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Random Distribution Functions

The RiskAMP Add includes more than 40 nalom distribution functions. The parameters or

arguments to these functions differ depending on the distribution and its requirements, but they

generally adhere to standard statisticnventionsp ¢tKAAd aSoOtAz2y 62y Qi I RRN
individual §a ONRA LJGA2y & INB @At otS Ay GKS Ylydzft Fy
required parameters.
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Random distribution functions are included to provide source values for running a Monte Carlo

simulation, but they are incidental to the simulationeits Any Excel cell can be analyzed following a
simulation, and any random value functig@d dzOK | & 9nEaBd®in fdrction dak belused
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Normal and Lognormal

The most commonly used distributions are the normal and lognormal. The RiskAMP function for the
normal distribution NormalValue, takes parameters for the mean and standard deviation of the
distribution.

The basic lognormal functiobognormalValue, represents the standard lognormal distributign
that is, e*N(x) where N(x) represents a normal distribution with a given mean and standard
deviation. The parameters to this function represent the underlying nornséifilolition, and not
the mean and standard deviation of the generated lognormal curve.

The addin includes an additional functioScaledLognormalValue, to sample from a lognormal
distribution with a given mean and standard dation.

The beta-PERT Distribution

The betaPERT distribution is a special fquarameter version of the beta distribution, used to
model expert data given most likely, minimum, and maximum likelihood values. This distritsut
commonly used in project time and cost estimatiorhePertValue function takes these values as
parameters, and returns a sample from the generated HRERT distributionThe optional fourth
parameter, the lambda value, repredsrthe peakedness of the generated distribution, similar to
kurtosis.

Spreadsheet Selection Functions

Several functions can be used to select values from ranges of cells. There are two functions for
sampling uniformly from a spreadsheet ranghoiceValue samples from a range with replacement,
andUniformRangeSample samples from a range without replacement (although replacement will
occur if the number of samples exceeds the range size). An additiontibfunc
WeightedChoiceValue, takes a range of choices and a range of weights, which affect the likelihood
of selecting a particular cell value.

Page3



Multivariate Distributions

The RiskAMP Add inclules several functions for sampling from multivariate distributions. The
simplest function i€orrelatedNormalValue, which generates a single normatlistributed value

which is correlated with another normaltjistributed valie. The function takes as an argument the
coefficient of correlation, and generates a random value such that the two values, over the course
of a simulation, will exhibit the given correlation.

Forcrosscorrelated values, thMultiNormalValue generates a set of normalljistributed values,
using a matrix to represent internal correlation among the sample values. This function takes
arguments including the correlation matrix; the range of returned values; and optionally, a mean
and standard deviation for each value to scale the returned sanTfieMultiNormalValue is
constructed using Cholesky decomposition.
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Simulation Analysis Functions

Simulation analysis functions are used to find statistics abmuparticular values from, individual
cells in the spreadsheet following a simulation. For example, if a spreadsheet cell contained a
normal distribution, following a simulation these functions could be used to find the mean and
standard deviation of ta values in that cell during the simulation.

Retrieving Ranges and Percentiles

Two of the most useful functions for analyzing the results of a simulation can find the range of
values matching a particular likelihood, or the portion of simulation results that fall within some
bounds.

TheSimulationlnterval function can find the portion of simulation results that fall between a
particular minimum and maximum value, or find the portion of simulation results that are above or
below some value.

For example, if a partit¢ar spreadsheet cell contained a normal distribution with mean 0 and
standard deviation 1, th8imulationlInterval function could be used to find the portion of values
above zero (expected to be 50%), or betwegmnd 1 (expectetb be 68.27%). If both a minimum
and maximum value are provided to the function, it returns the portion between values; if one of
the minimum or maximum are omitted, then the function returns the range falling above or below
the provided value.

TheSimulationPercentile function returns the value of a particular cell corresponding to a given
percentile. For example, if a cell contained a normal distribution with mean 0 and standard
deviation 1, the value at the 50th percentiezerd. In essence, this means that in 50% of the trials
of the simulation, the value in the given cell was less than or equal to zero.

Similarly, if a cell value is normally distributed, the value at the 84th percentile should be roughly
plusone stamard deviation from the megrand the value at the 16th percentile should be roughly
minus-one standard deviation from the mearTheSimulationPercentile function sorts results in
order of increasing value. Therefore to fithd values within 5% of the minimum and maximum,
you would find the 5th and 95th percentile values, respectively.

Statistics Functions

Most of the analysis functions return some statistics about the values in a particular cell. Functions
are available for finding mean (arithmetic or geometn@tiance, standard error of the mean, and

so on, from particular cells. Some functions reference multiple cells; for example, functions are
available to find the correlation and covariance between two cells during a simulation.

!In practice, the 50th percentile value will almost never be exactly zero if the underlying value is a continuous
distribution such as a normal distributior-rom a normal distribution with mean 0, the 50th percentile value
should be close to zero, and may be displayed as zero if rounding is used in the cell.
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Retrieving Individual Values

Individual values from the simulation can be retrieved for any cell in the spreadsheet. The
SimulationValue function returns the value of a particular cell at a particular iteration of the
simulation. Another functior§ortedSimulationindex, finds the inverse: it can be used to find the
particular iteration numier at which some value occurred.

The latter function is useful for selecting iterations to analyze. For example, if a particular
spreadsheet model has several inputs and one output, you can find the minimum and maximum
output value using the statisticsrigtions §imulationMin andSimulationMax). These values can

be used with theSortedSimulationindex to find the iterations within the simulation at which the
minimum and maximum va@s occurred; and then that iteration number can be used with the
SimulationValue function to examine the values of each input cell in the minimum and maximum
output cases.

Chart Functions

Several functionsra used when the adéh generates automatic tables and charts. The

SimulationHistogram andSimulationHistogramBin functions are similar to théimulationinterval

function, but are more flexible when values change significantly, because they use relative and

B NAIFotS AyGSNBLt &aAl Saod -AyQx2aki ONBRSGZ AEGMENSI
than use these functions manually.

General Simulation Inform ation

Some additional functions return information about the simulation. SineulationTrials function
returns the number of trials from the most recent simulation, and SihraulationTime function
returns the elapsed processing time of the most recent simulation.

Page6



Running a Simulation
The RisSkAMP Adlly NHzyda a2y (S /I N¥2 &aAYdzZ | GA2y&a o8
sequence, and storing the results oftput cells for later analysis.

To run a simulatiorselectéRun Simulatiobfrom the Monte Carlo menu.This will launch the
Simulation dialog, which controls the running simulation.

In the simulation dialogenter the desired number of iterations. In most case8 useful to start
from a small number of iterations to see if the model functionsgseeted. Simulations can be run
as manyimes as is necessary.

ThedAllow screen updatéscheckbox controls whether or not to show calculations while the
simulation is running. Depending on the complexity of the agséeet, turning off screen updates
candramatically improve performance.

PresgiStart to run the simulation, otCancet to close the dialogWhen the simulation is running,
clickoStogE or press thedEscape keyto stopand reset the simulation

Please note that ExceR0O7charts are very slow. In most case§ fireferable to turn off screen
updates when using Excel 20@#h charts

Run Simulation Again

The menu optiordRun Simulation Aga (Same Setting§yuns a simulation without requiring you to
click thedStar€ button. The simulation will use the number of iterations from the last simulation.
This is useful mostly as a shortcut wheaveloping or testing a model, or when-nenning a
commonlyused model.

Re-Play Last Simulation

Just before running evesimulation the addin stores the random number genera@rinternal
state. Thereplay simulation command resets th@ndom number generataio the state of the
previous simulationandthenre-runsthe simulation.

The effect of this will be that alatndom numbersampled usinghe RiskAMP random functions will
be identical to the last time the simulation was run. This is useful prinfarigemonstration or
presentation purposes, when a specific, known result is desired.

Please note that the replayfunctionwill not work as expected when usinguttiple processors or
multiple threads in Excel 2007
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Histo gram and Chart Wizard
The Histogram and Chart Wizardn quickly generate tables and charts to display statistical and
distribution information from a simulation. The wizard is available from the Monte Carlo menu.

Source Cell

The Source Cell page selettts cell used as a base for the generated tables and charts. This should
be a cell that has varied over the simulation, such as a random variate or the output of some model
based on random data.

Target Range

The chart wizard can be used to insert a tatfl@alues into any worksheet, by selecting a target
range. The range can be either horizontal or vertical. If the selected camgainstwo columns(or
two rows whencreating ahorizontaltable), labels will be included|f therange contains only a
single column (or row), labels will be omitted.

Simulation Results Sheet

Instead ofusinga target range, if théCreate a new simulation results shé& checkedthe wizard
will inserta newworksheet into the workbook with tables, charts, and some additional statistical
data.

Chart Types

If a target range is selected (instead of a new results shiwet)yvizard ofers a selection of
table/chart types The resulting table will be insertedtie target range. ThéColumn (Row)
Title€ checkbox controls whether to include a title in the first rontloé table.

Random Number Generator

The RiskAMP Add uses aandom number generator based on the Menne Twister algorithin
suited for running complex Monte Carlo simulation modeith thousands of sample values
generated per iteration

Re-seed the Random Number Generator

To reset the random number generator, seléddvanced Propertiésfrom the Monte Carlo menu.
On thedRandom Number Generatbtab, enter a new seed value or zero to use the exystime as
a seed. Then clidOK.
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Latin Hypercube Sampling
Latin Hypercub&mpling(LHS)s an alternative m#énod of sampling random values from random
distributions, and is provided as an option in the RiskAMRiAdd

In Latin Hypercube sampling, the random distribution is divided into a number of intervals of equal
probability. When creating a sample valtlee program first randomly selects one of these intervals

(without replacement). A sample value from the underlying distribution is then randomly selected
from within that interval.

Because the distribution is divided into intervals of equal probabdayples selected over the

course of the simulation will conform to the given distribution. Because samples within each

interval are randomly selected during the simulation, and because the order of intervals is randomly
selected, each simulation will benigue. Taken together, these properties mean that using Latin

Hypercube sampling when running a simulaté@m result in better distribution of random variates

and lower error, with a smaller number of iterations.

To turn on LHS in the RiskAMP AdldseS Ol a! ROl Yy @GS H NI 2a2a 0SS /I NJ
hy GKS a{lYLXAy3 aSikK2R¢ {06z (

Number of Samples

The default behavior when using LHS is to use the nhumber of simuiaiations as the number of

samples. This helps to ensure broader distribution of samples over the course of a simulation. To
OKIy3aS (KAa o0SKIFIZBA2NE aStSOG GKS GCAESR ydzyo SNJ :
that if the number of sampleis lower than the number of iterations, intervals in the LHS model will

be re-used.

Locking Simulation Functions

Spreadsheets constructed using the RiskAM&-iAdontain functions and data that are only

available ithe addin is installed.In some cases it may be useful to distribute spreadsheets to users
who do not have the ad¢h available The addin includes functions foflocking simulation

functions, which replacesimulationfunctionswith their output values. The spreadsheet can be
aunlocked, whichrestoresthe originalsimulationand ranam numberfunctions

To lock simulation functions in a spreadshesstiectd_ock Simulation Functiobfom the Monte
Carlo menu.When this function has completed, the resulting spreadsheet can be saved and
distributed to other users. Select tlik/nlock Simulation Functiohsommand to restore the
functions.

Please note that if you lock simulation functions twice in successtbe first set of functions will be
lost. A warning dialog will be displayed if you attempt to do this.
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