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In this paper, a high performance spreadsheet simulation system called S3 is presented. Our approach is to
add power of parallel computing on Windows-based desktop grid into popular Excel models by using standard
Web Services and Service-Oriented Architecture. The complexity of parallelism can be hidden from users through a
well-deﬁned computation template. Our desktop grid is built from off-the-shelf ofﬁce PCs connected together using
a high-speed network. The experimental results show that the prototype system can deliver high performance.
We can obtain more than seven times speedup for some test applications on a 8-PC system. Moreover, the
implementation is highly scalable since 80–95% parallel computing efﬁciency can be maintained as the problem size
grows.
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Spreadsheet is a widely used computer application because
of its versatility and ease of use in calculation and modelling
a problem. Currently, spreadsheet becomes an important
tool for modelling, simulation, and problem solving. For
example, stochastic simulation on spreadsheet is applied to
many types of problems; such as, ﬁnancial risk analysis
(Paisittanand and Olson, 2006) and operational risk analysis
(Shariff et al, 2006). Luce et al (2005) implement their
product development model of a liquid packaging pump on
Microsoft Excel with Crystal Ball add-in (www.oracle.com/
crystalball) to simulate and determine optimal design
parameters (eg, stroke length or different motor options)
that minimizes unit production cost.
Many textbooks use Excel as a computational tool due
to its ease of use and ﬂexibility. For example, Ragsdale
(2004) and Stevenson and Ozgur (2007) are introduction to
operations research (OR); Myerson (2004) discusses about
decision analysis models; and Seila et al (2003) cover
spreadsheet
simulation
and
discrete-event
simulation (DES). Examples of DES models that can be built
on spreadsheets are simple queues, discrete-time Markov
chain models, regenerative processes, and inventory models
(see Chapter 4 of Seila et al, 2003 and Chapter 2 of Banks
et al, 2010 for more details). Spreadsheet simulation is also a

teaching aid on the subjects of supply chain management
(Adams et al, 2005), queues (de Mesquita and Hernandez,
2005), and decision analysis (Ståhl, 2005). See Seila (2006)
for a short tutorial on spreadsheet simulation.
Spreadsheet is also chosen as a user’s interface for
optimization modelling. Because of the availability of Excel’s
Solver add-in, modelling a linear or integer programming
problem on spreadsheet is familiar to many OR practitioners.
Moreover, Excel can be customized through user-deﬁned
Visual Basics for Application (VBA) macros or add-ins that
allow users to include their own functions. Many of these
spreadsheet-based models consider real-world problems:
Sakalli and Birgoren (2009) formulate a blending problem
for a brass casting plant. The objective is to determine the
optimal mix of raw materials (20–30 types) that minimizes
total cost and satisﬁes product speciﬁcations and required
quantity (70–80 constraints). Though this single-blend model
is not large, it is solved 20–30 times a day, whenever a brass
type is changed, and it is put into actual use. The larger multiblend model is also presented, but it is under development.
Cunha and Mutarelli (2007) determine the best policy for
producing and distributing weekly news magazines in Brazil.
Their mixed-integer linear model consists of over 10 000
decision variables (DVs) and 1000 constraints. It is formulated in Excel and then optimized with a Lindo’s product
called What’s Best! Similar to Cunha and Mutarelli (2007),
LeBlanc and Galbreth (2007) also discuss implementation
issues of building a large optimization model in Excel; a
provided example of a large model is a supply-chain system
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may or may not be successful. If it is successful, its revenue is
also random. Section 4.2 describes it in more details.
The novelty of our approach is how to seamlessly integrate
parallelism with simulation runs by providing a ‘template’ as a
guideline for quick development of spreadsheet simulation
models. In this paper, we consider two key design problems:
1. To design spreadsheet simulation infrastructure, which is
inexpensive and easy to maintain.
2. To design an Excel user’s interface in such a way that users
can slightly modify their existing models or build their
models without being aware of parallelism and infrastructure behind. The parallel computation should be hidden
from users as much as possible to make it user-friendly.
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We address the ﬁrst issue with a desktop grid that consists
of commodity PCs connected together using a high-speed
network. Grid computing focuses on large-scale resource
sharing. Grid architecture speciﬁes protocols that deﬁne ‘the
basic mechanisms by which users and resources negotiate,
establish, manage, and exploit sharing relationships’ (Foster
et al, 2001).
Desktop grid computing generally consists of clients,
workers, a manager, and servers. A client submits jobs that
are executed by workers. A manager is responsible for job
scheduling and resource management. Servers are used for
data storage. A well-known example of a desktop grid is
SETI@home, which is based on BOINC (Anderson, 2004).
Desktop grids are appealing for they allow intensive
computation to be performed at low cost. However, the
main challenge is stability and security. Given that our
desktop grid consists of PCs within the same organization,
the security issue may not be too prohibitive.
Since we target on a desktop grid of PCs, a parametric
approach is one way to harness the computing power in an
environment where network communication latency is high.
Although it is possible to utilize a non-parametric approach,
the performance attainable will not be as good, and the
scalability of the system may be unsatisfactory. In fact, a
ﬁne-grained parallelism inherent in a single spreadsheet
model is better solved using multicore processors or GPUs,
which involve only fast internal memory bus transfer. But
the system scalability in terms of the number of processors
and memory size may be limited by hardware constraints.
The partitioning of a single spreadsheet can be done by
employing the parallelism inside a single sheet. The basic idea
is to look into row and column parallelism and dependency,
similar to the single instruction, multiple data (SIMD)
computation. Typically, Excel evaluates formulas and displays the results as values in the cells that contain the
formulas (Ecklund, 2007). By default, Excel has ‘automatic
calculation’: it recalculates any cells that are dependent on
other cells whose values have been changed. Abramson et al
(2001) call it sequential calculation. This feature complicates
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with ‘39 000 rows and more than 50 megabytes in size’. Their
approach is to include VBA macros and to intelligently use
built-in Excel functions (eg, SUMIF) to make Excel models
more compact and to increase its functionalities.
When a problem size is large, computation power of
a single computer might not be enough; users may have to
wait for a few hours to see simulation results. Thus, accelerating computing speed for Excel in a transparent way is
beneﬁcial since it allows users to quickly ‘play’ with the problem and gain insights. One approach is to enhance Excel
using a parallel and distributed computing.
A recent survey on the future of DES reports that
although parallel and distributed simulation is promising, it
is still used only by specialists because simulation applications are difﬁcult to develop (Taylor and Robinson, 2006).
Boer et al (2009) present survey results on the use of distributed simulation in industry, speciﬁcally ﬁnding out why
industry outside defence (eg, vendors of commercial-off-theshelf simulation packages) does not use it although much
research has been done in the area. Some of the factors are
cost, the use of high-level architecture for integrating simulation models, and reusability of models.
In this paper, we build a spreadsheet simulation system
(S3) that is easy to use and computationally fast by utilizing
power of parallel computing on a Windows-based desktop
grid. The idea is to break a large simulation problem into
many small sub-problems that can be executed concurrently
on multiple computers. A middleware is developed to
control the distribution and execution of these sub-problems.
Microsoft Excel spreadsheet is enhanced with the VBA
macro to seamlessly use the newly developed parallel computing capability to speed up its execution of a large simulation
problem. When simulation runs are faster, analysts can
execute a simulation model under multiple sets of DVs, or
they may want to ﬁnd the best set of DVs for the system
of interest (the so-called optimization via simulation. See
Andradóttir, 2006 for an overview).
S3 is designed for spreadsheet-based models where some
input parameters are uncertain and/or DVs exist. In this
paper, we illustrate our approach via two test problems. The
ﬁrst linear programming model is taken from LeBlanc and
Galbreth (2007) where a chemical company, Applichem,
produces a chemical from many plants in different countries
for export and domestic markets. The overall costs at each
plant depend on exchange rates, which are uncertain, and
they can change the optimal export shipments. S3 samples
the exchange rates multiple times, and for each sample path
(realization), Excel’s Solver is invoked to ﬁnd the optimal
shipment. Information on variability of total cost can provide measures of risk involved. Section 4.1 explains the
problem in more details.
In the second example, we consider a project selection problem: The company wants to determine a subset of projects
to invest such that the ﬁrm’s expected proﬁt is maximized
(Ragsdale, 2004). Each project incurs an initial cost, and it
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2.1. Grid computing
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One of the early approaches in achieving more computing
power is to use the network of work-stations as a platform
for parallel computation. The middleware such as Parallel
Virtual Machine (PVM. Geist et al, 1994) can be used to link
together a number of workstations on the network. With an
Application Programming Interface (API) provided, a parallel program can be developed to utilize computing power of
workstations. This approach was subsequently standardized
by the MPI Forum, which issues a standard-based message
passing interface called MPI (Message Passing Interface
Forum, 2008). Currently, there are many implementations
of the MPI standard: Open-MPI (Graham et al, 2005),
MPICH (The CH comes from Chameleon which is the
portability layer. Gropp et al, 1999), and LAM (Local Area
Multicomputer. Squyres and Lumsdaine, 2003).
Besides workstations, it is also possible to link together a
number of PC systems, each of which may run on different
operating systems—Unix, Linux, or Windows—via highspeed networks to form a powerful parallel computing
platform. This alternative is increasingly appealing as PC
systems become more powerful, and commodity network
(eg, Fast Ethernet and Gigabit Ethernet) is ﬁnancially viable.
The NASA’s Beowulf Project (Sterling, 2001) is one of the
major pioneers of this idea. It successfully demonstrates that
a supercomputing-class machine can be built cost effectively
from Linux PC clusters and available parallel runtime
systems such as PVM and MPI. As a result, the Beowulf
cluster is a dominant platform in the Top 500 list of the most
powerful computing systems (Top500.org).
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In this section, we brieﬂy discuss recent developments of grid
computing (Section 2.1) and summarize works that speciﬁcally address the issues of achieving parallelism for Excel
(Section 2.2).

O

2. Related works

High Throughput Computing is another approach in
capitalizing computing power by using a batch job scheduler
to execute a large number of independent jobs on a highperformance computing system. Many schedulers are
designed to efﬁciently manage computing resources on
dedicated (ie, reserved for speciﬁc needs) and non-dedicated
networks of workstations and PC clusters; for example,
Condor (Litzkow et al, 1988), SGE (Gentzsch, 2001),
Torque (Cluster Resources Inc.), and LSF (Platform Computing). Fault handling, check points, restarts, and job
accounting are among the features generally supported.
These schedulers can accommodate a large number of jobs
and large batch job processing, common in scientiﬁc and
engineering computation. However, most of them lack the
necessary support on integration to modern softwares on
the client sites; thus, users may experience difﬁculty in
accessing available computing power.
As the speed of the Internet becomes higher, especially
for the wide area network in the research and education
community such as Internet2 (Stone, 2004), it becomes
possible to link geographically dispersed computing resources over the Internet and to use them in a coordinated
manner for computation and storage. Grid computing
technology (Foster et al, 2001) is based on this idea. The
Globus Toolkit (Foster and Kesselman, 1997) is a set of
open-source software tools that can be used to connect
multiple large-scale computing systems, clusters, and supercomputers together, over the wide area network. Many
projects at national and international levels use Globus or
the modiﬁed versions of the Globus Toolkit to build large
computational and data grids that can execute at a Teraﬂops
or Petaﬂops level; for example, TeraGrid in the United
States and Enabling Grid for E-ScienceE in the EU. These
server grids are designed to provide massive amount of
computational power to many users who run sizable science
and engineering applications. As a result, these grids are
generally large, complex, and required a team of system
administrators to ensure the grid’s high availability for users.
Conceptually similar to the grid computing is the Internetbased distributed computing technology based on desktop
computers, for example, SETI@Home, FightAIDS@home,
Folding@home, and World Community Grid by IBM.
These projects usually focus on solving one speciﬁc largescale problem such as discovering a cure for AIDS or
searching for signs of extraterrestrial intelligence. The computing infrastructure is based on harvesting idle cycles of
a massive number of PCs over the Internet. The application
task is divided into many small work units with different
data sets. Then they are farmed out to individual PCs that
are pre-installed with a client software. It is sometimes called
volunteered computing since each participating PC has to
volunteer their idle computing cycles to the project.
Because the volunteered computing utilizes a large
number of desktop PCs that are linked together in a gridlike manner, it is also one type of desktop grids. Many
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evaluation of multiple cells that have built-in formulas in
parallel.
As a result, the issue of hiding parallelism is resolved by
separating random inputs and simulation outputs so that
they are on separate Worksheets (A .xls ﬁle is an Excel
Workbook which consists of Worksheets). We have a Worksheet template where a user speciﬁes the number of inputs
and outputs and their respective cell locations. When simulation runs are ﬁnished, users get outputs of each replication
(if there is only one set of DVs) or sample means and standard errors of each set of DVs (ie, a parametric sweep) when
there are multiple set of DVs.
This paper is organized as follows: We summarize related
work in Section 2. We describe our system architecture in
Section 3. We present our experimental results in Section 4,
and we conclude with future research directions in Section 5.
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In order to use the desktop grids, users need to develop their
own programs using the API provided by the product and
then build server and client components for the application.
The application development may be challenging for some
users, and usability of the application may not be very high.
Although many projects integrate Excel as a front end to this
class of middleware (eg, ActiveSheets by Abramson et al,
2001), users still need to develop a program that will be
executed on client machines.
ActiveSheets is an application that allows parallel evaluation of spreadsheets. It requires custom functions for parallel
calculations that are done on backend computers. When the
computation is ﬁnished, the results are displayed on
spreadsheet. In Abramson et al (2001), the backend platform
is managed by EnFuzion (www.axceleon.com) on a high
performance computing system such as computer clusters or
grids. On the other hand, Abramson et al (2004) use
NetSolve (Agrawal et al, 2003) as a grid middleware.
Our S3 system also belongs to this class of computing
platform, but a different approach is taken. After the infrastructure is installed, users do not need to develop any application programs; all of the required calculations are deﬁned
by users on computation sheets. S3 uses the information that
a user has provided on the template to split the computation
sheet into small work units and send them to client machines
for computation. This helps lower the time to results since no
programming is required. Therefore, S3 can provide a simple
integrated solution from middleware to spreadsheet simulation; it allows an easy setup and execution of Excel-based
spreadsheet calculations for users.
In Mustafee and Taylor (2009), WinGrid is used for parallelising Excel-based calculations over a network of computational resources. In one of the case studies, WinGrid
enables Witness—a commercial simulation package—to
perform simulation replications in parallel on enterprise
grid (linking resources within the same organization, as
opposed to a public grid). In their work, users do not build

O

2.2. Spreadsheets and distributed computation

simulation models on Witness directly but specifying model
parameters through Excel. Simulation results are also
displayed on Excel.
Nadiminti et al (2004) introduce ExcelGrid, an opensource .NET plug-in that uses Excel as a front-end to a
grid and performs user-deﬁned calculations on it. Microsoft also offers a tool for creating Excel Services for
running a parametric sweep (ie, complete enumeration)
on an Excel 2007 Windows Compute Cluster Server
(CCS) 2003 (Microsoft Corp, 2008). Excel Services is
an architecture that allows Excel calculation on servers
and enables applications to access Excel ﬁles. However,
Excel Services and Windows CCS are not speciﬁcally
designed for stochastic simulation. Thus, without further
programming, users have no control over random number streams, and they have to implement their own algorithms for generating random variates.
Platform Symphony (www2.platform.com) is a commercial software designed to operate on enterprise grids. Platform introduces Adapter, which enables Excel calculations to
be run in parallel. Symphony’s Adapter is targeted for
ﬁnancial applications.
Widely used commercial Excel add-ins for stochastic
simulation also offer parallel versions: @Risk (www.palisade
.com) provides RiskAcceleratort, whereas Crystal Ball no
longer supports its Crystall Ball Turbot.
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middleware technologies have been developed for this
Internet-based distributed computing; for example, GridMP
(Univa UD), Xgrid (Apple), WinGrid (Mustafee and Taylor,
2009), BOINC (Anderson and Fedak, 2006), and Nimrod
(Abramson et al, 2000). These tools usually consist of
a server system and a large number of client machines. The
role of a server is to manage the overall system, to break
down a large data set and computation into multiple
small work units, and to handle some requests and faults
in the system. The client machines receive the data sets and
applications from the server and perform the computation
for users. Most of the clients only harvest idle time of
desktop PCs by waiting quietly in the system and perform
the computation when machines are idle for some period
of time.

3. Design and architecture
High performance parallel computing technology is not
widely adopted for a number of reasons. First, users have to
develop a complex parallel program for their simulation
algorithms. Second, most of the parallel program development environments do not work well with modern user’s
interface. Hence, users have to develop their own easy-to-use
user’s interface. Third, the integration of a parallel execution
environment, a parallel program, and user-interface components can be very challenging.
In order to address these issues, our approaches are as
follows:
1. We let users implement their simulation models on Excel.
Thus, the need to develop complex application code is
eliminated. All users have to do is to describe their
simulation model through Excel formulas and macros.
We develop a computational template for users to build
their simulation models in such a way that they can be
easily distributed over a desktop grid. Some examples are
provided as a proof of concept.
2. We model parallel computation using domain decomposition technique (Quinn, 2003), where a parallel application
is decomposed into many instances of applications that
execute the same computation code, but on a different
data set. Hence, Excel simulation models can be
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1. Deterministic models:
(a) with multiple set of inputs, for example, estimating
stock betas from historical prices;
(b) with lower and upper bound of discrete-valued
inputs, for example, sensitivity analysis for a linear
programming problem;
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2. Stochastic simulation models:
(a) with single set of DVs, for example, a transportation
problem where some cost coefﬁcients are not constant, such as the Applichem problem in Section 4.1;
(b) with lower and upper bound of discrete-valued DVs,
for example, estimating the cost of a (s, S) inventory
problem for every inspection level s and the order-upto level S in the range of possible values.

 Model performs calculations. If random variates are
required, they are generated from our VBA macro
rvg.xla. These random variate generation functions take
uniform(0, 1) random numbers on Worksheet SimRun as
arguments.
 SimRun is a template where users specify details about a
simulation model such as number of rows and columns
and their locations of uniform(0, 1) random numbers,
simulation outputs, and DVs (their respective lower
and upper bounds). SimRun also holds uniform (0, 1)
random numbers that Worksheet Model uses. The
RNG that our compute nodes return is Mersenne
Twister (‘mt19937’) where we adapt to C# from the
C code in the GNU Scientiﬁc Library (Galassi et al,
2006).
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One of the key components in the design is the computational template on the Excel format. The function of the
template is to assist users in deﬁning inputs, outputs, and
simulation models such that our middleware can extract this
information for computation. Our spreadsheet template is
designed for four types of problems:

O

3.1. Spreadsheet template

for brief summaries on RNGs and random variate generation, respectively).
Excel has a built-in RNG, called RAND( ), which is not
used in S3 for the following reasons: we do not know how
to control sequence of numbers that RAND( ) produces.
In addition, RAND( ) has some statistical deﬁciencies:
Knusel (2005) and McCullough and Wilson (2005) discuss
RAND( ) issues in Excel 2003. Therefore, we separate (0, 1)
uniform random numbers and Excel outputs from other
Excel calculations.
In order to allow S3 to understand the template and
extract correct information for parallel execution, we ﬁx the
names of the following two Worksheets:

C

efﬁciently distributed onto a desktop grid. In this work,
we emphasize on the development of a middleware
infrastructure that interfaces with Excel and distributes
the Excel sheets that users have developed to multiple
desktops on a desktop grid.
In the following sections, we explain the design and
implementation in more detail.
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Because Case 1 is a special case of Case 2, we only explain
our design for the simulation template. In S3 system,
simulation replications (ie., runs) of the same model yield
outputs that are independent and identically distributed
(iid); therefore, we achieve parallelism by assigning simulation replications that use a different set of random inputs to
each compute node. Once the calculations at all compute
nodes are completed, simulation outputs are then aggregated
and summarized, numerically via summary statistics, such as
sample means and standard errors, or graphically, through
Excel’s charting tools.
It can be shown that random numbers of any parametric
distributions can be transformed from uniform random
numbers over the range (0, 1) (see, for example, Banks et al,
2010 for proof). These standard uniform random variables
are generated from mathematical algorithms, the so-called
random number generators (RNGs). RNGs produce a very
long sequence of pseudo-random numbers, and RNG seeds
allow us to specify from which point in this sequence we get
our numbers; we obtain the same sequence of numbers if the
seeds are identical (see L’Ecuyer, 2006 and Devroye, 2006

Users can also execute simulation runs under multiple sets
of DVs by specifying the upper and lower bounds of each
DV in Worksheet SimRun (see Figure 1). Currently, we only
allow integer values with step size of 1. In the project
selection example (Section 4.2), our DVs are binary, that is,
to invest or not invest on each project. DVs are speciﬁed on
Worksheet SimRun, and they are used in Worksheet Model
for calculation.
Once the calculation is completed, results are displayed on
another Worksheet called Output (see Figure 2). For each
combination of DVs in the speciﬁed range, sample means
and standard errors are returned. (Standard error is a
measure of how close a sample mean is to the unknown true
mean. It is deﬁned as a sample standard deviation divided by
square root of the number of replications.)

3.2. Implementation of the S3 system
The S3 software architecture is shown in Figure 3. A desktop
grid is a basic fabric of the system. On top of the desktop
grid, our S3 middleware coordinates between the execution
of software components and application on the grid. This
software and Excel must be installed on every PC on the
grid. The real computation will take place on Excel.

J Pichitlamken et al—High performance spreadsheet simulation on a desktop grid 271

Screenshot of Worksheet SimRun.

Figure 2

Screenshot of Worksheet Output.
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Figure 1
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are always available for the Manager even if there
are other jobs running on them. We install a software
agent that manages each worker and interacts with the
Manager.
4. File Server stores data ﬁles that are created during job
execution. Users upload Excel ﬁles that contain their
simulation models onto this File Server from which
workers subsequently download. Once simulation is ﬁnished, users download Excel ﬁles that hold simulation
results from the File Server.

Figure 3

S3 architecture.

The S3 system consists of four components as shown in
Figure 4. The role of each group is described below:
1. User’s desktop allows users to upload Excel simulation
models and download Excel output ﬁles when jobs are
completed.
2. Manager is responsible for resource management (bookkeeping of workers’status), job management ( job submission, job scheduling, and job allocation), and data
management (managing data ﬁles).
3. Workers or compute nodes are PCs that execute Excel
calculations. Currently, we have dedicated workers which

We need File Server and Manager in the system because
we want to build a system that can perform complex control
over computational resources. By not relying on users’
computers, the system is more stable and predictable. The
existence of File Server eliminates the need for the users’
computers to manage complex communication sessions with
many workers.
All of the communications among components use .NET
Web Services and the FTP protocol. Our numerical
experiments show that even without a proprietary highperformance protocol, our proposed system can achieve
good performance. The .NET and Web Services standards
enable us to use modern programming environment such as
Microsoft Visual Studio for development, which becomes
faster and more reliable. In addition, our software comes
with an installer that makes it easy to install client agents on
any Windows-based PCs. Manager and File Server can be
merged into one if needed. Therefore, the system can be

S3 components.
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Figure 5

System conﬁguration.

installed quickly without the need to setup a dedicated computing facility for simulation.
During the execution S3, the following steps are executed
(the numbers below correspond to ones in Figure 5):
1. A user creates a simulation model in Excel, which has
our add-in that connects to Manager through Web
Services. Figure 6 shows the dialog box for job
submission. Job descriptions (such as a number of
replications, a number of workers, and a seed number)

are sent to Manager (1(a)) and the user’s Excel ﬁle is
sent to File Server (1(b)).
2. ‘Idle’ Workers (not currently running Manager’s jobs but
may be doing other jobs) periodically check with Manager to request jobs. If there are pending jobs, Manager
sends them to Workers.
3. A Worker downloads an Excel ﬁle according to what
Manager has assigned.
4. When a Worker completes his job, Worker uploads his
job onto File Server.

Figure 7

Dialog box when a user requests simulation runs.

O

effectiveness in which our desktop grid is utilized to solve
the problem. Due to communication overhead, efﬁciency
is between 0 and 1 (100%), where being closer to one is
desirable.
We describe problem setups in Sections 4.1–4.2, followed
by the result discussion in Section 4.3.
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5. Worker updates his status with Manager.
6. A user can check the status of his submitted jobs through
Manager (see Figure 7).
7. When the user’s job is completed, he downloads his Excel
ﬁle output from File Server. Figure 2 shows an example
of output display.

Dialog box when a user checks job status.
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Figure 6
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4. Experimental results
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The experiment is done on a system with 11 PCs. The user’s
system is an Intel Celeron 2.53 GHz system with 512 MB
RAM installing Windows XP. Both the Manager and File
Server systems are Intel Celeron 2.53 GHz with 512 MB
RAM installing Windows Server 2003. The rest of computing nodes are Intel Celeron 2.53 GHz system with 512 MB
RAM installing Windows XP. All machines are connected
using 100 Mbps Fast Ethernet switch. In this work, all the
softwares are developed with Visual Studio 2005 and Visual
Studio Tool for Ofﬁce. The Manager uses the ﬁrst-comeﬁrst-served algorithm for job assignments.
We vary the problem size and the number of workers
used. The performance measure is the run time used to
complete the simulation runs. Each experiment is repeated
three times to get an average run time. From run time
results, we compute speedup, which is deﬁned as a ratio
between sequential run time (run time on one worker)
and parallel run time on multiple workers. Speedup shows
how much faster the execution is when parallel computing
is used. In addition, the system overhead for parallel computing can be assessed through a ratio called efﬁciency.
The efﬁciency of parallel computation is a speedup ratio
divided by the number of workers. Efﬁciency indicates

4.1. Applichem problem
This test problem is taken from LeBlanc and Galbreth
(2007). Applichem produces a chemical from many plants
in different countries—Mexico, Canada, Venezuela,
Frankfurt (Germany), Gary (USA), and Japan—for
export and domestic markets. The DVs are shipment
amounts between each country pairs (B12:G17 in Figure 8)
so that all the demands (B20:G20) are satisﬁed, and that
the plant capacities (J12:J17) are not exceeded. The
objective is to minimize the total cost (J4), which depends
on the cost coefﬁcients between each country pairs
(B3:G8). The cost coefﬁcients in turn depend on the
foreign exchange rates (K24:K29), which are uncertain.
The realized exchange rates are assumed to be uniformly
distributed over the range [0.5*Original rate, 1.5*Original
rate]. In each simulation replication, all the exchange rates
are sampled, Excel’s Solver is called, and S3 collects total
costs. When S3 ﬁnishes, it reports the costs of all
replications. For experimental purposes, we vary the
problem size through the number of simulation replications for each set of DVs (100, 1000, and 10 000) using
different numbers of workers (1, 2, 4, and 8). Figures 9
and 10, and Table 1 show the run time, speedup, and the
efﬁciency results, respectively.

Applichem LP model.
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Figure 9 Run time for the Applichem problem when the
number of workers and the problem sizes vary.

4.2. Project selection problem
The company has choices of new projects to invest (Ragsdale,
2004). Each project is undertaken or not undertaken (0–1
DVs; C6:C17 in Figure 11), and it incurs an initial cost
(D6:D17). If a project is successful, its revenue is a triangular
distributed random variable with parameters as speciﬁed in
G6:I17. The goal is to determine the subset of projects to
invest such that the expected total proﬁt (K18) is maximized

Figure 10 Speedup for the Applichem problem when the
number of workers and the problem sizes vary.

while the investment budget ($80 500) is not exceeded. In
each simulation replication, the outcomes that chosen
projects are successful or not and its associated revenues
are sampled. S3 collects outputs on total proﬁts (revenue—
investment cost) and the outcome of making a loss. Because
there are 12 projects to consider, we have 212 ¼ 4096
scenarios. We vary the problem size through the number
of simulation replications for each scenario (16, 32, 64,
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5. Conclusion and future work
We propose an architecture that allows spreadsheet models
to utilize a desktop grid to accelerate the execution speed.
By employing readily available ofﬁce PCs, this infrastructure
can be built cost effectively. Our approach is novel in that
all computation, except for random number generation, is
done on Excel. Thus, no complex programming is required.
With S3, we show that the complexity of parallel computing can be mostly hidden from users through well-designed
computation templates on Excel. These templates give users
ﬂexibility in modelling a simulation problem while enjoying
massive computing power. From the experiments, we show
that runtime can be reduced sevenfolds with the 8-PC

R

 Figures 9 and 12 show that the run time decreases when
the number of processing nodes increases, as expected.
This is due to the distribution of the processing tasks to
multiple computing nodes simultaneously. However,
beneﬁts of adding workers increasingly diminishes, for
example, the run time decreases sharply when we include
the second worker, but not so much when the number of
workers increases from four to eight.
 Speedup increases at a faster rate when computing
workers are added (Figures 10 and 13). Maximum
speedup gained in this experiment is 7.3, which means
that the simulation experiment runs seven times faster for
the system of only eight computing nodes, that is, 1-h
calculation (if done on one PC) can be ﬁnished in only
9 min. Thus, for small to moderate problems, what-if
analysis or sensitivity analysis is possible.

PY

From the numerical experiments, we observe the following
characteristics:

O

4.3. Discussion of results

 Speedup for large problems is higher than for small
problems. In Figures 10 and 13, the simulation experiment
with the highest number of replications per scenario
consistently have the highest speedup for all numbers of
workers. When computing workload is large, the fraction
of computing overhead (eg, in load balancing, communication, ﬁle uploading, and downloading) to the computing workload is lower. Thus, our proposed system will
work even better for larger and more complex problems.
 Tables 1 and 2 show the efﬁciency of our desktop grid.
For a given problem size, the efﬁciency is high for a small
number of workers since communication cost is low. As
the number of workers increases, the communication
overhead increases as well. The efﬁciency is decreasing
accordingly, and at a higher rate. Thus, running a larger
simulation model is more efﬁcient because the ratio of
computation time to communication time is higher. We
can also see that our implementation is very efﬁcient since
we can still maintain efﬁciency of more than 90% with the
largest problem sizes of both test problems.

C

and 128) and the number of workers (1, 2, 4, and 8).
Figures 12 and 13, and Table 2 show the runtime, speedup,
and the efﬁciency results, respectively.

O

Table 1 Efﬁciency for the Applichem problem when the
number of workers and the problem sizes vary

1000

10 000

49%
30%
15%

96%
82%
63%

94%
99%
90%

U

100

A

2
4
8

Number of replications

TH

Number of
workers

Figure 11

Project Selection model.
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Figure 12 Run time for the project selection problem when the
number of workers and the problem sizes vary.

Our work can be enhanced in many ways. More templates
can be added for broader classes of problems. More
transparency can be built so that users are not aware of
the existence of Manager by adding automatic job submission into Excel. Load balancing and fault handling can also
be added to the S3 system by adopting the ‘task pool model’.
The execution of a number of spreadsheet instances can be
viewed as a pool of tasks being submitted to workers. For
the S3 system, faults can arise from many sources: workers, a
network, or processing delays that occur when worker nodes
or a network experience heavy-load conditions.
Faults can be handled in many ways: the manager may
be provided with a simple tracking list of jobs in a queue,
jobs being processed, and ﬁnished jobs. A timer can be set
such that after a pre-speciﬁed period of time has elapsed but
a job is not ﬁnished, it can be resubmitted to a different
worker. If a worker or the network is erroneous, the ﬁnal
result will still arrive from this recently released job. If
neither the worker nor the network is at fault, but merely
slowing down, it is possible that two solutions will be
returned to the manager. In this case, the ﬁrst arriving
solution will be saved, and the second one will be discarded.
Hence, the overall computation will run to completion
regardless of the network’s or worker’s faults.
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Figure 13 Speedup for the project selection problem when the
number of workers and the problem sizes vary.

Table 2 Efﬁciency for the project selection problem when the
number of workers and the problem sizes vary
Number of
workers
2
4
8

Number of replications
16

32

64

128

92%
93%
85%

99%
94%
91%

98%
96%
90%

98%
93%
92%

system. This speedup can make a huge difference in how
users analyse problems; with desktop grids, they are able to
consider many scenarios simultaneously or even to optimize
a sizable model, thus gaining more beneﬁt from their
modelling efforts.
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