows (Q]:
Select s to satisfy

a~+L (aR+L + 1){1-P(aR+L + 2,bR+Ls) }-2s.XR+L {1-P(aR+L + 1,bR+Ls)} + s {1- P(aR+L•bR+Ls)}
2

2

-az(aL +1){1-P(aL +2,bLs)}+2sxL{l-P(aL +1,bLs)}-s {1-P(aL,bLs)}

Both decisions rules require a trial-and-error type solution that can be implemented in
MS Excel.
The (R, s, S) system as described above can very well be used by FEI. It takes into
account an EOQ, so not every item that has been sold, is replenished immediately.
This not only reduces the total costs for FEI, but also the workload of CS Materials.
All the information that is necessary can easily be downloaded from the system and if
necessary easily adjusted in MS Excel or MS Access.
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Since it can all be automated it takes hardly any time to run a report with all the items
of which the inventory position has dropped to or belows. The material planners
ideally would start their day with running such a report. The review time in this case
would then be one day, which (almost) minimizes the safety stock that is necessary
(assuming fixed purchase lead times).
If for some reason daily review is not necessary or it makes no sense, e.g. an internal
supplier's request to send purchase orders once a week, than it is very easy to recalculates and S for that supplier and implement a weekly review.

3.3.4.2

Band C Items

As stated in the beginning of this subsection normally less effort is devoted to
inventory management of B and particularly C items because the savings are
relatively small compared to the cost of forecasting and calculations of s and S.
But as forecasting and the calculation of both s and S for A items can be automated in
MS Excel there is no reason to treat Band C items differently than A items. It takes
hardly any time to perform the calculations so the costs of forecasting and calculating
the s and the S are almost zero. Therefore the s and the S for B and C items are
calculated the same way as for A items.

3.3.4.3

Repairables

·The inventory control policy of repairable items is more complicated than of
consumable items. Normally in a repair situation some items can not be repaired, so
the number of units demanded is not balanced completely by the return of reusable
items. Thus in addition to recovered units, also new items must be purchased from
time to time. Consequently there are four decision variables 11]:
1. How often to review the stock status.
2. When to repair returned units.
3. When to order new units.
4. How many to order.
Below the answer to the questions are given:
1. The stock status is reviewed on a daily basis. This does not differ from nonrepairable items.
2. On a weekly basis all defective items that have been received at Panalpina are
forwarded to the repair shop for repair. This is completely different than the
non-repairables' procedure, where an EOQ is calculated and ordered when
necessary. The non-repairable procedure is very well applicable to FEI as well,
so that enough defectives are sent to the repair shop to raise the inventory
position up to S, once the inventory level has dropped to or belows. However
this would only make sense to CS logistics if one or more of the cases below
apply to FEI:
a. Defectives are valued lower than repaired items, as that would
contribute to the inventory turns.
b. Defective items can be scrapped against a reserve, as that would
contribute to the inventory turns.
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c. The workload of the repair shops at internal (and external) suppliers
are management by (CS) logistics, as that would lead to a lead time
reduction which also contributes to the inventory turns.
This is not the case with FEI; therefore defectives are forwarded to the repair
shops immediately. This would minimize the chance on a fill rate miss. For
FEI it means that repair costs are expended possibly earlier than necessary, but
the extra costs associated with that (interest) are minimal compared to the
costs of an unexpected stockout.
3. For repairable items the number of pieces in the entire chains* is calculated,
taking into account a lead time of 91 days. This equals the average return cycle
time with FEI; the time that goes by from picking a good item from the shelve
until receiving the repaired item on the shelve with Panalpina. Once the total
number of defective and new/repaired pieces drops belows*, an order for (a)
new unit(s) has to be placed. To not end up with defectives only ans is
calculated based on a lead time of 58 days, the average repair lead time. This s
is used for the daily planning; once the inventory position drops to or belows,
defectives need to be chased from the field and forwarded to the repair shop
and the total number of items in the entire chain needs to be checked.
4. Once the total number of defective and new/repaired pieces drops belows*, an
order for (a) new unit(s) has to be placed in order to raise the inventory
position to exactly s.
So with repairable items two different kinds of purchase orders can be placed:
• As long as the total number of defective and new/repaired pieces in the entire
supply .chain is s or higher only defective items are sent to the repair shop for
repair.
• Once the total number of defective and new/repaired pieces drops below s new
items are ordered to raise the inventory position to exactly s.

3.3.5

Initial Provisioning

As described in subsection 2.1.3.1 there are two reasons to define a spare part for a
certain item that is used in FEI's systems. After the definition of a spare part an initial
quantity has to be ordered, taking into account the two corporate targets, fill rate and
inventory turns.
In theory the initial provisioning is depending on Li i:
• The MTBF (mean time between failures) of an item.
• The MTTR (mean time to repair, in case of a repairable item) of an item.
• The installed base (IB) in which the item is used.
The decision rule for the initial order quantity is:

LT x IB
MTBF

Where:
• LT= the delivery lead time of the item:
o Purchase lead time in case of non repairable items.
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o

Average field return time (the time that goes by from picking a good
item from the shelve until sending the defective item to the repair
shop) + MTTR in case of repairable items.

In reality with FEI the MTBF, MTTR and IB are hardly ever available. For those
items ground rules are defined. This is currently (March 2005) done by the FEI's
Materials and Logistics Operations Management Team and is due in the second
quarter of 2005.
First a criticality matrix is set up. This matrix is based on:
• The part criticality:
o Critical - the system is completely down.
o Disruptive - the system needs repair, but is not down.
o Maintenance - non critical situation.
• The probability of failure: high, medium or low.
After that each defined spare part needs to be assigned to one of the 9 (3 2) categories
in the matrix. Per category has to be decided how many pieces initially have to be
ordered.

3.3.6

Final Replenishment

When a supplier informs FEI that an item is taken out of production and there is no
alternative (other item or re-design of the item) for FEI a last replenishment order has
to be placed.
If demand is probabilistic in nature, the choice of the size of the last replenishment
order involves a trade-off between:
1. The costs of insufficient inventory (reordering, expediting, shortages, etc) if
the total remaining demand exceeds the inventory position after the order is
placed.
2. The costs over over-acquisition if the total remaining demand is less than the
inventory position.

The first category of costs is typically difficult to establish, several uncertainties
should be taken into account, e.g.:
• Customer (type); the customer type might not be strategic, but the customer
itself is (for instance a low-end system with a strategic customer).
• System status without the regarding part; is the system completely down or
does the failing part only cause little inconvenience?
• How much would it cost and how long would it take to re-design the part or
the systems in which the part is used?
The decision rule based on satisfying a certain fraction of de remaining demand is the
same as with the daily planning of items, shown in subsection 3.3.4.1. The only
difference it that the lead time taken into account equals the remaining support years
of the regarding item.
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3.4

CS Materials Planning Tool

3.4.1

Introduction

The FEI assortment in the central warehouse in Europe exists of approximately 4400
SKUs (August 2004). Applying the above mentioned steps, see subsection 3.2.5, item
by item for the total assortment would take such an enormous amount of time that it
would decrease instead of increase CS Materials' efficiency.
To prevent the efficiency decrease and to still apply the three steps in forecasting
future demand for single spare parts, a planning tool has been developed in MS Excel,
to calculate per item:
• The future demand forecast.
• The s.
• The S.

3.4.2

Tool Structure

In a worksheet ("Demand History") the demand history per item per month is shown.
In another worksheet ("Single Item") an item number and the fill rate target can be
entered. Based on the demand history, the future demand for the next month and for
the next LT is forecast for the regarding item. Six different algorithms are used:
• Average
• Weighted average
• Regression
• Simple exponential smoothing
• Linear exponential smoothing
• Winters (triple) exponential smoothing
The parameters for the different algorithms are automatically calculated by MS Excel
via the SOLVER functionality which has been programmed in a macro. The results of
the different algorithms are shown in yet another worksheet ("Algorithms").
Based on the least MSE the best forecast is selected and copied in the worksheet "CS
Materials Single Item" .
In figure 3-3 the "Single Item" worksheet of the planning tool is shown:
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Figure 3- 2: CS Materials Planning Tool: Single Item Sheet

It might be necessary to calculate the future demand forecast, the ROP and order-upto-level for a whole list of items. For that a separate worksheet ("Item List") has been
created in which via another macro the demand forecast for the next month and for the
next LT can be calculated consecutively for the list of item numbers.
In table 3-3 an example of a calculated list is shown:

ABC

FCST
NEXT
MONTH

Yes

A

0.42

0

I

Yes

A

4

0

I

Item

PLT

COGS

Rep

5322 695 16203

58

€ 160,233.60

4035 272 65051

58

€ 31 ,152.22

70

€

4022 268 00433

1,603.40

No

FCST
NEXT
LT

ROO

ROP

A

12.79

0

IS

SS

Forecast
Quality

4

s
s

2

Reliable

13

14

I

Reliable

47

62

16

Not Reliable

5322 695 16189

58

€ 34,164.56

Yes

A

0.92

0

2

s

7

2

Reliable

4022 268 00363

91

€

17,171.76

No

A

0.68

0

2

7

9

s

Reliable

5322 695 16198

58

€

6,786.65

Yes

A

4.37

0

4

17

21

4

Reliable

Table 3- 3: CS Materials Planning Tool: Item List Sheet

It might also be necessary to calculate demand forecasts of an item or a list of items
for the next twelve months (e.g. for capacity planning at a supplier). For that another
worksheet ("Yearly Forecast") has been created in which via another macro the future
demand forecast is calculated.
The tracking signal test has also been implemented in the planning tool. The control
limits have been set to:
• 2 for A-items.
• 3 for B-items.
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• 6 for C-items.
The reason for the differences is to prevent unnecessary burden with CS Materials in
the material planning of C (and B) items. For all items a safety stock is calculated,
which is like the tracking signal, based on the MSE of the forecasts. So the larger the
forecast error is, the larger the safety stock will be. An excessive demand therefore
leads to a higher safety stock (smaller chance to miss an order) which has a marginal
financial impact to the company for C (and B) items.
Reasons 3 and 4 of the tracking signal test are not applicable to FEI, as the planning
tool is set up in such way that the planning parameters are calculated every time and
that always the best forecast model is selected.
In case the tracking signal of a forecast is higher than the control limit of the
regarding item, the material planner must visually check the demand history of the
regarding item and judge the s and order quantity calculation prior to placing an order.
In case of exceptional demand, reason 2 of the tracking signal test, the regarding
demand must be deleted from the demand history and the s and S must be recalculated.

3.4.3

Calculation results

For all items that have been sold at least once since April 2000, the average QOH is
calculated ((0.5 x reorder quantity+ safety stock) x cost price) with the following
settings:
• Fill rate target: 95%
• Fixed cost component incurred with each replenishment: 15.00€.
• Carrying charge: 10% per € per year.
• The lead time of repairable items is defaulted to 91 days, based on targets to
return defectives to the repair shop within 4 weeks and the have them repaired
within 9 weeks.
• The inventory is reviewed daily.
This would lead to an average value on hand of €6,8M and to an inventory turns of
2.32 based on the COGS in 2004 (€15.8M).
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Section 4
4. 1

lmplementation
Introduetion

This section describes the daily activities of the material planners that should lead to
more controlled inventory management. This section is described in more detail in
appendix 8, which can also be used as work instruction for the material planners.

4.2

Daily Downloads

On a daily basis after business hours entire database tables and some reports are
downloaded from MFGPRO to the FTP server as .txt files. In concerns the following
tables and reports that are relevant to inventory management:
• Ad_mstr: address master table.
• Inventory: inventory report of all items and locations in the FEl Europe
MFGPRO system.
• COGSdl: report of all the cost prices of all items in the central site.
• Po_mstr: purchase order master table.
• Pod_det: purchase order details table.
• Pt_mstr: item master data table.
• So_mstr: open sales order master table.
• Sod_det: open sales order details table.
• Tr_hist: transaction history table.
The .txt files have to be moved from the server to the C:\ drives of the individual
planners. Because of size limits it is not possible to move it (only once) toa network
drive. The files are linked in MS Access as tables for use in queries in MS Access or
to export directly to MS Excel. In figure 4-1 the linked tables are shown.
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Figure 4- 1: Access Database
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4.3

CS Materials Planning Tooi

Every month, typically on the first working day, the planning tool is updated and the
reorder points and order-up-to-levels are re-calculated. For the updates several queries
from the above mentioned MS Access database are used:
• The demand history of all items of the past month. This data is copied to MS
Excel where the month and quarter of the regarding transaction dates are
added. After that the total demand per item is calculated in a pivot table. The
pivottableis copied toa separate werksheet in the planning tool.
• The cost prices, purebase lead times, ABC category and supplier of the items
in the item master of FEl Europe. This data is also copied to a separate
worksheet in the planning tool.
The results of the re-calculation of the forecast per month, the forecast per lead time,
the reorder point, the order-up-to-level and the safety stock per items are copied toa
table ("Planning Tool Results") in MS Access.
Typically the tool update and upload into MS Access is done by the logistics manager
or a senior material planner with advanced MS Office skills.

4.4

Reports

With the data from the planning tool and all the reports and tables several reports
(queries) can be run to manage the inventory.

4.4.1

Replenishment

4.4.1.1

Goal

The goal of the replenishment report is to quickly provide an easy-to-use spreadsheet
with items of which the inventory position has to be reviewed.

4.4.1.2

Procedure

The replenishment report is to be run on a daily basis. lt shows of all items with a
projective quantity on hand (inventory +open purebase orders- backorders) equal to
or less than the ROP:
• Item Number.
• Repair Status.
• ROP.
• s* (total number of repairables that should at least be in the entire chain).
• Ioventory Position (Projected QOH).
• QOH.
• Quantity on order.
• Backorder quantity.
• Order-up-to-level (S)
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Reorder quantity
Forecast Quality
Responsible material planner.
Supplier code.
Supplier name.

In table 4-1 a sample of the list is shown:
llemNumber
4022 268 00695

58

Yes

c

3

5

2

2

0

0

4

2

Nol Reliab1e

Kalerina

5322 695 16206

58

Yes

A

11

17

10

6

4

0

14

4

Nol Reliab1e

Kalerina

4022 260 45265

70

No

b

4022 268 00678

56

No

c

109.06.0001

56

No

a

8

0

0

0

0

4

4

Reliab1e

Kalerina

NL84036(

6

6

0

0

87

81

Reliab1e

Kalerina

NL82778Ç

0

0

0

0

2

2

Reliab1e

Kalerina

NL77636(

Table 4- 1: Item Parameters

Per item has to be deterrnined what action(s) has (have) to be taken. lt can be one or
more of the following actions:
• No action at all.
• Place a replenishment order with the supplier.
• Chase outstanding purebase orders with suppliers.
• Chase returns of defective items from customers.
• Delete exceptional demand from the demand history in the planning tool, recalculate the ROP and update the data in the "Planning Tool Results" table in
MS Access.

4.4.2

Backorders

4.4.2.1

Goal

The goal of the backorder reports is to quickly provide an overview of the backorders
in MFGPRO with additional information, like item availability, if necessary.
There are two main backorder reports:
• All backorders in MFGPRO.
• Backorders in MFGPRO with a quantity on hand (available of the shelve), so
backorders that could possibly be shipped.
The report showing all backorders in MFGPRO is used for publishing purposes, to
inform the intercompany costomers of theET As of the parts that they ordered.
The report showing backorders in MFGPRO with a quantity on hand is used to fill
backorders as soon as possible in order to minimize to down-time of systems in FEI's
installed base.
Besides the two main reports there are more reports regarding backorders:
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Backorders on items from a selected supplier. This report shows all the
backorders on items from a supplier. The supplier bas to be filled in when the
report is run.
• Backordered items. This report shows the total quantity on backorder per item.
These reports are used to chase outstanding orders (see subsection 4.4.3 for more
details).

4.4.2.2

Procedure

The report showing all backorders in MFGPRO is run on a weekly basis by the
escalation officer in MS Access and manipulated and updated in MS Excel in order to
only show data that is valuable to the customer. lt is publisbed on the FEl intranet.
The report showing the backorder(s) with a quantity on hand is run by the escalation
officer, on a daily basis, and exported to MS Excel. The list is reviewed by the
escalation officer on:
• Quantity on hand versus quantity on backorder: if the quantity on backorder is
higher than the quantity available, the backorders to be shipped are selected
and the others are deleted from the list.
• Strategie customers: normally backorders are shipped on a FCFS (first come,
first serve) basis, with the exception that strategie customers always come
first, so if the quantity on backorder is higher than the quantity available, the
backorders to be shipped are prioritized.
• Critica} items: if a backordered item is available of the shelve it does not
automatically mean that the backorder is shipped. lf it concerns· a critica} item,
the escalation officer may decide to not ship the item, or just a certain number
of pieces, to keep inventory available for strategie purposes.
After the report bas been reviewed it is passed on to the CS Helpdesk to be processed.

4.4.3

Chasing Suppliers and Suppliers' Performance

4.4.3.1

Goal

The primary goal of chasing suppliers and to measure their performance is to improve
the fill rate and to provide updated backorder information to the customers. The
secondary goal is to stay in touch with the (most important) suppliers, not only via Email, but also verbally over the phone or in meetings.

4.4.3.2

Procedure

On a (bi-)weekly basis the outstanding orders with three critica! suppliers are
reviewed and prioritized by in conference calls. For these suppliers a top 10 of cri ti cal
items is set up. This top 10 consistsof backordered items, sorted on ABC
classification and possibly items that are out of stock or soon to be out of stock (if
there are less than 10 backordered items with the regarding supplier). For the top 10
two reports are used, that are run in MS Access and exported to MS Excel:
• Backorders on items from a selected supplier as described above.
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The inventory run-out time of items which are supplied by a selected supplier.
This is a report showing all items that are supplied by a certain supplier and
the:
o Quantity on order per item.
o Quantity on hand per item.
o Run-out time of the quantity on hand based on the latest demand
forecast.
o Forecast per month per item.

In table 4-2 a sample of the report is shown:
PO
Number

Line

Due Date

Item Number

Description

P0104821

1

04-Feb-05

9432 061 07001

Set of 3 apertures, 200

P0104755

8

04-Feb-05

5322 530 50856

0 RING, RUBBER

4022 268 00561

MEASURINGSYSTEM
MICROE

ERS10590

2

14-Dec-04

QOO

QOH

Run-Out Time
<weeks)

Forecast per
month

40

1

0.11027249

38.86463436

100

1

0.402890834

10.6373728

14

1

1.090304736

3.930735931

Table 4- 2: Inventory Run-Out Time

Besides the top 10 there is another report that is run on a weekly basis. This report is
sent to all suppliers. It shows all open past due purchase orders for items with an
inventory run-out time of less than x weeks. The number of inventory run-out weeks
is to be selected per supplier, in order to prevent overloading the supplier with
requests for updates (overloading suppliers with FEI generally leads to unreliable
updates or no updates at all). This report is sent to the order desk of the regarding
supplier to expedite the orders.
Lastly there is a report, which is run on a monthly or even quarterly basis, depending
on the suppliers' performance in the past. This report shows per items the percentage
of orders that have been delivered on time, too early and too late. The "too early" and
"too late" parameters (days before and after the confirmed delivery date) have been
set to respectively 5 days before and 2 days after the due date. This report is sent to
the account management of the regarding supplier.

4.4.4

Fill Rate

4.4.4.1

Goal

Primary goal of the fill rate report is to measure the performance of CS Materials and
to take corrective actions if necessary and possible. Secondary goal is to inform
Customer Service management of the performance

4.4.4.2

Procedure

The fill rate is measured on a weekly basis. To calculate the fill rate of a certain
period a single query ("KPI - Central Fill Rate") has to be run. The start and end date
of the period has to be selected before the report is run. The output has to be exported
to a predefined MS Excel sheet, in which it has to be manipulated. Finally a pivot
table has to be refreshed, in order to calculate the fill rate of the regarding period.

FEI Company 2005

page 51 of 89

Supplier
Item

Section 4 - Implementation
Misses are analyzed by the material planners on a weekly basis and divided into four
main categories:
• Misses on non defined spare parts. These misses should be ignored in the fill
rate calculation. After the third time within one year an order has been placed
for a non defined spare part, a spare part has to be defined for the regarding
item and/or this item has to be put on stock.
• Misses on spare parts with a ROP of zero. In this case the ROP has to be
reviewed (not re-calculated as that would lead to zero) and if necessary it has
to be increased by the material planner.
These misses are assigned to the material planners.
• Misses on spare parts with a ROP of higher than zero, but with no placed
purchase orders and/or placed purchase orders with a future due date. In this
case open purchase orders have to be chased and/or a new purchase order has
to be placed.
These misses are assigned to the material planners.
• Misses on spare parts with a ROP of higher than zero with placed purchase
orders that are past due. In this case the open purchase orders have to be
chased.
These misses are assigned to the supplier(s).
Except for the analysis of the misses the fill rate calculation is done by the CS
Logistics Manager.
The analysis of the misses and the fill rate are reported to Customer Service
management.

4.4.5

Inventory Turns

4.4.5.1

Goal
The inventory tum is measured on a monthly basis. Primary goal of the inventory
turns report is to measure the performance of CS Materials. Secondary goal is to
inform Customer Service management of the performance.

4.4.5.2

Procedure
The query showing the demand history per item, that is used to update the planning
tool, also shows the COGS per line item. The data is manipulated in a pivot table in
MS Excel, so that it shows the total COGS per month.
The total inventory per month is reported by corporate FEI. Both the total COGS and
the total inventory are copied to a separate MS Excel sheet in which the inventory
turns are calculated and shown in a table and graph with the target.
The calculation is done by the CS Logistics Manager and is reported to Customer
Service management.
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Section 5

Conclusions & Recommendations

Conclusions
As shown in section 2 both corporate targets, fill rate and inventory turns, are not met:
• The overall fill rate was 80.1 %. Broken down by EOPD and FPD items:
o The fill rate of the EOPD items: 80.6%
o The fill rate of the FPD items: 66.7%
• The inventory turns in 2003 were 1.37
There are four main reasons for not meeting the targets:
• CS Materials ordering too late (more reactively than pro-actively) and the
wrong items and/or quantities; 75% of the fill rate misses are assigned to CS
Materials.
• Suppliers delivering too late; about 40% of all orders are delivered past due
(the due dates are set according to the confirmations of the suppliers).
• The inventory control with FEI does not incorporate a real safety stock, based
on the variance of the demand forecast error. This leads to regular stockouts
and (risk on) misses.
• There are no tools available to measure CS Materials' and the suppliers'
performance accurately. Therefore it is difficult to identify the "weak links"
and to improve the overall performance.
The root cause of the problems is that the replenishment of parts is inaccurate and
absorbs about 70% of the time:
• The inaccuracy leads to wrong items and/or quantities on the shelves, which
increases the inventory and decreases the inventory turns.
• The time absorption leads to orders being placed too late and indirectly to
suppliers delivering too late. Delivering spare parts is none of FEI' s key
suppliers' core business. Therefore suppliers need to be chased constantly,
which is a responsibility of the material planners and currently this is not or
barely done.
By using the CS Materials planning tool and the support tools (to calculate for
instance the fill rate and the inventory turns) the efficiency and accuracy of material
planning is increased tremendously.
In theory it will lead to an overall fill rate of 95% out of the European central

warehouse and an inventory turns of at least 2.32.

Recommendations
The procedure for initial provisioning of spare parts in case the MTBF, MTTR and IB
are not known has to be finished and implemented. It increases the efficiency of the
material planners.
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With support of corporate purchasing it has to be investigated how the forecast
calculated by the planning tool, can be used to reduce the lead times with suppliers.
Currently all spare parts are planned and ordered based on the total lead time of the
items.
Together with EOPD logistics (management) it has to be investigated how the
workload of the repair shop can be managed by (CS) logistics in order to reduce the
repair lead time. A lead-time reduction will automatically lead to an improvement of
the inventory turns.
During the implementation of Oracle (FEI's new ERP system) it has to be
investigated how the forecast of systems' sales can be used as advance demand
information (ADD. Currently the forecast of systems' sales is done in OTS, which can
not be used as ADI for CS Materials.
CS Materials had to work more closely with the sales order desk. If the completeness
and technical status of a system that is shipped from the PD into the field is known, it
is possible for CS Materials to anticipate future part escalation during installation.
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Fill Rate Measurement

Below the procedure to measure the fill rate is outlined:
First a 'fill rate' report is downloaded that shows the sales and material orders that
have been entered in the system. This is not a standard report, but a report that has
been created in an attempt to measure the fill rate in the past. In table A3-1 a fraction
of the report is shown.
Order Dt
9-Jan-04
16-Feb-04
25-Mar-04
29-Mar-04
17-Sep-03

RMA#
11161RTS
CTS36
ERM10749
ERM12569
ERM12838

Line#

2

RMAPart#
4022 268 0000 I
5322 695 15976
5322 695 15788
5322 695 15868
5322 695 16148

Qty Ord
I

Qty Ship
1
0

Due Date
9-Jan-04
17-Feb-04
26-Mar-04
30-Mar-04
9-Feb-04

Ship Date
9-Jan-04
?
?
29-Mar-04
10-Feb-04

Table A3- 1: Fill Rate Report

The report shows the order dates and the ship dates (if the regarding item has been
shipped during the period that is reviewed).
The problem is that ship dates in the report are not reliable, because it depends on the
F&A department, that has to post all transactions the same day they are processed in
the system, which is not always done. Therefore another non standard report is
downloaded that shows all the issue transactions in the regarding period. In table A3-2
a fraction of the report is shown.
Ship Date
07-Jan-03
07-Jan-03
07-Jan-03
07-Jan-03
07-Jan-03

Order
M0102265
M0102265
M0102265
M0102265
M0102265

Line
2
3
2
3
2

Item
5322 390 10098
4022 268 00609
5322 390 10098
4022 268 00609
5322 390 10098

Price
14.78
350
14.78
350
14.78

Cost
14.78
350
14.78
350
14.78

Qty
-1

-1
-1
-1
-1

Table A3- 2: Issue Transactions in a Period

With the combinations "RMA Part#-Line#-RMA Part#" and "order-line-item" as the
keys, the two reports can be linked, so that the ship date in the first report is updated
and the fill rate can be calculated.
To measure the suppliers' delivery performance per item first a non standard 'vendor
rating' report showing the due dates and receipt dates of all purchase orders with a
due date in a certain period is downloaded. In table A3-3 a fraction of the report is
shown.
Supplier
123669
1NL98156
BE801295
BE801295
CH801295

Order
N4-00318
P0103122
BE008303
BE162249
CH000633

Ln

Due
21-Apr-04
01-Mar-04
05-Feb-04
06-Apr-04
08-Mar-04

Need
21-Apr-04
01 -Mar-04
05-Feb-04
06-Apr-04
08-Mar-04

Perform
21 -Apr-04
01-Mar-04

Receipt
28-Apr-04
05-Mar-04

05-Feb-04
06-Apr-04
08-Mar-04

17-Mar-04
16-Apr-04
08-Mar-04

Table A3- 3: Vendor Rating Report
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This report does not show the regarding item numbers. Therefore a standard report
showing all the details of all the purchase order lines is downloaded. In table A3-4 a
fraction of the report is shown.
Supplier
nl801295
NL544515
nl801295
nl801295
NL801295

Order
P0102153
P0102192
P0102219
P0102470
P0102563

Ln
2
1
3
4

Item Number
4022 268 00006
4022 268 00006
4022 268 00006
4022 268 00006
4022 268 00006

Ord Qty
1
0

Due
16-0ct-03
03-Nov-03
21-0ct-03
02-Dec-03
12-Dec-03

Table A3- 4: Purchase Orders Details

With the combinations "Orders-Ln" as the keys, the two reports can be linked, so that
the item number is added to the vendor rating report. With that report the performance
per item can easily be calculated.
A summary of the missed lines out of the fill rate report, showing the missed lines per
item, is linked to vendor rating report, so that the cause of each missed line can be
determined. In table A3-5 a fraction of the report is shown.

Item Number

#
Lines
Missed

5322 695 15196

CS Materials
Responsible for
Miss after
correction

N.A.

4022 260 23872

5322 695 15851

Vendor
Rating

100%
definite CS
Materials
miss

3

16

100.00%

90.00%

Vendor
Responsible for
Miss after
correction

0

3

0

4022 268 00086

7

50.00%

0

5322 134 44226

3

0.00%

0

3

0

90% delivery
performance; 16 * 0.9 *
0.81 = 1 miss caused by
the supplier

15

4

Comments
Never been ordered
before; 100% of all
misses caused by CS
Materials
Always on time
delivery; 100% of all
misses caused by CS
Materials

3

2

50% delivery
performance; 7 * 0.5 *
0.81 = 3 misses caused
by the supplier
0% delivery
performance; 3 * 0.19 =
1 miss caused by CS
Materials

Table A3- 5: Fill Rate Misses Analysis
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Inventory Q1 2003 - Q1 2004

In table A4-1 the monthly inventory in the period from Q 1 2003 until Q 1 2004 is
shown.
"GIT" means "Goods In Transit", which is the total value of outstanding repairs with
the repair shops. "Inventory" is the total value of the inventory on the shelves with
Panalpina.
Month
Dec.2002
Jan.2003
Feb.2003
Mar.2003
Apr.2003
May.2003
Jun.2003
Jul.2003
Aua.2003
Sep.2003
Oct.2003
Nov.2003
Dec.2003
Jan.2004
Feb.2004
Mar.2004
AveraQe

Inventory Month End
8,831,076.81
€
€
8, 798,972.58
€
8,605,288.95
8,652,703.57
€
8,534,906.14
€
€
8,392,642.27
8,245,904.91
€
€
8, 104,609.69
7,823,512.31
€
€
8, 124,216.63
€
8,287,374.46
7,953,610.63
€
€
7,617,027.58
7,669, 162.11
€
€
8,217,275.57
€
8, 185,227.17
8,252, 719.46
€

GIT Month End
€ 516,053.46
€ 715,208.31
€ 838,584.26
€ 1,037,731.10
€ 1,232,498.40
€ 1,248,310.49
€ 2,005,459.90
€ 2,288,420.60
€ 595,972.63
€ 2, 114,959.90
€ 3,000,000.00
€ 2,600,000.00
€ 2, 196,379.32
€ 2,247,471.78
€ 2,287,959.19
€ 1,907,924.38
€ 1,677,058.36

Total Inventory
€ 9,347, 130.27
€ 9,514, 180.89
€ 9,443,873.21
€ 9,690,434.67
€ 9,767,404.54
€ 9,640,952.76
€ 10,251,364.81
€ 10,393,030.29
€ 8,419,484.94
€ 10,239, 176.53
€ 11,287,374.46
€ 10,553,610.63
€ 9,813,406.90
€ 9,916,633.89
€ 10,505,234.76
€ 10,093, 151.55
€ 9,929, 777 .82

#Items
4625
4619
4581
3757
3764
3799
3850
3891
3900
3902
3940
4000
4002
4009
4069
3888
4037

Table A4- 1: Monthly Inventory Ql 2003 - Ql 2004
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Inventory Turns

In table A5-l the inventory turns in the period from Ql 2003 until Ql 2004 are
shown. The target per year is at least two (so the target per quarter is 0.5).

Avg.Total Inv.

Inv.
Turns

Target
Inv.
Turns

Cum.Inv.
Turns

Target
Cum.Inv.
Turns

Quarter

COGS

Q1 03

€3,635,454.43

€9,492,278.86

0.38

0.50

0.38

0.50

Q203

€3,225,601.93

€9, 793,085.68

0.33

0.50

0.71

1.00

Q303

€2,965,299.63

€9,685,928.63

0.31

0.50

1.02

1.50

Q403

€3,398,843.50

€10,622,425.60

0.32

0.50

1.34

2.00

Q1 04

€3, 785,925.48

€10, 125,049.29

0.37

0.50

0.37

0.50

Table AS- 1: Inventory Turns Ql 2003 - Ql 2004
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Appendix 6

Forecasting Models and Procedures

The following forecasting techniques will be explained:
• Simple moving average.
• Weighted moving average.
• Regression.
• Single exponential smoothing.
• Double (linear) exponential smoothing.
• Winters (triple) exponential smoothing.

6. 1

Simple Moving Average

6.1.1

Underlying Demand Model

The simple moving average is appropriate when demand is modeled as in the
following equation:

that is, a level with random noise. The parameter a is not really known and is subject
to random changes from time to time.

6.1.2

Updating Procedure

The simple N-period moving average, as of the end of period t, is given by

where the x' s are actual, observed demands in the corresponding periods. The
estimate of a at the end of period t is then

6.1.3

Forecasting

Because of the (level) nature of the model, it is appropriate to use the estimate
forecast at the end of period t for any future period:

where
t

x

1,IH

a as a
1

is the forecast, made at the end of period t, of demand in period t + t (for

= 1, 2, 3 ... ).
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6.2

Weighted Moving Average

6.2.1

Underlying Demand Model

The weighted moving average is appropriate when demand is modeled as in the
following equation:

that is, a level with random noise. The parameter a is not really known and is subject
to random changes from time to time.

6.2.2

Updating Procedure

The weighted N-period moving average, as of the end of period t, is given by

where the x' s are actual, observed demands in the corresponding periods and W's are
the positive weights assigned to the individual observed demands. The estimate of a at
the end of period t is then
A

-

a t =xt,N

6.2.3

Forecasting

Because of the (level) nature of the model, it is appropriate to use the estimate
forecast at the end of period t for any future period:
A

xr ,r+r

where
't

\r+r

=

at as a

A

ar

is the forecast, made at the end of period t, of demand in period t + 't (for

= 1, 2, 3 . .. ).

6.3

Regression

6.3.1

Underlying Demand Model

The regression technique is appropriate when the underlying model assumes that
demand is a linear function of time:
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A least squares criterion is used to estimate values, denoted by
parameters a and b.

6.3.2

a and b, of the

Updating Procedure

If there are n actual historical observations xr (fort= 1, 2, ... n), then the least squares

a

criterion involves the selection of and
n differences between xr and x1 • That is,

b to minimize the sum of the squares of the

Through the use of calculus it can be shown that

(n+l)n
Itxr- 2 LXr
b=
n

r=l

r=l

n(n 2 -1)/12

and

a= Ix
6.3.3

1

1n-Ecn+1)12

Forecasting

The forecast value of xr, denoted x1 , is given by

where
't

\ wr is the forecast, made at the end of period t, of demand in period t + 't (for

= 1, 2, 3 ... ).

6.4

Simple Exponential Smoothing

6.4.1

Underlying Demand Model

As in the case of moving averages, the basic underlying demand pattern assumed is
the following:
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However, the procedure is actually appropriate for a somewhat wider range of
demand models.

6.4.2

Updating Procedure

The parameter a is to be estimated. With regression a least squares regression on
historical data is used to estimate parameters of the underlying model. However,
regular least squares gives equal weight to all historical data considered. Simple
exponential smoothing can be derived by selecting 1 , the estimate of a at the end of
period t, in order to minimize the following sum of discounted squares of residuals.

a

~

1
S'= """"'dj+
(x t-1.
L..J

-a )

2

t

j=O

where
d =a discount factor (O<d<l)
= the actual demand in period t-j

x 1_ j

Note that, because d<l, the weighting given to historical data decreases geometrically
as is gone back in time. Exponential smoothing would really be more appropriately
named geometric smoothing (an exponential curve is a continuous approximation to
geometrically decaying points). The resulting estimate of a satisfies the following
updating formula

where

a = 1 - d is known as the smoothing constant.
In addition, it can be shown that

at = m

1

at is an unbiased estimate of a; that is E( a
1

)

= a.

+ (1- a)a 1_ 1 can be manipulated as follows:

or

where
e1 = the error in period t between the actual demand x 1 and the forecast
made at the end of the previous period (t-1 ).

at-i

at at-I

Equation
=
+ ael states that the new estimate of the level is the old estimate
plus a fraction of the most recent error.
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6.4.3

Forecasting

As mentioned earlier, a, is an unbiased estimate, as of the end of period t, of the
parameter a, where the latter is the expected demand in any future period. Thus the
forecast, made at the end of period t, for any future period t + ris

6.5

Double Exponential Smoothing

The simple smoothing procedure presented in the previous subsection is based on a
model without a trend and therefore is inappropriate when the underlying demand
pattern involves a significant trend. A somewhat more complicated smoothing
procedure is needed under such circumstances.

6.5.1

Underlying Demand Model

The basic underlying model of demand is the pattern of

6.5.2

Updating Procedure

Holt ~] suggests a procedure that is a natural extension of simple exponential
smoothing:

and

where

a and p are smoothing constants and, for the demand model, the difference

a,- a,_, is an estimate of the actual trend in period t.
6.5.3

Forecasting

Because of the underlying model, it is known that

where
xt ,t+T

't

is the forecast, made at the end of period t, of demand in period t + 't (for

= 1, 2, 3 ... ).
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Also the forecast, made at the end of period t, of cumulative demand from time t (end
of period t) to time u (end of period u) is
u-t

.x,,,,u= I<a, +b/r)
r =I

When u is not exactly an integer, the last term in the summation should cover an
appropriate fraction of the last period.

6.6

Winters Exponential Smoothing

In many organizations there are a number of individual SKUs that exhibit demand

patterns with significant seasonality. For individual items, the most common
forecasting update period when seasonality is present is one month.

6.6.1

Underlying Demand Model

The basic underlying model of demand is the pattern of

6.6.2

Updating Procedure

To use the underlying model repetitively for forecasting purposes, estimates of a, b
and the Fs must be calculated. Winters [1] suggests the following procedure:

and

where a, ~ and y are the three smoothing constants that all lie between 0 and 1. The
term x, I F,_p reflects an estimate of the deseasonalized actual demand in period t in
that ~-P was the estimate of the seasonal index for the most recent (P periods earlier)
equivalent to those shown earlier in the nonseasonal Holt procedure.

6.6.3

Forecasting

The underlying model includes level, trend and seasonal factors . As of the end of
period t we have
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where

x,,r+-r is the forecast, made at the end of period t, of demand in period t + rand

Fwr-P

is the most recent estimate of the seasonal index for period t + r.

The forecast of cumulative demand from the beginning of period t + 1 through the end
of period u is given by
xA = IA
x
u-t

t ,t ,u

l ,l+T

-r=l

where, if u is not an integer, the last term in the summation reflects an appropriate
proportion of the last period.
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Decision Rule for Calculating sand S

Appendix 7

The normal distribution approach is appropriate to use as long as CV (R+L) :S; 0.5 where
CV(R+L) =
I
is the coefficient of variation of demand over R+L. L2J:

aR+L xR+L

Select s to satisfy

a;+Lju(S-XR+L J-aiJ u(S-XL J= 2(1- Pi}xR[s - s +a;:
~L

~

x;]

~

Where:
S-s = Q

Q =-1 ~2AD +ai
P2

rv

A = fixed cost component incurred with each replenishment
D = demand rate
r = carrying charge
v = unit variable cost of the item
P2 = fill rate constraint
= expected demand in a period of duration t
L =lead time
R = review time

xt

FH = forecasting horizon
FP = forecasting period

Pu ~(k)

= l-NORMDIST(k)

1
2
fu(k)= ~exp(-k /2)

'\/ 2tr
When CV exceeds 0.5, a Gamma distribution provides better results because, with
such a high value of CV, a normal distribution would lead to significant probability of
negative demand.
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For gamma distributions the decision rule is as follows [QJ :
Select s to satisfy
2
a~+L (aR+L + 1){1- P(aR+L + 2,bR+Ls) }- 2s.XR+L {1- P(aR+L + 1,bR+Ls)} + s {1- P(aR+L ,bR+Ls)}
2

-ai(aL +1){1-P(aL +2,bLs)}+2sxL{1-P(aL +1,bLs)}-s {1-P(aL,bLs)}

Where:
S-s = Q

A =fixed cost component incurred with each replenishment
D = demand rate
r = carrying charge
v =unit variable cost of the item
P2 =fill rate constraint
expected demand in a period of duration t

xi=

FH = forecasting horizon
FP = forecasting period

b
= XR+L
R+L
2
O'R+L

x2L
__
a L0' 2
L

- XL
bL-

0'2
L
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Appendix 8
8. 1

Work Instruction CS Materials

Introduction

This section describes the planned activities of CS Materials in detail.

8.2

Summary - Checklist

On a DAILY basis the following actions must be taken:
• Move the files from the FfP server to the C:\ drive (Daily Downloads).
• Run the replenishment report and place orders if necessary (Replenishment).
• Run the "Backorders that can be shipped" report, review it and pass it on to
the CS Helpdesk (Backorders that can be shipped).
On a WEEKLY basis the following actions must be taken:
• Run the "KPI- Central Fill Rate" report, update the "Fill Rate Calculation"
file, calculate the fill rate and analyze the misses (Fill Rate).
• Run the backorders report, update statuses and have it published (Backorder
Overview).
• Set up the TOP 10 for critical suppliers and distribute it for updates (Top 10).
• Run the "Open past due purchase order lines with run-out time report" and
send it to the supplier(s) for updates (Past Due Orders).
On a MONTHLY basis the following actions must be taken:
• Run the "USAGE UPDATE" report and update the "usage" file and the
planning tool (Update Procedure Planning Tool).
• Run the "Vendor Rating - Average Performance" report for the selected
suppliers and send it to the suppliers (Delivery Performance).
• Calculate the inventory turns (Inventory Tums).

8.3

Daily Downloads

On a daily basis, after business hours, complete tables and some reports are
downloaded from MFGPRO to the FfP server as .txt file. These files have to be
moved from the server to the C:\ drive.

8.3.1

Procedure

Start program WS_FfP and log on using the setting in figure A8-l. Note that you
have to use your own User ID and Password.
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Ses sion Properties

I

.:.

I

I

General Stst14> Advanced Frewlll

Profie Name:

I

jll!lllll

3

Ne.t)!
D~te

Host.lfame/Adaess: ln1evpeo7

IUNIX (st11nd111d)
Y-ID: ltis

iJ

Host !YJ>e:

r ~

P° SayePwd

fauword: 1..--··

41mment:
OK

H~

Cancel

Figure AS- 1: FTP Session Properties

Click OK and the main menu will appear. Depending on your settings you will end up
in a certain directory on your local system (the left side of the screen) and a certain
directory on the FfP server.
Browse to the directories as shown in figure A8-2 (if necessary create subfolders on
your C:\ drive).

r-

-

J c : ,Teap'af9Ull dat•'-d.-.ili-

.

11..:l....utr . txt

....

DU 217
II batch_•• 109 DU 217
llca_-tr . t xt
OU 217
II ccd..>atr . txt 041 217
041217
Clllc"-. . tr . t zt
Ill cat_det . txt
0'1217
ma -p_- tr . lat 041 217
OU217
l:llllD9--lr . h t
II .,,.__tr . t•t
0412 17
0'1 217
11 wcLdet . t•t
fll Forecast OutP- 0'10 20
1111 idh,_hist . t:st
OU 217
c:lil:Lhiat . ts t
OU 217
l:Din\teDtary . tst OU2 17
11:11 iab_-tr . t:st
0'1 217
II i t..._aite_am- 0409 27
Ill po_ut:r . txt
041217
041 217
11 pod,_det . tat
1:11 pt_-tr . t at
0412 17
0412 17
i::lsa....-tr . tat
11 aact_det . tat
0'121 7
llllsal_-tr . t:sl
OU 217
l:llsc_-tr . t. at.
OU 217
0'1217
sod_det . t:s t
0'1217
tr_hist . tat
0'1217
lllW'CL-tr . tat
1111 wc4_de t . tat
OU 217
0'1 217
i=ln--~te . ht
041 217
Cli "'LFl'P .LOG

=
=

07 : 13
07 : 13
07 : 13
07 : 13
07 : 13
07 : 1 3
07 : 13
07 : 13
07 : 13
07 : 13
19 : 28
07 : 13
07 : 13
07 : 13
07 : 1 3
09 : 34
07 : 13
07 : 13
07 : 13
07 : 13
07 : 13
07 : 13
07 : 13
07 : 13
07 : 1'
07 : 1'
07 : 14
07 : 14
07 : 1'

ii [ -c-)
~ c -•-1

I

-

:!I

...
so

8
•

8

191

•

·--

ad_. . tr . txt
batch_- . log'
ca_. . tr . lat
c:cd_axtr . txt

·~-tr . tat

18
205

10

o....

'
"'
1

I

:: l.!:1

311
11

22

8 cat_det . tat
8 eap_. . tr . l • t
8 eng_•xt:r . txt
8•u...-tr .txt
• eud_det . t:st
8id.1'...hiat . t:st
• it\._hi•t . t:st
8 In9entory . ht
8 hlb_aatr . t:st
8 po_ astr . t:st
pod,_det . txt
8 p t _-tr . tx t
aaa_-t r . txt
8 eacl....det . ta t.
aal_ utr . t:st
• ao_-tr . t:s t
904,..det . ta t
tr_b i at. . t:s t
awo_-t.r . t.at
• wccLdet . tat
8 w:r_ route . t at

j..:.l a

"

13
218
142
30
•8
120
lS
31
297 0
152
11
658

i

___~

I
I
I

___)

150 Clpriv Ml ccmmiDn Jar Mw1I.

.....

D•
041 217 19 : 31
DU 217 19 : 34
DU217 1 9 · 31
OU217 19 : 31
OU211 19 : 33
OU 217 19 : 30
OU 217 19 · 31
041 21 7 19 : 31
OU211 19 : 31
0'1 21 7 19 : 31
OU 217 19 : 3 0
OU2 17 19 : 3 0
OU2 1 7 23 · 4 2
041217 1, : 31
0412171, : 33
041217 19 : 3 4
041 21 7 19 : 3 1
OU 21 7 1, : 30
0 41 217 1' : 30
0 41217 1' : 33
0'1 217 19 : 31
0 41 217 19 . 31
041 21 7 l, 33
041217 1, . 29
041 217 1, : 31
0'1217 19 : 29

...
5017'04
1666
191'1243

5'313
1829835
206093 4'
72 479

U 349
1033170
431455
U 281217
31196377
1179946
2287142
7323156
21918765
14 207 ,87
3036703
f.87 3195
12052597
15t6'90
314 5138
2976361 09
15301 642
8179804
658326 5,

------

~1146 .... io!0.119C1. (138.46K,bpll. . . . ~

226 Tr. . C0111PM.

Figure AS- 2: FTP Directory

Move all directories from the FfP server to the C:\ drive by selecting all files and
clicking the arrow left in the middle of the screen. Note: with a network connection
this takes about one minute, never do this via a modem connection.
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8.3.2

MS Access Database

The files have been linked in an MS Access database in which they are used for
queries to support inventory management. In figure A8-3 the linked tables are shown.
A copy of the database is available on the L:\ drive (service drive).
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111- 111:Ttlill
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'I< •.:;. ~
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~ .

• r-=·~
-----1

X
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-

-·--·--···--·-----·-

..

------------

~ C1Mt1Ubil~ust19"'2.-cl
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c.Mo ..... by ... _ _

C.Cal_,...

"'-""'

!I .....
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,_.._
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.

T•ftt

.........
w..-

-
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~----~L-------·------
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F igure AS- 3: Access Database

8.4

CS Materials Planning Tool

The CS Materials Planning Tool is used to calculate the forecast of future spare parts
demand, the ROPs and order-up-to-level. Every month the tool is updated and the
forecast, the reorder points and order-up-to-levels are re-calculated. For the updates
several queries of the above mentioned MS Access database are used.
Typically the tool update and upload into MS Access is done by the logistics manager
or a senior material planner with advanced MS Office skills.

8.4.1

Procedure

Run the "USAGE UPDATE" query in the MS Access database for the period of
which the demand history needs to be updated. A shortcut of the query can be found
in the "Support Queries" group.
In table A8-1 a sample of the output is shown.
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,_
I

Date

Order

USAGE UPDATE
Order Line Item Number Q_fy COGS Ext COGS Location Transaction
1;4022 268 00768

1 €2,030.00 €2,030.00 2014-3

719786

Ol-Dec-04 ·ERM17228

114022 268 00433

10 €1,603.40 €16,034.00 2413-2

719901

Ol-Dec-04 ERM17228

2: 5322 695 15933

8

€230.30

€1,842.40 2115-7

719902

4 i5322 695 15196

5

€217 .68

€1,088.40 2122-6

719903

2

€898.58

€1,797.16 2319-103

719804

2

€20.43

€40.86 CSIN

719219

Ol-Dec-04 ERM17227

jol-Dec-04 ERM17228
Ol-Dec-04 :ERM17231

1 5322 695 14776

Ol-Dec-04 :ERM17242

1 5322 530 50885

1

Table AS- 1: Usage Update MS Access Output

Export the data to MS Excel by clicking the "Analyze It with Microsoft Excel" option
in MS Access. Insert three columns to the next of column A. Open the file "USAGE"
that is also available on the L:\ drive. Copy the range {B 1:D2} from the worksheet
"Shipped lines" worksheet and paste it in the same range on the worksheet with the
exported MS Access data. Drag the formulas in range {B2:D2} to the last row of the
data. The month, the quarter and the year of the regarding demand lines will be added
to the sheet. In table A8-2 a sample of the output is shown.
Ship Date

Month

Quarter

Year

Order

Line

Item Number

Qty

COGS

Ext.COGS

01-Dec-04

12 2004

Q42004

2004

ERM17227

1

4022 268 00768

1

€2,030.00

€2,030.00

01-Dec-04

12 2004

Q42004

2004

ERM17228

1

4022 268 00433

10

€1,603.40

€16,034.00

01-Dec-04

12 2004

Q42004

2004

ERM17228

2

5322 695 15933

8

€230.30

€1,842.40
€1,088.40

01-Dec-04

12 2004

Q42004

2004

ERM17228

4

5322 695 15196

5

€217.68

01-Dec-04

12 2004

Q42004

2004

ERM17231

1

5322 695 14776

2

€898.58

€1,797.16

01-Dec-04

12 2004

Q42004

2004

ERM17242

1

5322 530 50885

2

€20.43

€40.86

Table AS- 2: Usage Update MS Excel Worksheet

Copy the data (except the first title row) into the "Shipped lines" worksheet in the
"USAGE" file from the bottom of the existing data (so you will be adding the lines to
the worksheet).
Update the pivot table in the "Total Monthly Item Usage" worksheet and copy the
values of the table into the "Demand History" worksheet of the CS Materials planning
Tool.
Next run the "CIM - Item Parameters" query in the MS Access database. A shortcut
of the query can be found in the "Support Queries" group. In table A8-3 a sample of
the output is shown.
COGS

Supplier

ABC

4022 199 81278

B

21

€45.02

FALSE

nl801295

4022 199 81283

21

€25.05

FALSE

nl801295

21

€22.54

FALSE

nl801295

5322 209 80036

c
c
c

21

€0.53

FALSE

nl801295

5322 360 50693

B

21

€36.73

FALSE

NL801295

4022 185 26233

c

28

€10.77

FALSE

NL801295

4022 199 81692

PLT

Repairable

Item Number

Table AS- 3: Item Parameters

Export the data to MS Excel by clicking the "Analyze It with Microsoft Excel" option
in MS Access. Copy the values of the worksheet into the "Item Parameters"
worksheet of the CS Materials planning Tool.
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Copy all the items of the "Demand History" worksheet to the "CS Materials Item
List" from cell A4 downwards. Press SHIFf+CTRL+Q to re-calculate the ROPs and
Order-Up-To-Levels (this will take about three hour).
Once finished update the "Planning Tool Results" table in MS Access by first deleting
the contents and then copying the re-calculated values from the planning tool into the
table.

8.5

Reports

8.5.1

Replenishment

On a daily basis after the files have been moved from the FfP server to the C:\ drive,
the query "Daily Replenishment" in the MS Access database must be run. A shortcut
of this report can be found in the "Controlled Inventory Management" group. It shows
the following information of all items of which the inventory position is below the
ROP:
• Item Number.
• Repair Status.
• ROP.
• s* (number of repairables that should at least be in the entire chain).
• Inventory Position (Projected QOH).
• QOH.
• Quantity on order.
• Backorder quantity.
• Order-up-to-level (S)
• Reorder quantity
• Forecast quality
• Responsible material planner.
• Supplier code.
• Supplier name.
The list is sorted by material planner and supplier code.
In table A8-4 a sam le of the list is shown:
Item Number

PLT

4022 268 00695

58

.

2

Not Reliable

Katerina

Planner

Su lier
NL96322L

14

4

Not Reliable

Katerina

NL96322L

4

4

Reliable

Katerina

NL84036(

0

87

81

Reliable

Katerina

NL82778S

0

2

2

Reliable

Katerina

NL77636C

ABC

ROP

s

Yes

c

3

5

2

2

0

0

4

II

17

10

6

4

0

0

0

0

0

6

6

0

0

0

0

5322 695 16206

58

Yes

A

4022 260 45265

70

No

b

4022 268 00678

56

No

c

109.06.0001

56

No

a

8

Table AS- 4: Item Parameters

The list shows a reorder recommendation (reorder quantity) per item based on the
algorithms used by the planning tool. The list must be printed. Based on human
judgment the material planner can take following actions:
• No action at all.
• Place a replenishment order with the supplier.
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•
•
•

Chase outstanding purchase orders with suppliers.
Chase returns of defective items from customers.
In case of unreliable forecast, delete exceptional demand, if any, from the
demand history in the planning tool, re-calculate the ROP and update the data
in the "Planning Tool Results" table in MS Access.

If the recommendation is not followed, a justification should be written on the list.
The list must be signed and archived.

8.5.2

Backorders

8.5.2.1

Backorders that can be shipped
On a daily basis the report "Backorder(s) that can be shipped" must be run by the
escalation officer. The output must be exported to MS Excel using the "Analyze It
with Microsoft Excel" option. A shortcut of this report can be found in the
"Controlled Inventory Management" group.
This report shows all the open backorders for items of which the quantity on hand is
more than zero.
The list must be reviewed on:
• Quantity on hand versus quantity on backorder: if the quantity on backorder is
higher than the quantity available, select the backorders to be shipped and ·
delete the others from the list.
• Strategic customers: normally backorders are shipped on a FCFS (first come,
first serve) basis, with the exception that strategic customers always come
first, so if the quantity on backorder is higher than the quantity available,
prioritize the backorders to be shipped.
• Critical items: if a backordered item is available of the shelve it does not
automatically mean that the backorder is shipped. If it concerns a critical item,
you may decide to not ship the item, or just a certain number of pieces, to keep
inventory available for strategic purposes.
After the report has been reviewed, it has to be passed on to the CS Helpdesk to be
processed.

8.5.2.2

Backorder Overview
On a weekly basis the report "Backorders" must be run by the escalation officer. The
output must be exported to MS Excel using the "Analyze It with Microsoft Excel"
option. A shortcut of this report can also be found in the "Controlled Inventory
Management" group.
This report shows all the open backorders with FEI Europe CS Logistics.
The columns N to S show only information that is valuable to the escalation officer
(QOH and supplier information) and have to be deleted.
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In MS Excel, in column M, the estimated times of arrival (ET A) that are empty or
past due have to be updated. Comments can be added in column N. The backorders,
which are shipped on the same day that the report is run, will be shown in the report
as well. Those backorders have to be deleted, as by the time that the report is
published, the customer will already have received the shipping details of his or her
orders.
The updated report has to be sent to CS BackOrder for publishing on FEI' s intranet.

8.5.3

Chasing Supplier and Suppliers' Performance

8.5.3.1

Top 10

With three suppliers on a (bi-) weekly basis a meeting is held to discuss the status of
the ten most critical items at that time.
To set up a list with the most critical items first the "Backorder Items" query in the
MS Access database must be run. A shortcut of this report can be found in the
"Support Queries" group. This list requires entering a supplier code and shows:
• All items that are on backorder.
• The description of the items.
• The ABC code of the items.
• The total quantity on backorder per item.
• The inventory position per item.
• The total quantity on hand per item.
• The total quantity on order per item.
It is sorted by ABC code and total quantity on backorder (descending).
In table A8-5 a sample of the report is shown:
I

Item Number

BackOider Items with su1mlier ******
ABC ~ Proj_QQH

DescriRtiOO

OOH TotaIQQQ

4022 268 00001 SFEG IMMERSION LENS con.. A

3

4

0

7

4022 268 00011
POLETIP/DEFL.SFEG
MK2 AS A
-

2

20
1

0

22

0

2
1

4022 268 00150 ACC.UNIT 200KV LAB6 CE
-

A

-

1

4022 268 00173 ACC-UNIT 300KV FEG SERVI A

I

0

0

4022 268 00334 STRATA STAGE

c

2

0

I

1

4022 268 00372 AIR INLET VALVE,24VDC +

B

I

3

1

3

Table AS- 5: Backorder Items

If the total quantity on order of a certain item is less than the total quantity on
backorder, corrective actions must be taken:
• Order new ones and/or
• Send defective items for repair and/or
• Chase defective items that have still not been returned.
If this list shows ten or more items with a quantity on order, the (first) ten items must
be sent to the supplier.
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If the list shows less than ten items, the query "Inventory Run out Time" must be run.
It shows the inventory run-out time of all items from a pre-selected supplier. It is
sorted by run-out time and forecast per month (descending).

In table A8-6 a sample of the report is shown:
PO
Number

Line

Due Date

Item Number

Description

P0104821

1

04-Feb-05

9432 061 07001

Set of 3 apertures, 200

P0104755

8

04-Feb-05

5322 530 50856

0 RING, RUBBER

4022 268 00561

MEASURINGSYSTEM
MICROE

ERSJ0590

2

14-Dec-04

QOO

QOH

Run-Out Time
(weeks)

Forecast per
month

40

1

0.11027249

38.86463436

100

1

0.402890834

10.6373728

14

1

1.090304736

3 .930735931

Table AS- 6: Inventory Run-Out Time

Starting with the first item in the "Inventory Run out Time" query items must be
added to the critical item list until it contains ten items.
This report is sent to the order desk of the regarding supplier for updates on the
delivery dates.

8.5.3.2

Past Due Orders
On a weekly basis the query "Open Past Due Purchase Order Lines with Run out
Time" must be run, a shortcut of this report can be found in the "Controlled Inventory
Management" group. This report must be exported to MS Excel using the "Analyze It
with Microsoft Excel" option. It shows all open purchase orders for items with a preselected maximum run-out time ..This report is sent to the order desk of the regarding
supplier for updates on the delivery date and/or to expedite the delivery of the orders.
In table A8-7 a sample of the report is shown:
PO
Number

Description

Quantity
On Order

Supplier
Item

Run-Out Time
(weeks)

Line

Due Date

Item Number

ERSJ0349

2

07-Sep-04

4022 268 004 JO

VIPER QUAD

5

2.728974592

ERSJ0557

2

02-Dec-04

4022 268 00410

VIPER QUAD

5

2.728974592

P0104686

1

14-Jan-05

4022 268 00305

MOTOR MAXON 20 W

6

6.780859889

ERS10038

3

21-Apr-04

4022 268 00377

ACER llOOOWORKSTATION

2

8.141352736

ERS10570

2

03-Dec-04

4022 268 00380

MOTHERBD M9LD02 SCSI2,

1

47.4617707

pol03940

2

29-Dec-04

4022 268 00363

SEIKO SEIKI KIT

1

56.17877881

Table AS- 7: Past Due Purchase Orders

8.5.3.3

Delivery Performance
Depending on the supplier's previous performance on a monthly or quarterly basis the
query "Vendor Rating: Average Performance" must be run. It can be found in the
"Support Queries" group. The report shows per supplier and item for a selected
previous period:
• Average requested LT.
• Average received LT.
• Average days too late.
• Total number of on time receipts.
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•
•

Total number of too early receipts.
Total number of too late receipts.

In table A8-8 a sample of the report is shown:
Item Number

Avg ReqLT

Avg Rct LT

Avg Days too
Late

5322 695 15865

93.5

86.6

-10.4

5322 695 15866

147 .2666667

128.6428571

-18.14285714

On time
Count

Too Early
Count
1

Too Late
Count
4

I

13

14

5322 695 15867

99.2

108.8

9.6

5322 695 15868

44.38888889

78.1875

30.125

3

5

5322 695 15872

35.03703704

100.6363636

65.5

3

5322 695 15873

21.25

134.5

134.5

I

2

21
I

Table AS- S: Vendor Rating

The output must be exported to MS Excel using the "Analyze It with Microsoft
Excel" option. It must be sent to the account management of the regarding supplier
and in case of an external supplier to the responsible senior buyer with FEI for the
regarding supplier.
It does not directly lead to more controlled inventory management, but shows the
supplier that its performance is measured, which often leads to more attention.

8.5.4

Fill Rate

Every week the fill rate needs to be calculated of the past week. In order to do this the
query "KPI - Central Fill Rate" has to be run. A shortcut of this query can be found in
the "Support Queries" group in the MS Access database.
The query requires to enter begin and end date of the period that is reviewed. In table
A8-9 a sample of the output is shown:

-

IKPi - Central Fill Rate

OfderDate Q!y Ordered Shio Date Q!y ShiQJ)ed Q!yOpen
Ofder
Order Line Item Number
1
ERM17626 1
4022 293 19131 03-Jan-05 1

ERM17626 2

4022 297 14421 03-Jan-05 1

ERM17677 1

5322 695 16206 03-Jan-05 1

03-Jan-05 1

ERM17678 1

4822 134 40167 03-Jan-05 100

03-Jan-05 100

ERM17678 2

5322 218 11842 03-Jan-05 5
4022 268 00469 03-Jan-05 1

03-Jan-05 5
03-Jan-05 1

ERM17679 1

1

Table AS- 9: Fill Rate MS Access Output

The output of the query has to be exported to MS Excel, using the "Analyze It with
Microsoft Excel" option in MS Access. Insert two columns to the right of column D
and enter the week number in column E and the month in column F.
In table A8- l 0 a sample of the output is shown:
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ERM17626

Order
Line
1

4022 293 19131

Order
Date
03-Jan-05

1

12005

Qty
Ordered
1

ERM17626

2

4022 297 14421

03-Jan-05

I

12005

1

Order

Item Number

Week

Month

Ship Date

Qty
Shinned

Qty
Ooen
I
I

ERM17677

1

5322 695 16206

03-Jan-05

I

12005

1

03-Jan-05

1

ERMl7678

1

4822 134 40167

03-Jan-05

I

12005

100

03-Jan-05

100

ERM17678

2

5322 218 11842

03-Jan-05

1

12005

5

03-Jan-05

5

ERM17679

1

4022 268 00469

03-Jan-05

I

12005

I

03-Jan-05

I

Table AS- 10: Fill Rate MS Excel Worksheet

Open the file "Fill Rate Calculation which is available on the L:\ drive (service drive).
Copy the data (except the first title row) into the "Fill Rate Raw Details" worksheet in
the "Fill Rate Calculation" file from the bottom of the existing data (so you will be
adding the lines to the worksheet). Copy the formulas in columns K to N to the added
lines.
Misses must be analyzed by the material planners on a weekly basis and divided into
four main categories:
• Misses on non defined spare parts. These misses should be ignored in the fill
rate calculation. After the third time within one year an order has been placed
for a non defined spare part, a spare part has to be defined for the regarding
item and/or this item has to be put on stock.
• Misses on spare parts with a ROP of zero. In this case the ROP has to be
reviewed (not re-calculated as that would lead to zero) and if necessary it has
to be increased by the material planner.
These misses are assigned to the material planners.
• Misses on spare parts with a ROP of higher than zero, but with no placed
purchase orders and/or placed purchase orders with a future due date. In this
case open purchase orders have to be chased and/or a new purchase order has
to be placed.
These misses are assigned to the material planners.
• Misses on spare parts with a ROP of higher than zero with placed purchase
orders that are past due. In this case the open purchase orders have to be
chased.
These misses are assigned to the supplier(s).
The reviewed lines, without the misses that can be ignored, have to be copied to the
"Reviewed Fill Rate Details" sheet in the "Fill Rate Calculation" file from the bottom
of the existing data (so you will be adding the lines to the worksheet). After that the
pivot tables in the first three sheets of the "Fill Rate Calculation" file have to be
refreshed.
Except for the analysis of the misses the fill rate calculation is done by the CS
Logistics Manager.
The analysis of the misses and the fill rate is reported to Customer Service
management.
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8.5.5

Inventory Turns

The "USAGE" file, available on the L:\ drive, shows the total COGS per month in the
"Monthly Totals" worksheet.
The total inventory is reported by FEI Corporate Finance.
The inventory tum is calculated by dividing the COGS per month by the average
inventory.
The calculation is done by the CS Logistics Manager.
The inventory turns are reported to Customer Service management.
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Abbreviations
ADI
APR
COGS

cs

EOPD
ETA
FH
FIB
FP
FPD
FSE
FSM
FTE
GIT
LT
MSE
OTS
PD
PLP
QOH
RMA
ROP
SEM
SIMS
SKU
SLA
SNP
SSD
TBS
TEM
TSG
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- Advance Demand Information
- Asian Pacific Region
- Cost of goods sold
- Customer Service
- Electron Optics Product Division
- Estimated time of arrival
- Forecasting Horizon
- Focused Ion-Beam System
- Forecasting Period
- FAB Product Division
- Field Service Engineer
- Field Service Manager
- Full Time Equivalent
- Goods In Transit (outstanding repair orders)
- Lead time
- Mean Square Error
- Order Tracking System
- Product Division
- Panalpina World Transport B.V.
- Quantity on hand
- Return Material Authorization
- Reorder point
- Scanning Electron Microscope
- Secondary Ion Mass Spectrometer
- Stock-Keeping Unit
- Service Level Agreement
- Stylus Nanoprofilemeters
- Sales and Service Division
- Time between stockout occasions
- Transmission Electron Microscope
- Technical Support Groups
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