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Abstract. The diffusion rate of Radio Frequency Identification (RFID) technol-
ogy in supply chains is lower than expected. The main reason is the doubtful
Return On Investment (ROI) mainly due to high tag prices. In this contribution,
we leverage a prototypical RFID implementation in the fashion industry, extend
this prototype by a discrete event simulation, and discuss the impact of an Elec-
tronic Product Code (EPC)-enabled supply chain concerning higher visibility.
Thereby, we illustrate the benefit of the EPC network for Supply Chain Event
Management (SCEM). Future researchers are provided with the simulation data
which is available online and can be investigated.
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1 Introduction

The idea of RFID in the fashion industry is to attach a unique identifier to articles to
be able to track them on their way in the supply chain. This results in higher visibility
and enables the supply chain partners to react in time, e. g., taking measures to deliver
a shipment in time even if there had been a delay in production [1].

Utilizing experiences of its prototypical RFID implementation with its distribution
centers and selected retail stores, the fashion company Gerry Weber recently pub-
lished a case study about how to obtain a positive ROI in RFID projects [2]. One
recommendation was to deploy reusable RFID transponders to reduce expenditures.
Since then, three developments have taken place: (a) major drop in RFID inlay prices;
(b) applicability of RFID as Electronic Article Surveillance (EAS), and (c) advance-
ments in the development of textile RFID labels.
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Given this new situation, Gerry Weber has to reconsider its RFID strategy. In the
former project, reusable RFID tags were used due to high tag prices. This is subject to
change because of the achievements in RFID technology. Furthermore, we present a
model of the potential structure of Gerry Weber’s future supply chain including a
global RFID deployment at all levels in the supply chain. To this end, we utilize the
progress made in the EPC network which includes all components to collect RFID
read events and share them with selected business partners [3, 4].

The remainder of this paper is organized as follows. In Section 2, we discuss re-
lated work and our research methodology. Section 3 describes Gerry Weber’s supply
chain how it is structured today. In Section 4, we discuss a projection of that supply
chain if the EPC network was used. Section 5 describes how we modeled, imple-
mented, and executed the supply chain presented in Section 4 in a simulation and
shows the simulation results. Section 6 addresses the calculation of benefits for the
utilization of the EPC network. Section 7 closes the paper with a conclusion.

2 Related Work and Methodology

In this section, we describe the related work about RFID, the EPC network, and
SCEM. Finally, we present our research methodology and research questions.

2.1 RFID and the EPC Network

In recent years, application of RFID received increasing attention among researchers
of information systems and operations management [5]. For instance, fields like RFID
in manufacturing, cost-benefit sharing, drivers of adoption, system architecture, or
integration in ERP systems have been addressed. Major aspects of RFID implementa-
tion especially for the apparel industry (requirements, business case, problem analysis
and expected benefits) have also been investigated [6].

Concerning supply chain visibility and RFID, a comprehensive analysis was ac-
complished by Dittmann, who determined the appropriate level of visibility for supply
chain networks from a normative, strategic and operational perspective [7]. Meyda-
noglu provided conceptual work regarding the use of RFID systems as data source for
SCEM systems [8].

2.2 SCEM

SCEM can be characterized as an approach to achieve inter-organizational visibility
over logistical processes enabling companies to detect critical exceptions in their
supply chains in time. Thus, measures against those “events” can be taken proactively
before they endanger given business plans [9].

Most authors agree on the perception that SCEM encompasses five core function-
alities: monitor, notify, simulate, control, and measure [9, 10]. Especially for the two
functions “monitor” and “measure”, we see great usefulness by adopting RFID and
the EPC network. The first one observes the supply chain for the occurrence of criti-
cal events (i. e., major delays or disturbances) by evaluating any incoming data. The
latter one bridges the gap between SCEM and Supply Chain Management (SCM) by
analyzing all data generated by the other four functionalities, i. e., number of events,
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locality/ time of their occurrence, costs effects, and chosen action alternatives. This
way, companies are able to identify certain patterns related to the causes of events in
order to optimize their supply chain structures.

2.3 Methodology and Research Questions

Until now, no quantitative research about the consequences of RFID/ EPC utilization
for a supply chain of the apparel/ fashion industry exists. As described by Miiller et
al., realistic test data is necessary to analyze information systems precisely [11].

For our research, we want to generate data about which events occur at which time
in which place in a fashion supply chain. To this end, simulation is the appropriate
methodology because it permits the evaluation of the complete supply chain prior to
its implementation [12]. In the area of simulation, Discrete Event Simulation (DES) is
widely used and well-established for supply chain simulations [13]. In DES, the ac-
tivities in a system are represented as a chronological sequence of events [13]. Each
event has a timestamp indicating the time when it occurs. Once the simulated time
reaches this , the event is triggered, e. g. something is produced, shipped, etc.

As the simulation of an EPC network employment requires comprehensive data,
this research method will be applied in combination with a case study [14].

Before conducting the investigation, the following research questions are set up:

- RQ;: What is the event frequency at different points of a fashion industry
supply chain and how huge is the data volume if utilizing the EPC network?

- RQs: Does the EPC network fit as data source for the monitoring and meas-
uring task of SCEM systems?

- RQ;: How can the benefit of an edge on information through utilizing the
EPC network in combination with SCEM systems be determined?

Our data sources are semi-structured interviews with seven fashion companies, desk re-
search (press releases, annual reports, company web sites, etc.) and — as one of the authors
is employed by Gerry Weber — data and information (such as quantity structures, packing
instructions, average lead time tables, order data, etc.) directly from Gerry Weber.

3 Fashion Industry Case Study: Gerry Weber

With its three brands (GERRY WEBER, TAIFUN and SAMOON by GERRY WE-
BER along with several sub labels) the Gerry Weber group achieved a sales volume
of about € 570 Mio. (circa $ 800 Mio.) in the fiscal year 2007/2008 [15]. The German
fashion company, which was founded in 1973, currently has 2,350 employees and
follows a strategy of becoming increasingly vertically integrated. To this end, the
company successively enlarges the number of its own retail stores.

Worldwide, the Gerry Weber group cooperates with around 200 manufacturers,
several forwarders and logistics service providers, more than 1,470 shop-in-shops (ca.
1,160 in Germany) and over 300 retail stores. The suppliers are located in three major
procurement markets: Far East, Turkey and Eastern Europe. After production, the
garments are transported (either by sea, air, or road) to one of the European distribu-
tion centers (separated according to hanging/ lying garments). Most of the shipments
in Far East and Turkey are consolidated in a cross docking center. After goods receipt
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in a distribution center, all garments are checked for quality, conditioned, and trans-
ported to the retailers.

The company decided to evaluate the potentials of RFID to ease managing this
complexity. Thus, RFID infrastructure was installed in all six distribution centers and
four retail stores by March 2009. Initial experiences showed that RFID indeed is
beneficial for Gerry Weber, especially regarding savings of time and costs. Currently,
the company considers switching from reusable tags to one-way labels. One major
advantage of using one-way tags is that those would be encoded with a Serialized
Global Trade Item Number (SGTIN) [4]. In contrast to that, the reusable RFID tags
had a persistent serial code that was associated with the product it was attached to.

4 EPC Network

The EPC network is one step towards the “Internet of things”. In this section, we will
first describe the general EPC network architecture, then present the EPC network
architecture for Gerry Weber, and finally discuss how a SCEM system based on the
EPC network can be implemented.

4.1 General EPC Network Architecture

The EPC network is a set of standards and consists of a layered architecture [4]. A
precondition is that an Electronic Product Code (EPC) uniquely identifies all items in
the EPC network [4]. This includes articles, cartons, and containers. The data flow in
the EPC network in a nutshell is depicted in Figure 1. Once an item is in the range of
a RFID read point, a reader recognizes the unique identifier of the item and the cur-
rent time. Together with the location of the read point, this data is sent to a middle-
ware. The middleware enriches the data with a business step, i. e., “goods produced”,
“goods issue”, or “goods receipt” [4]. After that, the data is sent to a repository im-
plementing the EPC Information Services (EPCIS) standard [16]. Each company
operates at least one EPCIS repository and stores all read events, which occurred in
this particular company.
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Obviously, each company has to enforce access rights to secure its information. A
situation might happen where the interested party does not have the complete infor-
mation where an item has been in the supply chain and therefore it is unknown which
EPCIS repository to query. For this situation, a Discovery Service acts as an interme-
diary service to retrieve all the involved parties [17]. The Discovery Service is still
subject to research due to the expected data volume, privacy aspects, security aspects,
and other challenges in the design of Discovery Services [17].

4.2 Gerry Weber EPC Network Architecture

In this section, we describe how Gerry Weber’s supply chain may be structured in the
future. To this end, we assume that each participant in the supply chain is equipped
with the necessary RFID infrastructure. Furthermore, Gerry Weber has access to the
EPCIS repositories operated by its partners.

After production, an article is observed for the first time. Once the article is packed
into a carton, a second read event is triggered to indicate which article is stored in
which carton. The carton then is brought to the cross docking facility. This results in a
read event at goods issue at the supplier and a read event at goods receipt at the cross
docking facility. The carton then is loaded onto a container. This, again, results in a
read event to determine that the carton is on this particular container. When the con-
tainer leaves the cross docking facility, it is recognized by a reader and a read event is
stored in the cross docking owners EPCIS repository. Subsequently, the container
arrives at a distribution center and is recognized by a reader again. Once the carton is
unloaded another read event is stored in the distribution centers’ EPCIS repository.
Finally, the carton leaves the distribution center which, again, is stored in the distribu-
tion centers EPCIS repository. Finally the article reaches a retailer and causes a read
event at goods receipt. Then, there might be several read events at the retailer before
the RFID tag maybe is deactivated.

Gerry Weber places subscriptions at each partner in the supply chain regarding all
garments produced for Gerry Weber. Thus, each and every read event is forwarded to
the read event repository of Gerry Weber and can be processed by its SCEM system.

4.3 Discussion of a SCEM System Based on the EPC Network

Applying the EPC network as data source for a SCEM system offers the opportunity to
get reliable and fine-granular data even at the beginning of the supply chain. At present,
the supply chains of the fashion industry before goods receiving at the distribution cen-
ters is not adequately transparent as the only source of information consists of manually
transmitted data via e-mail, fax, or web-based platforms. However, having available
multiple read points with the manufacturer and cross docking centers at which all pass-
ing garments can be detected, it is appropriate to concatenate the captured EPCs with
context information data (such as Purchase Orders or Advanced Shipping Notices),
whereby deviations can be discovered in real-time. Thus, all supply chain partners can
be alerted if significant variations are observed which offers the opportunity to readjust
scheduled processes in order to satisfy the customers in delivering the items in the right
quantity at the right time to the right destination in the right condition.

To give an indication of the potential benefit of this edge on information: research
findings from the accomplished case study showed that a bigger part of merchandise
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is produced in Far East and mostly transported by sea [2]. Assuming to be informed
about all delayed orders, the process owner can switch to air transport and reduce
lead-time by more than 20 days.

Not only the detection of critical supply chain incidents (“monitor”) can be im-
proved by adopting the EPC network, but also the optimization of the supply chain by
recognizing certain patterns or systematic weak points, e. g. (“measure”). The latter
one can be achieved by analyzing all incoming EPCIS messages, which provide in-
formation about time, place, and business context of detected Stock Keeping Units
(SKU). In this way, for instance, a company is able to discover who or what causes
delays, which offers the opportunity to eliminate or attenuate interfering factors (traf-
fic jams at certain ports, poor performing suppliers or forwarders, etc.) in the medium
or long term.

5 Simulation of Gerry Weber’s RFID-Enabled Supply Chain

We now simulate the implementation of the RFID and EPC network enabled supply
chain of Gerry Weber to foresee the impact of the RFID introduction at the producers
and consolidation centers. In this section, we describe the information included in the
simulation implementation considerations, as well as the resulting simulation model
including its parameters and results.

5.1 Base Data

The data for our simulation is based on two sources: results from a case study with
seven fashion companies (Galeria Kaufhof, Gardeur, Gerry Weber, Maerz Muenchen,
René Lezard, Seidensticker and Van laack) and — in more detail — data directly from
Gerry Weber. As the first RFID read point is with the supplier and as an edge on
information is more advantageous the earlier an event has been detected, we decided
to display examples of events and countermeasures (see Table 1) only for the supply
chain sections production and transport.

Table 1. Examples of Events and Counteractions

Typical event (E) Countermeasure Probability
Production E;: Delay through capacity | Alteration of transportation | 2.00 %
constraint due to other customer | mode
orders or machine break-down
E;: Sudden employee leave/ | Relocation of production 0.25 %
strike
E;: Force majeure (thunder- | Situational reaction 0.25 %
storm, earthquake, power
outage, €. g.)
E4: Too late arrival of fabrics/ | Prioritize production 5.00 %
trimmings
Transport Es: Strike (forwarder, sea-/ | Switch to alternative forwarder/ | 1.00 %
airport staff) sea-/ airport
E¢: Missing customs documents | Notify agency 1.50 %
E7: Lost of maritime container/ | None 0.05 %
ship foundering
Es: Traffic jam None 1.50 %
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5.2 Implementation Considerations

For the implementation of the DES, we use Rockwell Arena 12.0, which is a standard
product for DES [18]. We extend the standard capabilities of Arena to be able to
simulate an RFID-enabled supply chain [18]. For this purpose, we implement a RFID
tagging module, a RFID reader module, an aggregation module, and a disaggregation
module. For detailed information, we refer to [11].

5.3 DES Model of the Fashion Supply Chain

Using the capabilities of Arena and our implemented modules, we model the Gerry
Weber supply chain, as it would look like if complete adoption of RFID in the supply
chain took place. Reflecting the large data set, which is created by our simulation, we
limit the simulation to 1/10th of the size of Gerry Weber’s supply chain.

Simulation Parameters and Assumptions. We assume an annual production of
2,500,000 garments (57 % laying, 43 % hanging), which are produced by 20 equally
large producers. Our model includes two cross docking facilities (one in Far East and
one in Turkey). The number of distribution centers in Europe is 6. We assume that
there are 178 retailers.

Sea transport accounts for 77 % of the total production in Far East. The rest is
transported via air transport. Transportation from Far East takes place in containers.
In Turkey, the garments are transported to the cross docking facility via small trucks
and then are reloaded to large trucks. The producers in Eastern Europe directly trans-
port the garments to the European distribution centers using small trucks. Then, the
garments are transported to the retailers using large trucks.

The air transport from cross docking to the distribution centers takes 5 days. Sea
transport takes 30 days in average (Gaussian Distribution (GD), Standard Deviation
(SD) of 0.5 days). The transportation from the cross docking facilities in Turkey and
the producers in Eastern Europe to the distribution centers also takes 5 days in aver-
age (GD, SD of 0.2 days). The handling, warehousing and distribution to the retailers
takes 10 days in average (GD, SD of 2 days). Between time of arrival at the retailers
and time of sale, 40 days of time elapse in average (GD, SD of 8 days).

For the aggregation and disaggregation, the capacity of cartons etc. is important.
We assume that 40 items of lying garments fit into a carton. One small truck has the
capacity for 125 cartons of laying garments or 40 bars of hanging garments respec-
tively. We assume that a large truck has the same capacity as a container. 4,200 hang-
ing garments and 250 cartons of laying garments fit into a large truck/ container.

In Table 1, we presented the probabilities of events. All these events result in de-
lays. In our model, the unit always is hours. These delays are modeled using a trian-
gular distribution, which is presented in the form of three numbers, e. g., {10, 20, 30}.
That means that the probability of a lower than 10-hour delay or a higher than 30-hour
delay is zero. The highest probability is a 20-hour delay. The delays of events E; — E,
(production) are {3, 120, 336}. A strike or missing customs documents (Es¢) causes a
delay of {48, 96, 144}. If a container is lost (E;), it is deleted from the system and
never occurs again. The transportation delays caused by traffic jams (Eg), i. e., all
ground transportation in our model, are {6, 12, 24}.
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Simulation Results. Table 2 shows read events and data volume that occurred in the
simulation. We assume that Gerry Weber subscribed to all read events at all supply
chain partner’s EPCIS repositories. Thus, each EPCIS event (1,257 Bytes in size [16])
is pushed into the EPCIS repository of Gerry Weber. The SCEM system is uses this
repository as data source. Table 2 also lists the number of read events indicating
delays, which give insights that may improve supply chain transparency.

The simulation results and the analysis of key figures, resulting read events, and
data volume answer our research question RQ;. The raw data of the simulation is
available online at http://epic.hpi.uni-potsdam.de/Home/SOCLOGO09Simul.

5.4 Simulation Implications

As it can be derived from the simulation results of Gerry Weber’s supply chain, the
EPC network indeed can contribute to a significantly enhanced supply chain visibil-
ity. In comparison to the current situation, all 1,229,522 item-level delays are moni-
tored by the system. Since EPCIS inherently answers the what, when, why, and where
of read events, it allows for various statistical analysis. Hence, research question RQ,
can be affirmed: the fine granular and in real-time available data through the EPC
network are highly appropriate as data source for the monitoring and measuring func-
tion of SCEM systems.

Table 2. Read Events and Resulting Data Volume

Data Read Events
. All Read . .
Id Key Figure Events Volume Indicating
(in GB) Delays

1 Total number 13,303,720 15.57 1,229,522
2 Read events at producers 5,118,817 5.99 373,751
3 in Far East 2,816,304 3.30 204,841
4 in Turkey 1,023,981 1.20 75,004
5 in Eastern Europe 1,278,532 1.50 93,906
6 Read events at cross docking 1,712,091 2.00 151,243
7 in Far East 1,252,366 1.47 109,148
8 in Turkey 459,725 0.54 42,095
9 Read events at distribution centers 2,148,807 2.52 205,030
10 Read events at retailers 4,324,005 5.06 499,498

6 Calculation of Benefits

For practitioners, profitability of investments in RFID/ EPC network is of high inter-
est. However, determining the benefits of an edge on information is always company-
specific. It especially depends on the kind of events the company has to struggle with
as well as on the availability of counteractions in the case of an early knowledge of
critical supply chain incidents.

As for the determination of the benefits, we suggest the decision-maker proceeding
as follows: identify all critical potential events in the supply chain, prioritize them
(according to their potential impact, probability of occurrence, and probability of de-
tection, e. g.) and inquire the measures to be taken in each case. Afterwards, it is to be
distinguished between situations that help a company because appropriate measures
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can be taken and those where an edge on information would make no difference (lost
of a maritime container, e. g., see “E;” in Table 1).

An event that was named by all fashion companies in the course of our prior case
study research is a delay at the manufacturer (see “E,” in Table 1). Here, an early
knowledge would be indeed beneficial as altering the transportation mode is an ap-
propriate countermeasure in order to meet the delivery date.

For a fashion company, a delay in production has multiple negative impacts which
can be taken into account for the business case: loss in sales (as a fashion line only
sells well if all of its combinable trousers, blazers, shirts, skirts, accessories, etc. are
available on the sales floor), costs for subsequent deliveries, and contract penalties for
delivery date exceeding, e. g.. On the basis of those considerations, we suggest a for-
mula that can be applied to estimate the benefit out of an early detection of “E;”:

B(E1)= (a=P)eaene [(po Y)+cs+c, —CT]
The symbols are defined as follows:

B(E;) early detection benefit using the example of event E;

o approx. part of events able to be detected through EPC network utilization
B approx. part of events able to be detected by hitherto means

a part of units where counteractions can be applied to compensate the delay
n total number of delayed units with the manufacturer’s site p. a.

p average price per unit

y approx. loss in sales due to incomplete fashion lines

Cs costs for subsequent deliveries
cp costs for contract penalties
cr costs to compensate the delay

Due to competitive reasons, we are not able to use genuine data (prices, costs, etc.) to
illustrate the calculation. Nevertheless, we present realistic assumptions.

For our example we presume that a company is able to detect around 90 % of all
supply chain events by conventional technologies like telephone or e-mail and that by
utilization of the EPC network it is expected to increase that by 9 %. We assume that
the company has the opportunity to switch from standard to express transport mode
(for instance, from sea to air transport) in seven out of ten cases. The annual number
of produced garments is the same as applied in our simulation: 2,497,599.

For lost sales and contract penalty it is necessary to set an average price for a unit,
which for our cause is 50 $. In the case of an incomplete fashion line we assume a
loss in sales of 5 %. In our scenario, a retailer is permitted to request a discount of
10 % relating to the price. As for the expenses for a subsequent delivery, we assume
additional costs of 2 $ per unit for all additional administrative, handling and trans-
portation processes.

As a rule of thumb, costs for air transport exceed those for carriage by sea by a
factor of 5. Nevertheless, cargo rates always vary due to the fluctuating demand and
supply ratio or oil prices. As a simplification, we assume the same price difference for
all other transport mode alterations. The savings resulting from the utilization of the
EPC network in combination with SCEM systems can be determined as follows:

B(E,)=(99% —90%) » 70% 99,525 » [(50$ ® 5%)+2$ +(50$ ® 10%) —0.80% | = 54,549.65%
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Although this sample calculation for the case of E; alone marks considerable potential
savings, it is to be reminded that our calculation encompasses only three exemplary
benefits for one sole type of event and that it is based on a 10 times smaller volume as
it is the case in reality. Though, fulfillment of target processes in the supply chain is
jeopardized by a multitude of potential events. Hence, we see a much higher return
when all of a company’s most critical events are considered. As for RQs;, we illus-
trated a way how the benefits of an early detection of critical supply chain events can
be determined.

7 Conclusion

In this contribution, we presented a simulation based on results from a case study with
seven fashion companies and data directly from Gerry Weber. We designed the EPC
network for future fashion industry supply chains and, based on this, developed a
simulation model in the factor of 1:10. The simulation results were presented in detail
and they are available online for future researchers and their investigations.

References

1. Melski, A., Miiller, J., Zeier, A., Schumann, M.: Assessing the Effects of Enhanced Supply
Chain Visibility through RFID. In: 14th Americas Conference on Information Systems,
Toronto, Canada (2008)

2. Goebel, C., Troger, R., Tribowski, C., Giinther, O., Nickerl, R.: RFID in the Supply Chain:
How To Obtain A Positive ROI, The Case of Gerry Weber. In: International Conference
on Enterprise Information Systems, Milan (2009)

3. Thiesse, F., Floerkemeier, C., Harrison, M., Michahelles, F., Roduner, C.: Technology,
Standards, and Real-World Deployments of the EPC Network. IEEE Internet Comput-
ing 13(2), 3643 (2009)

4. EPCglobal Inc.: The EPCglobal Architecture Framework. version 1.3 (2009)

5. Ngai, E., Moon, N., Riggins, F., Yi, C.: RFID Research: An Academic Literature Review
(1995-2005) and Future Research Directions. Int. Journal of Production Economics (2008)

6. GS1 Germany et al.: Supply Chain Management in the European Textile Industry. Techni-
cal reports (2007)

7. Dittmann, L.: Der angemessene Grad an Visibilitit in Logistik-Netzwerken. Die
Auswirkungen von RFID. Deutscher Universitits-Verlag, Wiesbaden (2006)

8. Meydanoglu, E.: RFID-Systeme als Datenlieferant von SCEM-Systemen. PPS-
Management (13), 41-44 (2008)

9. Heusler, K., Stoelzle, W., Bachmann, H.: Supply Chain Event Management. Grundlagen,
Funktionen und potenzielle Akteure. WiSt (1), 19 (2006)

10. Jjioui, R., Emmerich, H., Ceyp, M., Diercks, W.: Auf Uberraschungen vorbereitet. Trans-
parenz durch Supply Chain Event Management. REFA-Nachrichten (2) (2007)

11. Miiller, J., Poepke, C., Urbat, M., Zeier, A., Plattner, H.: A Simulation of the Pharmaceuti-
cal Supply Chain to Provide Realistic Test Data. In: 2009 International Conference on Ad-
vances in System Simulation, Porto, Portugal (2009)

12. Chang, Y., Makatsoris, H.: Supply Chain Modeling Using Simulation. International Jour-
nal of Simulation 2(1), 24-30 (2001)



13.
14.
15.

16.
17.

18.

Gain in Transparency versus Investment in the EPC Network 155

Fujimoto, R.M.: Parallel Discrete Event Simulation. In: 21st Conference on Winter Simu-
lation, pp. 19-28. ACM, New York (1989)

Yin, R.: Case Study Research. Design and Methods. Applied Social Research Method Se-
ries. Sage Publications, Beverly Hills (1984)

Weber, G.: Annual Report 2007/2008 (2008)

EPCglobal Inc.: EPC Information Services (EPCIS). version 1.0.1 (2007)

Miiller, J., Oberst, J., Wehrmeyer, S., Witt, J., Zeier, A.: An Aggregating Discovery Ser-
vice for the EPCglobal Network. In: Proceedings of the 43th Hawai’i International Confer-
ence on System Sciences (HICSS), Koloa, Hawaii, USA (2010)

Kelton, W.D., Sadowski, R.P., Sturrock, D.T.: Simulation with Arena, 4th edn. (2006)



	Gain in Transparency versus Investment in the EPC Network – Analysis and Results of a Discrete Event Simulation Based on a Case Study in the Fashion Industry
	Introduction
	Related Work and Methodology
	RFID and the EPC Network
	SCEM
	Methodology and Research Questions

	Fashion Industry Case Study: Gerry Weber
	EPC Network
	General EPC Network Architecture
	Gerry Weber EPC Network Architecture
	Discussion of a SCEM System Based on the EPC Network

	Simulation of Gerry Weber’s RFID-Enabled Supply Chain
	Base Data
	Implementation Considerations
	DES Model of the Fashion Supply Chain
	Simulation Implications

	Calculation of Benefits
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




