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Easy Simulation on Spreadsheets

without Add-ins

John T. Simon, College of Commerce and Economics,
Sultan Qaboos University, Sultanate of Oman

Simulation is one of the popular tools
used in production and operations
management. Although large simulation
projects need code written in a program-
ming language (often a simulation lan-
guage such as Simscript or SIMAN), it is
feasible now to use spreadsheets for simu-
lation of some of the smaller systems.

Most of the simulation done on
spreadsheets make use of add-in software
such as @Risk (from Palisade Corporation)
or Crystal Ball (from Decioneering, Inc.).
Inventory models, waiting lines, financial
models with risk, PERT networks, etc., are
all problems that can be simulated using
spreadsheets with add-ins (see Winston,
1996). This is particularly appealing to busi-
ness students who are reasonably familiar
with spreadsheets.

While teaching operations manage-
ment, management science, and simulation
courses, | introduce my students to simu-
lation using spreadsheets (specifically, us-
ing Microsoft Excel version 5.0 for
Windows). They seem to like it since it
builds on something they already know
(instead of having to learn a new language),
and spreadsheet modeling allows them to
understand how simulation works.

Fortunately, Microsoft Excel version 5
and later versions have a number of func-
tions and capabilities built in so that many
simulations can be carried out without any
add-ins. This is helpful because almost all
students and professionals have access to
spreadsheets (such as Microsoft Excel), and
one need not incur the extra expense (and
the trouble of network installation) of ad-
ditional software. What follows is a brief
description of how | teach simulation on
spreadsheets without the use of add-ins.
The add-ins do add more functionality and
ease of use; so this is not a case against
them. Rather, this gives you a choice to do

simulations without an add-in, obviously
with some loss of functionality and ease of
use.

Features Provided by Add-ins

From my perspective, the add-ins prima-
rily allow us to:

1. Change any cell of the spreadsheet
into a random variable.

2. Store the values of chosen cells (the
“result”) obtained from each of the
repeated calculations of the spread-
sheet.

3. Present the results in a useful
(graphical) format.

For example, consider the following
simple model:

profit = revenue — cost.

This can be implemented on the
spreadsheet by using specific values for
revenue and cost, say 100 and 80, respec-
tively, by typing the entries in the corre-
sponding cells as shown in Table 1.

The cell A3 will yield the profit, 20 in
this case.

Now let us introduce randomness in
the above model, by assuming that the rev-
enue and cost are independent random
variables. Suppose that we would like to
find the distribution of profit, given that
revenue is normally distributed with mean
100, standard deviation 10, and cost is nor-

cell entry

Al 100

A2 80

A3 =Al-A2
Table 1
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mally distributed with mean 80, standard
deviation 5. Using @Risk, we could (follow-
ing the three features outlined above):

la. Make the cell Al to have a value
sampled from a normal population
with mean 100 and standard
deviation 10.

1b. Make the cell A2 to have a value
sampled from a normal population
with mean 80 and standard devia-
tion 5, and

1c. (As before) make the cell A3 to have
the formula “=A1 - A2”.

2. Repeatedly recalculate the spread-
sheet, say 100 times, and store the
values obtained from the ‘result’ cell
(A3) during each recalculation.

3. Obtain a graphical representation of
the distribution of the values stored.

This is the basic procedure for most spread-
sheet simulations, although the models
would be more sophisticated.

How to Survive without
Add-ins

How can we perform the three features
mentioned above without the use of an
add-in software? With some familiarity of
charts or histograms in Microsoft Excel, the
feature (3) mentioned above is quite
straightforward if the results of the re-
peated simulations are available. Unfortu-
nately there is no mechanism to store the
values of a cell during repeated recalcula-
tions of the spreadsheet: they are rewritten
each time the spreadsheet is recalculated
(say by pressing the function key F9 in Ex-
cel), and the only result available is the re-
sult of the last recalculation. Thus feature
(2) is a problem. I will show later how this
can be resolved.

Feature (1) is solved in part by
Microsoft Excel’s uniform random number
generator function “RAND()” and also by
the availability of statistical functions in
Excel (such as beta, binomial, chi-squared,
exponential, F, gamma, lognormal, normal,
Poisson, t). The function “RAND()” returns
a uniformly distributed random variable
between 0 and 1. By multiplying it by a con-
stant or adding a constant, and using the
“integer” function “INT()”, we can obtain
discrete and continuous uniform random

variables in any range. To get other ran-
dom variables, we could use the standard
‘inverse cumulative distribution function’
approach. For example, to geta normal ran-
dom variable with mean 100 and standard
deviation 10, we may use the Microsoft Ex-
cel function “NORMINV(RAND(),100,10).”
The procedure is equally straight forward
for other continuous random variables
mentioned above since their ‘inverse cumu-
lative distribution functions’ are available
in Excel (for exponential random variable,
we could use “-LN(RAND())/MU” where
mu is the rate). For discrete random vari-
ables, a ‘table look up’ is necessary.

To implement the above model, type
the entries in the corresponding cells as
shown in Table 2.

cell entry

Al = NORMINV(RAND( ),100,10)
A2 = NORMINV(RAND( ),80,5)
A3 =Al-A2

Table 2

Now, each recalculation (by repeatedly
pressing the function key F9) of the spread-
sheet gives us one simulated value of profit.

Thus the main remaining difficulty is
in storing the intermediate values of the
“result” (the value in cell A3) during recal-
culations of the spreadsheet. An easy solu-
tion is to do all calculations on one sheet—
for example, in the above problem, copy
the range A1:A3 to several columns to the
right, say B through J, to get ten values of
profit. Now the values in the range A3:J3
are the different values of the profit that
we are seeking.

Such an approach will not suita larger
model or a large number of replications.
Hence, | prepared the following macro
named “Recorder” for my students. (To
create this macro, use ‘Insert | Macro >
Module’ menu command in Microsoft Ex-
cel version 5, or ‘Tools | Macro > Visual
Basic Editor’ and then ‘Insert | Module’ in
version 7, and type the following in the new
module. After creating the macro, in ver-
sion 7, get back to Excel using ‘File | Close
and Return to Microsoft Excel’.)

Sub Recorder()
For iteration = 1 To 100
Calculate
Selection.Copy
Sheets(“Sheet2”).Select
ActiveCell.Offset(1, 0).
Range(“Al”).Select
Selection.PasteSpecial Paste :=
xIValues
Sheets(“Sheet1”).Select
ActiveCell.Select
Application.CutCopyMode = False
Next iteration

End Sub

{Note: In the sixth line of the subprogram,
the last word is x’el’Values, not x’one’
Values.}

How does it work? | am assuming that
the model is in “Sheetl”, and “Sheet2” is
available for recording the “results.” Open
Sheet2 and click on any cell below which
you want the results to be stored. Then go
to Sheetl, and click on the cell that contains
the “result” (A3 in our example). Now run
the macro (in version 5, open the menu
‘Tools | Macro’, select and run “Recorder”;
in version 7, open the menu ‘Tools | Macro
> Macros’, select and run “Recorder”). The
workbook will be recalculated 100 times,
and for each recalculation, the “result” in
Sheetl will be recorded in a column in
Sheet2. Once the simulation stops, we have
all the values stored in Sheet2 to be used in
any analysis we like; for example, we could
draw its histogram.

By modifying the above macro, we can
change the number of iterations to any
value; the “result” could be a range instead
of a single cell; different sheets (i.e., other
than Sheetl and Sheet2) can be used for
model and results, etc. If we don’t need the
actual values stored but only need the av-
erage, the macro can be simplified to keep-
ing track of the sum and count instead of
recording all values.

With the above approach | am able to
guide my students through a number of
simulation models (such as the ones men-
tioned in Winston, 1996). An added attrac-
tion is that there is no ‘black box’;
everything is quite plain to understand.
Furthermore, all the data generated dur-
ing the simulation are available for any
further analysis, which is not usually the
case with add-ins. But on slower machines,

Decision Line, March 1998



the execution time may be a factor in favor
of add-ins, since the macros are not
compiled—while running the macro, one
can actually see the computer screen
change between the model sheet and the
data record sheet for each iteration of the
simulation. And finally, there is the distrac-
tion that some of the students get interested
in writing macros—but then they are on
their own! =
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Teaching Management Science
with Spreadsheets

1998 Summer Workshop
June 27 - 30

Amos Tuck School of Business Administration

Dartmouth College
Hanover, NH U.S.A.

e Learn to teach optimization, simu-
lation, and other management sci-
ence skills effectively using
spreadsheets.

e Learn to teach modeling skills in
spreadsheets

e Learn to use spreadsheets effec-
tively in the classroom

e Interact with a resident faculty of
expert spreadsheet modelers

e Exchange knowledge and experi-
ence with peers who are teaching
with spreadsheets

e Use Web technology to share ma-
terials and experience during and
after the workshop

Sponsored by:
Decision Sciences Institute

INFORMS
IFORS

Participating faculty
include:
Don Plane

Wayne Winston
Cliff Ragsdale
Sam Savage
Peter Bell
Jim Evans

Registration Deadline:
May 15, 1998

Cost (meals and dormitory lodging
included):

$695 (before May 15, 1998)
$795 (after May 15, 1998)

For more information visit our web
site at:
www.dartmouth.edu/tuck/tmss

Or send e-mail to:
Patricia.E.Galluzzo@dartmouth.edu
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