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Abstract

This paper presents an example supply chain application of
simulation based decision support. Specifically, the paper
focuses on contract costing in electronics contract manu-
facturing where a study of current practices showed that
costing methods used do not capture the cost implications of
operational contract stipulations. Discrete event simulation
is proposed as a means of supporting more in-depth costing
and risk analysis. However, as simulation requires specific
expertise not typically available in companies there is need
to embed simulation in an application that is easy to use and
maintain. A web-based simulation application for contract
costing in outsourcing enterprises is presented. The example
presented demonstrates the advantages of web-based sim-
ulation applications and highlights the need for improved
development environments in this area.

1 INTRODUCTION

Outsourcing is a widely practiced business model used in
a range of business sectors including electronics, pharma-
ceuticals, and medical devices. For example, in a recent
on-line report, Friedlos (2007) notes that the total value of
outsourcing deals during the first quarter of 2007 increased
in Europe by 67% to 7.7bn euros compared to the same
period in 2006.

The process of inviting vendors to bid for business
has become known as the Request For Quotation (RFQ)
process. Having decided to outsource a business process
(in this study a manufacturing function), a company will
issue an RFQ (a document containing a clear description of
the work to be completed and outlining all other customer
requirements) to each of the contract manufacturers (CMs)
deemed relevant to the work. These RFQs often contain
elements that directly affect the operational aspects of pro-
viding the product/service. However, it can be extremely
difficult for a CM to determine their affect on product cost
and these aspects are often entirely overlooked. If CM com-

panies are to gain a true understanding of the contracts they
enter into, they must adopt a more system wide approach to
costing their outsourcing projects. Achieving this requires
cost analysis tools of greater sophistication than currently
available, so that all elements of the RFQ can be considered.

The outline of the paper is as follows. The next section
presents a simulation model developed using a Commercial
of the Shelf Software (COTS) simulation tool that allows a
CM to cost a contract. Section 3 presents justification for
a web simulation based decision support tool for contract
costing. Section 4 describes an architecture for a web-
based simulation tool for contract costing. Finally, section 5
concludes briefly with the needs for future development in the
area of web-based simulation decision support applications.

2 SIMULATION SUPPORT FOR CONTRACT
COSTING

The purpose of this section is to highlight the role that
simulation can play to support decision making for CM in
contract costing. Focusing on the electronics sector, eight
companies were analyzed to understand their requirements
for modeling support in the outsourcing contracting process
(Liston, Byrne, and Heavey 2008). The companies were
selected from across the supply chain spectrum. They
included two OEMs, one first tier CM, two second tier
CMs, one 3PL and two 4PLs.

One finding of the study was that based on the CMs
reviewed, the scope of current cost calculations is limited to
material, labor, and overhead. Average demand figures are
used to cost the activities conducted within the “4 walls” of
their manufacturing facility. By focusing on the cost incurred
inside the “4 walls” of the factory, further costs influenced
by the design of a supply chain, are neglected (see Figure
1). These costs are not explicitly accounted for in submitted
quotations and pose additional risk for those agreeing to
the outsourcing contracts. The involved companies were
found to be aware of these factors but unable to quantify
the monetary implications as the complexity involved would
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Figure 1: Costs and constraints in supply chain

require sophisticated methods of analysis and a significant
amount of time and resources. To overcome these defi-
ciencies in costing outsourcing contracts simulation models
combined with activity based costing have been developed
and evaluated (Liston, Byrne, and Heavey 2007).

A flexible simulation model for use by the CM was
developed using Plant simulation. To facilitate the repeated
use of this model, an external database is used to store
information for contract scenarios. The model can be used
to analyze the cost implications of aspects of the supply
chain, for example, EM demand variability and seasonality,
service levels agreed between the the CM and the OEM
and the CM and its supplier, inventory policies, lead times,
flexibility clauses specified in the contract. To illustrate
Figure 2 demonstrates the trade-off in cost and service level
for different levels of finished goods buffer held by the CM.
The feedback from industry on demonstration of the tool
was that there is a requirement for this type of analysis.
However, the lack of expertise in the companies, the poor
integration of simulation with their current processes and
the cost of the simulation software were highlighted as the
main impediments in deploying simulation based Decision
Support System (DSS) in this domain.

3 REQUIREMENTS FOR SIMULATION BASED
DSS

Based on both the information gathered during the field
study and modeling work described in section 2, the primary
requirements for the application are that:

• Ability to calculate “4 walls” costs. The tool should
have the ability to replicate the current method of
costing currently applied by companies of calculat-
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Figure 2: Illustrative results from the contract costing sim-
ulation model

ing material, labour, overhead and tailored costs,
and allow for a percentage/margin to be added on
in relation to other costs.

• Supply chain experimentation and analysis capabil-
ity. The tool should model the cost drivers involved
in the supply chain such as the effect of demand
and capacity, and give the ability to analyze cost
trade-offs such as different inventory policies. This
would give the buyer greater trust in the supplier’s
RFQ response.
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• Ability to cost contracts with uncertainty. The
tool should provide a method of analyzing cost
drivers that vary unpredictably over time, such as
demand volumes and changes to this demand as
permitted by contract revision terms. The static
spreadsheet analysis currently in place can only deal
with deterministic cost drivers, and cost analysts
include additional margins to cover the financial
consequences of this uncertainty by relying on
experience.

There are three distinct sources of input information for
the simulation based application. The primary users, and
envisaged owners, of the tool are RFQ respondents; this
grouping will be responsible for entering the manufacturing
details such as setup and processing times, storage and
administrative costs, and shift schedules. They will also
configure the outsourcing scenario within the application
and execute the analysis. The OEMs will provide necessary
data such as contract constraints and forecasted demand,
while the suppliers will provide material cost, lead time,
and purchasing constraint information.

The first high level decision in the design process
concerned whether the tool should be developed as a web
or desktop based application. After exploring the advantages
of both options, it was decided to develop as a web based
application for the following reasons.

• The nature of the users of the tool: When costing
a contract, information is needed from suppliers
of components for a product. Making the tool
web based gives the CM and potential suppliers
the ability to log into the tool and input their
information in a standardized format.

• Familiarity of the interface: The Internet provides
a familiar interface for both interacting with and
controlling a simulation.

• Licence and deployment models. The tool can be
deployed locally, in an intranet setting or over the
internet. The possibility exists to tailor the GUI
allowing the use of the application on any device
with a relevant web browser installed. Web-based
simulation allows new business models for the use
of simulation services, such as software as a service
(SaaS).

• Cross-platform capability. The web allows
for the ability to run an application on any
web browser on any operating system with-
out compiling, (Veith, Kobza, and Koelling 1999,
Guru, Savory, and Williams 2000). This capabil-
ity relieves the application developer from having
to worry about a client’s configuration.

• Controlled access. Access can be controlled to a
web-based simulation application through the use

of passwords, and limited time-span access can
be allocated, (Veith, Kobza, and Koelling 1999).
Users who need access to specific or limited areas
of an application can be given access merely by
being added to a password list, instead of having
their client machines updated.

• Wide availability. A web-based simulation appli-
cation can be used from anywhere in the world with
an Internet connection and outside of normal busi-
ness hours without having to transport hardware
or software, (Veith, Kobza, and Koelling 1999,
Graupner, Richter, and Sihn 2002).

• Versioning, customization and maintenance. In
using a web based system, maintenance is min-
imized, (Guru, Savory, and Williams 2000). All
modifications can be made through the server, en-
abling frequent modifications, customizations and
updates to be made and instantly distributed to the
application, reducing error potential and eliminat-
ing virtually all on-site maintenance.

• Integration and interoperability. A web based
tool can integrate and inter-operate with both
existing and future web based applications,
as well as web enabled desktop applications,
(Guru, Savory, and Williams 2000).

4 CONTRACT COSTING SIMULATION BASED
APPLICATION

Figure 3 shows the architecture used for simulation based
application. Being web based, the application itself resides
on an application server and is accessed by users through a
graphical user interface (GUI) displayed in a web browser.
The application can be subdivided into three distinct logical
tiers, namely a presentation tier, a processing tier and a
data tier. Various technologies have been used across these
tiers in the development of the application as illustrated in
Figure 3. These include Adobe Flash 8, ASP.NET 2.0, C#
2.0, eM-Plant 7.5.1, COM, SQL Server 2005, ADO.NET
2.0, and ODBC.

The presentation tier is responsible for creating, display-
ing and updating the GUI for the application, and interfaces
directly with the business logic tier in the processing tier.
The processing tier is the core of the system and links to the
presentation tier and the data tier. There are three parts to
this tier, which are the business logic tier, the data access tier
and the simulation engine. The business logic tier controls
the simulation engine, takes data from the user interface,
manipulates it if necessary and sends it to the data access tier
(and vice versa), and integrates with external applications.
The data access tier acts as an interface to the database
in the data tier, sending and retrieving information. The
data tier comprises of the simulation model and application
database. All data used by the simulation engine in ma-
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Figure 3: Architecture Used for Simulation Based Contract Costing Application

nipulating the simulation model is read from the database,
giving database-driven simulation. When the user interacts
with the graphical user interface, the data generated is sent
to the database and the simulation engine is instructed to
read this data by the application business logic layer thereby
updating the structure of the model. No data is sent directly
from the business logic tier to the simulation engine.

5 CONCLUSIONS

This paper presented an example simulation decision based
application. It was found to be beneficial to develop the
tool as a web based application rather than a desktop based
application due to the nature of the users of the tool, the
ability to control access to the tool, the wide availability of
the tool to users, the advantages in versioning, customization
and maintenance, increased integration and interoperability,
familiarity of the interface to users and cross-platform ca-
pability. While noting that there are disadvantages to web
based simulation, such as, loss in speed, the limitations of
the interface and security vulnerability, it is felt that web
based applications provide, in many domains, an idea av-
enue to deliver simulation decision support. While COTS
simulation tools can be deployed in web based application,
as shown here, there is a need for web based develop-
ment environment specifically targeted at simulation based
applications that allow quicker and easier deployment of
these applications. Research is also required to see how

simulation can take advantage of new technologies such as
service computing.

REFERENCES

Friedlos, D. 2007. Europe bucks outsourcing trend
- 26 apr 2007 - computing. Available via
<http://www.computing.co.uk/computing
news/2188567/europe-bucks-outsourcing
-trend>. Accessed February 13, 2009.

Graupner, T., H. Richter, and W. Sihn. 2002. Configuration,
simulation and animation of manufacturing systems via
the internet. In Proceedings of the 34nd conference on
Winter simulation, Volume 1, 825–831 vol.1. San Diego
California.

Guru, A., P. Savory, and R. Williams. 2000. Web-based sim-
ulation management: a web-based interface for storing
and executing simulation models. In Proceedings of
the 32nd conference on Winter simulation, 1810–1814.
Orlando, Florida: Society for Computer Simulation
International.

Liston, P., P. Byrne, and C. Heavey. 2008. Supply chain
management and knowledge management - integrating
critical perspectives in theory and practice, Chapter
Supply Chain Design In An Outsourcing World. Pal-
grave Macmillan.

Liston, P., P. J. Byrne, and C. Heavey. 2007. An evaluation of
simulation to support contract costing. Comput. Oper.
Res. 34 (12): 3652–3665.

Page 42 



Heavey, Byrne, Liston, and Byrne

Veith, T. L., J. E. Kobza, and C. P. Koelling. 1999. Net-
sim: Java-based simulation for the world wide web.
Computers and Operations Research 26 (6): 607–621.

AUTHOR BIOGRAPHIES

CATHAL HEAVEY is co-director of the Enterprise
Research Centre, University of Limerick. His e-mail
address is <cathal.heavey@ul.ie>.

JAMES BYRNE is postdoctorate researcher in the
Enterprise Research Centre, University of Limerick. His
e-mail address is <james.byrne@ul.ie>.

PAUL LISTON is postdoctorate researcher in the Enter-
prise Research Centre, University of Limerick. His e-mail
address is <paul.liston@ul.ie>.

PJ BYRNE is a lecturer in the Business School,
Dublin City University. His e-mail address is
<peter.byrne@dcu.ie>.

Page 43 


