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Using Excel to Demonstrate
Random Numbers
by Rick Hesse, Feature Editor, and Russ Laher,
Jet California Institute of Technology

Spreadsheet Program for
Estimating Pi
The spreadsheet in Figure 3 shows the ini-
tial trials to determine if the two random
numbers (X,Y) are within the circle.

B4: = RAND()     C4: = RAND()    D4:   =
(B4-0.5)^2+(C4-0.5)^2     E4: = (D4<= 0.25)*1
through row 103. The expression in E4 is
multiplied by 1 so that it becomes numeric
instead of a logic result.

For this set of 100 trials, there were
just 70 successes out of 100, and thus an
estimate of 4(70/100) = 2.800 in F4. A data
table is setup to the right of these trials in
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One of the interesting things about
teaching in a fully employed MBA
program is the broad range of

backgrounds of the students in the pro-
gram. It is not unusual to find PhDs in
chemistry, biology, and physics in the Los
Angeles area. Such is the case with my co-
author, Russ Laher of CalTech, with his PhD
in physics. After taking my statistics and
management science classes, which require
the use of Excel, Russ has become profi-
cient in Excel and verified several programs
he had written in Perl for the Space Infra-
red Telescope Facility, which was success-
fully launched on August 25, 2003, and is
now sending back images from space. As a
sidenote, when I was demonstrating
Monte Carlo simulation in Excel, Russ
wrote a Perl program to simulate the pro-
portion of the area of a circle inscribed
within a unit square. Perl is an interpretive,
freeware software originated by Larry
Walls and supported by thousands of vol-
unteers. Russ and I then wrote the routine
in Excel that is described below.

Estimating Pi
To illustrate how uniform random num-
bers can be used in a Monte Carlo simula-
tion in Excel, let us use RAND() to estimate
the value of p. Figure 1 shows a circle with
a diameter of 1 (radius of 0.50) within a
unit square (1 X 1). The area of the square
is obviously 1.000 and the area of the circle
is πr2 or π/4.

Now if we select two uniform random
numbers, it would be a point somewhere
in the square, and perhaps in the circle. To
determine if it is in the circle, we subtract
0.5 from each random number, square
these differences and if the result is < 0.25,
it is in the circle. By multiplying this prob-
ability by 4, we can get an estimate of π, as
shown in Figure 2 from the spreadsheet.
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Figure 1: Circle within square.

Circle area = π*(0.5)2

π*r2 0.785398

Square area = 4*(0.5)2

2r*2r = 4r2 1.00000

Circle/Square = π/4
4*Circle = π 3.1415927

Figure 2: Mathematics of estimating πππππ.
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columns H and I. The formulas for the esti-
mate and the top of the One-way data table
are shown in Figure 4. The average of the
100 replications of 100 trials (10,000 in all)
of 3.1736 (F6) is much closer than the single
run (although occasionally a single run
might be 3.1400). The maximum value
computed with a run of 100 was 3.6400 and
the minimum 2.6800, which is quite a wide
range of values.

The One-way data (H3:I103) “fools”
Excel into running our simulation 100 times
by putting the numbers 16100 in cell H3
(which does nothing except basically run
the simulation). Cell I4 points to cell F4 and
the Data Table range is H3:I103.

F4: =4*AVERAGE(E4:E103)   F5: -(PI()-
F4)/PI()   F6: =AVERAGE(I4:I103)  F7: =-
(PI()-F6)/PI()   F8: =PI()

Every time <F9> is pressed, the whole
worksheet is recalculated with 10,000 trials
(100 runs of 100) which illustrate the varia-
tion found in using “only” 1,000 trials to
determine π.

Speed, Accuracy and Number
of Trials
For the spreadsheet simulation of 10,000
trials, there is an accuracy of only 2 decimal
places guaranteed (cell F9). The standard
deviation of the replication average (F6)
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1 0.236816 0.985968 0.30543 0 2.8000  Run 
2 0.402937 0.452807 0.011648 1 -10.8732%  Run error
3 0.229659 0.694131 0.110771 1 3.1736  Rep 
4 0.271163 0.304736 0.090495 1 1.0188%  Rep error

5 0.018731 0.168063 0.341802 0 3.1415927  

Figure 3: Spreadsheet trials for πππππ.

can be derived theoretically by assuming a
Poisson distribution (which is appropriate
for counting experiments): σ =1/     . Using
Crystal Ball or @ Risk with this spreadsheet
would speed up the process, but it would
become computational intensive very
quickly to gain accuracy. Thus, to achieve
accuracy to six digits (3.14159), you would
need 1.0E+12 iterations, which on a 2.0 gi-
gahertz PC would take about 110 days in
Perl and “only” 3.2 days to compute using
C. Anyway, for compute-intensive work
like this, Perl should not, in general, be used. 
Instead, the best performance can be ob-

Figure 4: One-way data table for replications.
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8 Replications 2.8000 
2.8000  Run 1 3.1200 

-10.8732%  Run error 2 3.0400 
3.1736  Rep 3 3.0800 
1.0188%  Rep error 4 3.2000 
3.1415927 8− 5 3.6000 
0.0100  Accuracy 6 3.0800 
3.6400  Max Value 7 3.3200 
2.6800  Min Value 8 3.3600 

97 3.2800 
98 3.4000 
99 3.0800 
100 2.9600 
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See CLASSROOM, page 18
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ing rooms, track and session chairs,
scheduling, generation of preliminary
and final programs).

The new CIS is currently in the require-
ments gathering and design phase.

Service to members: Once completed, the CIS
would serve as a portal to the annual meet-
ing—a consistent Web address, a system to
create personalized conference schedules, and
more!

How Does DSI Measure up?
DSI has advanced immensely technologi-
cally over the last two years. DSI members
now enjoy the same level of technology-
assisted services as many other technically
advanced communities such as ACM and
AIS. Services such as online membership
directory, online secure conference regis-
tration, online paper submission and re-
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view has placed DSI technically at par with
these other organizations. In fact, some of
the services that DSI members enjoy are
highly innovative and not available in many
other organizations. These services include
online placement services and the ability
to provide preferences to help schedule the
conference sessions. Once the new CIS is
completed, DSI should be one of the pre-
mier technically advanced organizations.

Summary
The projects mentioned here are only some
of the advances in information technology
in DSI. Recent developments in the Deci-
sion Sciences Institute have shown the com-
mitment of the Institute to keep up with
the challenges of the growing IT commu-
nity, and certainly newer projects will be
undertaken in the immediate future to
strengthen the IT infrastructure of DSI. ■

expanded to include more representation
from outside the U.S.

Second, I would ask the Institute to
consider expanding its objectives to not
only disseminating new knowledge
through its journals and conferences, but
also to sponsor the discovery of new
knowledge through large, global research
initiatives. For example, many in the U.S.
are discussing the continued “hollowing”
of U.S. manufacturing, especially as com-
panies continue to move or develop new
manufacturing in China and software de-
velopment in India, for example. Perhaps,
if we took a global view of this phenom-
enon, we might see more advantages than
disadvantages. (Again, I am asking the
question, not suggesting the answer.) Pos-
sibly, DSI could take a leading role by spon-
soring research activities in areas such as
this. At the very least, it could consider spon-
soring such activities and/or providing
linkages between interested faculty and
businesses who might be interested in such
a pursuit. I am certain that the member-
ship, if surveyed and listened to, could come
up with many more ways that DSI could
“Build and Sustain a Stronger International
Presence and Acceptance.”  ■

Rick Hesse
Pepperdine University
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   and Management
Malibu, CA 90265
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tained by writing the code in C or Fortran
and compiling it with “optimization”
turned on. Attached as extra files with this
article on the Web site are codes Russ wrote
for Perl and C.

Conclusion
The whole purpose of this Excel simulation
exercise is to show students how much
variation exists with even a simple simula-
tion, and that it takes a long time for the
Law of Averages to be effective. This
spreadsheet can be changed to expand the
number of runs and also the number of
replications to demonstrate the error in
even a large number of trials and the varia-
tion inherent in Monte Carlo simulation.
Crystal Ball or @Risk could also be used
with the spreadsheet to show how many
trials are needed to make the estimate of pi
more accurate. ■
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