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Section | T Introduction & Simulation

Basics

This section describes Simulation Master features, installation and introduces Monte Carlo
simulation.
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Chapter 1 T Introduction

Simulation Master is  a tool for performing a wide range of Monte Carlo simulations within
the Excel environment. Using your Excel model, you can treat inputs as random variables
and generate a range of outcomes that illustrates the risks to your project.

Simulation Features

=4 =4 =4 =4 4 -4 -8 A -a s s e

= =

14 continuous probability distributions.

7 discrete probability distributions.

User defined distribution fu nction.

Truncated distributions.

Distribution fitting.

4 b ivariate Archimed ean copula types.

Copula fitting.

Correlated inputs  using rank correlation matrix.

9 time series models.

Time series fitting.

Over 1 million iterations per simulation possible .

Seed number can be provided to repeat simulation output.

Probability analysis of simulation output.

Raw input and output data saved to a worksheet.

Report ing function to send results to a work sheet or separate workbook
Histogram, frequency poly  gon, and cumulative frequency charts.
Correlation reports and tornado charts.

Scatter plot generation of input variable S vs. output and input vs. input
Box plot of one or more simulations.

Remove/restore random variables in spreadsheet to share workbook with users who
dondt have Simulation Master installed.
Decision variables.

Simulation optimization.

Sensitivity ~ Features

1 Correlation reports and tornado charts.

1 Scatt er plot generation of inp  ut variables vs. output and input vs. input.

1 Oneatatim e sensitivity analysis of input variables  with t ornado chart of results.
Risk Management/Qualitative Analysis Features

1 Riskregister.

1 Risk register report

1 Riskran king report .

1 Heatm ap report.
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System Requirements

Excel Version: Excel 2007 to Excel 201 9, Office 365 desktop ; 32 and 64 bit
Systems: 32 bit and 64 bit

Wind ows: Vista to Windows 10

Installing Simulation Master

Place the Simulation Master add -in file in a folder that you have access. | t @mportant to
not rename the file, otherwise the update links tool will not work properly.

Before Installation

Depending on your system settings, you may have to unblock the Simulation Master add -in
file prior to installing. Right click on t he Simulation Master add -in file. Click on Properties.
The following window will appear:

@ Simulation_Master Properties X

General  Cabonite  Securty Detalls  Previous Versions

ﬂ | Simulation_Master

Type of file:  Microsoft Excel Add-In {xdam)

Opens with: Excel 2016 Change...
Location: WWDESKTOPSERVER"Shared Files\\ortarus'\Test -
Size: 474 KB (485,704 bytes)

Size on disk: 476 KB (487,424 bytes)

Created: Today, March 22, 2017, 31 minutes ago
Modified: Today, March 22, 2017, 31 minutes ago

Accessed: Today, March 22, 2017, 31 minutes ago

Attrib Head-only || Hidden

Security: This file came from another
computer and might be blocked to
help protect this computer.

Cancel Apply

Figure 1 - File Properties

Check Unblock ifitis not already checked. Then click OK.
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Excel 2007 Installation Procedure
Click the Offi ce Button int he upper left corner of the Excel window.

Home Insert Pane | avout Formulas Data Review Vie
Office Button i

| [ 55 Y

a0 Click here to open, save, or print, + .|
B .

— and to see everything else you can New
- i
B do with your document. ured Diagram Map K

_1.
=
O [H: —
i F G

===

(@ Press F1 for more help.

WM

Figure 2 - Office Button

Click on the Excel Options button.
Click on Add-ins menu item.

Excel Options =

- .
Popular E - i . -
P ‘_% View and manage Microsoft Office add-ins.

Formulas
Proofing Add-ins
Save Mame Location Type ol
Advanced Active Application Add-ins

Analysis ToalPak C\...ce\Officel 2\Librany\Analysis\ANALYS32.XLL  Excel Add-in
Customize Diagram Master ADESKTOPSERVER\.ion\Diagram Masterxlam  Excel Add-in

rs\Chris\Desktop\Simulation Masterxlam Excel Add-in
ice\Officel 2\Library\SOLVER\solver.xlam Excel Add-in
\..ppsPro\CodeCleaner\VBACodeCleaner.dll  COM Add-in

Simulation Master

Add-Ins Solver Add-in

VBA Code Cleaner 5.0 c
Trust Center

m

Inactive Application Add-ins

Resources Analysis ToolPak - VBA C:\..Officel 2\Library\Analysis\ATPVBAEN.XLAM  Excel Add-in
Conditional Sum Wizard sumifxlam Excel Add-in
Custom XML Data “Microsoft Office\Officel2\OFFRHD.DLL  Document Inspector
date (Smart tag lists) microsoft shared\Smart Tag\MOFL.DLL  Smart Tag

Decision Master sers\Chris\Desktop\Decision Master.xlam Excel Add-in
Diagram Master17.01.22 \..is\Desktop\Diagram Master 17.01.22.xlam Excel Add-in

Euro Currency Tools eurotool.xlam Excel Add-in
Headers and Footers .es\Microsoft Office\Officel2\OFFRHD.DLL  Document Inspector —
Heuristic Optimizer Add In \AddIns\Heuristic Optimizer Add In.xlam  Excel Add-in

Hidden Rows and Columns .es\Microsoft Office\Officel2\OFFRHD.DLL  Document Inspector
Hidden Worksheets \...es\Microsoft Office\Officel 2\OFFRHD.DLL  Document Inspector
Internet Assistant VBA rosoft Office\Officel2\LibranAHTMLXLAM  Excel Add-in

Invisible Content .es\Microsoft Office\Officel 2\OFFRHD.DLL  Document Inspector

Lookup Wizard lookup.xlam Excel Add-in
Microsoft Actions Pane 3 XML Expansion Pack ~
Add-in: Analysis ToolPak

Publisher: Microsoft Corporation
Location: C:\Program Files\Microsoft Office\Officel2\Library\Analysis\ANALYS32.XLL

Description:  Provides data analysis tools for statistical and engineering analysis

Manage: | Excel Add-ins |z|

Figure 3 - Excel Options>Add -Ins

Inthe Manage drop -down box, sel ect fAEkoeb Add Gdbhutok t he
In the new window, click Browse and select the Simulation Master add -in file.
Check the box next to Simulation Master.
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- L —— -]
Add-Ins [T [

Add-Ins available:
Analysis ToolPak - OK

[ Analysis ToolPak - VBA
|| conditional Sum Wizard

Cancel

Diagram_Master

[ Euro Currency Tools
B =

[ClInternet Assistant VBA growse

[ Lockup Wizard -

Simulation Master

Solver Add-in

Simulation Master

Figure 4 - Add -ins Window

Excel 2010 - 201 9 Installati on Procedure

Click the File tab in the upper left corner of the Excel window.

File Home Insert Page Layout Formulas Data Review View

v e BCO acro & = roj
2 B g S & [ S

[&] Use Relative References &7 Vien
Visual Macros Add-  Excel COM | Insert Design
Basic ! Macro Security ins  Add-ins Add-ins |~  Mode (3] Run
Code Add-ins Controls
M6 &2 e
Il A 1 B 1 C 1 D Il E Il F 1 G 1 H

Figure 5 - File Tab

Click on Options menu item.
Click on Add-ins menu item.
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Excel Options

Customize Ribbon

Quick Access Toolbar

Add-ins

Trust Center

Inactive Application Add-ins
Analysis ToolPak

Analysis ToolPak - VBA

Date (XML)

Euro Currency Tools
Microsoft Actions Pane 3
Microsoft Power Map for Excel
Solver Add-in

Document Related Add-ins
No Document Related Add-ins

Disabled Application Add-ins
No Disabled Application Add-ins

C\...Officel B\Library\Analysis\ANALYS32 XLL  Excel Add-in
C

C:\...ap Bxcel Add-in\EXCELPLUGINSHELL.DLL COM Add-in
CALMOffice1B\Libran\SOLVER\SOLVER.XLAM  Excel Add-in

ce1B\Librany\Analysis\ATPVBAEN XLAM
Microsoft Shared\Smart Tag\MOFL.DLL
T\ Aroot\Officel16\Libran\EUROTOOLXLAM  Excel Add-in

T X

General @ View and manage Microsoft Office Add-ins,
Formulas
Proofing Add-ins
Save MName = | Location | Type
Language Active Application Add-ins

Diagram Master 17.01.13 G\ \Desktop\Diagram Master 17.01.15xam  Excel Add-in
Advanced

Excel Add-in
Action

XML Expansion Pack

Add-in:
Publisher:

Diagram Master 17.01.15

Compatibility: No compatibility information available

Location:  C:\Users\chris\Desktop\Diagram Master 17.01.15.xam
Description:
Manage: | Excel Add-ins I G |

Inthe Mana ge drop -d o wn
In the new window, click

Check the box next to Simulation Master

Figure 6 1 Excel Options>Add

box, sel

-Ins

e eitn sfioE xacned &M didttork.

Add-ins

Add-ins available:

=
>

Zﬁnalysis ToolPak

[ ] Diagram_Mastar
:| Dtace

:l Euro Currency Tools
:| Shoplan

| Salver Add-in

[] vaimal

[ | Analysis ToolPak - VBA

o]
Cancel
Erowse...

Automation...

i

Simulation_Master

Figure 7 - Add -ins Window

Browse and selectthe Simulation Master add -in file.
and click OK.

t

he
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Uni nstalling Simulation Master

Go to the manage Add  -ins window (see Installation section).

Uncheck Simulation _ Master.

Close Add -ins window.

Delete the Simulation Master file or move it to a different folder.

Go to the manage Add  -ins window.

Click on the Simul ation _Master check box.

A pop -up message will appear that Simulation _Master cannot be found. Click Yes to
delete from list.

8. Close Add -ins window.

NoakwbdPE

Trust Center Settings

Depending on the Trust Center settings, Simulation Master may not run, or a warning may
appear when Excel is started. To allow the add -in to run or to avoid a warning message on
start -up make sure the Trust Center Settings below are correct.
To open the Trust Center, click the Office Button in the upper left corner of Excel or the File
tab depending on the version of Excel. Then click on the Excel Options button or Options
menu item.

Excel Options ? x

G |

enera @ Help keep your documents safe and your computer secure and healthy.
Formulas

Proofing Security & more

Save Visit Office.com to learn more about pretecting your privacy and security.

Language Microsoft Trustworthy Computing

Advanced
Microsoft Excel Trust Center
Customize Ribbon
The Trust Center contains security and privacy settings. These settings help keep your
Quick Access Toolbar computer secure. We recommend that you do not change these settings. Trust Center Settings...

Add-ins

Cancel

Figure 8 - Excel Opt ions>Trust Center

Click the Trust Center Settings  button to open Trust Center. Click on Add-ins menu item.
Make sure all checkboxes are unchecked.

Vortarus Technologies LLC 14



Trust Center

Trusted Publishers
Trusted Locations
Trusted Documents

Trusted Add-in Catalogs

Add-ins

ActiveX Settings
Macro Settings
Protected View
Message Bar
External Content
File Block Settings

Privacy Options

Add-ins (COM, VSTO and Other)

[ Require Application Add-ins to be signed by Trusted Publisher

[] Disable all Application Add-ins (may impair functionality)

Click on File Block Settings
unchecked.

Figure 9 - Trust Center>Add -Ins

menu item. Make

sure Excel 2007 and later Add

Trust Center

Trusted Publishers
Trusted Locations
Trusted Documents
Trusted Add-in Catalegs
Add-ins

ActiveX Settings
Macro Settings
Protected View
Message Bar
External Content
File Block Settings

Privacy Options

File Block Settings
For each file type, you can select the Open and Save check boxes. By selecting Open, Excel blocks this file type, or
opens it in Protected View. By selecting Save, Excel prevents saving in this file type.

File Type IOpen ISEVE | -
Excel 2007 and later Workbooks and Templates

el 2007 oo Later Moo Fogtled Workbooke cnd Tomolon
Excel 2007 and later Add-in Files

T T T ToTeT ETeTy T TR e

O

—1

=
|
=)

OpenDocument Spreadsheet Files m]

Excel 97-2003 Add-in Files O

Excel 97-2003 Workbooks and Templates O

Excel 93-97 Workbooks and Templates O

Excel 35 Workbooks O

Excel 4 Workbooks

Excel 4 Worksheets

Excel 3 Worksheets

Excel 2 Worksheets

Excel 4 Macrosheets and Add-in Files

Excel 3 Macrosheets and Add-in Files

Excel 2 Macrosheets and Add-in Files

Web Pages and Excel 2003 XML Spreadsheets

XML Files

O O
m] O

Open behavior for selected file types:
Do not open selected file types

Open selected file types in Protected View
O Open selected file types in Protected View and allow editing

Restore Defaults

OK | Cancel

Figure 10 - Trust Center >

File Block Settings

-in Files

is

Vortarus Technologies LLC
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Chapter 2 T Simulation Basics

This chapter is an introduction to Monte Carlo simulation as it pertains to Simulation Master

operation. It is very important that you understand the inputs to your model to avoid the
prover bi ade fiigra,r bpar bage out 0 probl em.

Building a Model

An Excel spreadsheet model is simply a worksheet (or worksheets) that provide a stru

ctured

output calculation based on input values . A deterministic model is where the inputs and
output take on a single value. In some cases, the inputs may be varied for different

scenarios to show a range of outputs. This is known as scenario analysis.

Monte Carlo simulation greatly expands upon scenario analysis to calculate thousands of
scenarios based on sampling from ran dom variable inputs. This gives a far better

understanding of the risks associated with the potential outcomes.

For the purpose s of this manual, the model is defined as the cells contained in one or more

worksheets that calculate an output value in one of the cells. A deterministic spreadsheet
model for an investment is shown below. In this model, we are trying to determine proj ect

net present value, so the output cell is B27.

The single point value of NPV is positive at a discount rate of 8%. What t hi s

mo d e |

tell us is the probability that this project will have a negative NPV. It also is based on single

point estimat es of revenue, expenses, and salvage value. A simulation would give a better

understanding of the  possible net present values given the random variable input values.

Vortarus Technologies LLC
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J

K L

Depreciation

ear

(oL RN R R ]

Sear Allowable
MACRS Depreciation

0.2000 11,000
0.3200 17,600
0.1920 10,560
01152 6,336
0.1152 6,336
0.0576 3,168

A B C D E F G H
1
2
3 Year 1] 1 2 3 4 5 6
4 Income Statement
5 Revenue 70,000  &0,000
6 |Expenses 30,000 30,000
7 |Rent 9,600 9,600
8 |Depreciation 6,336 3,168
S |Taxable Incoms 24 064 17232
10 |Income Taxes (30%) 7,215 5,170
11 |Net Income 16,845 12082
12
13 |Cash Flow Statement
14 | Opersting Activities
15 |Net Income (3520) (92 5,888 16,845 | 16545 12062
16 Depreciation 11,000 17600 10,560 §338 6,336 3,168
17
18 |Investing Activities
1% |Investment (55,000}
20 |Salvage 13,401
21 Gains Tax (4,020)
22
23 Met Cash Flow (55,000} 7,080 2380 17448 23181 23181 24811
24
25
26 |Discount Rate 0.08
27 MNet Present Value 20,898
28
29

Figure 11 - Deterministic Model

Identify  Inputs That Are Random Variables

Prior to simul
that have the ¢

Random Variable

S

ation, inputs that are not deterministic

reates t impact on model output should
addition al investigation is necessary to better de

fine them

be

identified

I N

Book
Walue
55,000
44 000

need to be identified. Also, the inputs
to determine if

An input that might assume a range of unknown values is treated as a random variable. A
underlying probability distribution that determines the likelihood of

random variable has an

the input assuming a given value. For

its range of possible va

lues.

example, a normally distributed random variable is
most likely to assume a value near its mean, and less likely to assume a value away from
its me an. A uniformly distributed random variable is equally likely to assume any value in

Determining the underlying probability distribution may be extremely difficult, if not

impossible. In this case, a simplified distribution
PERT distribution may be used with the distribution parameter

such as uniform, triangular,

trapezoidal , or

s being based on expert

estimates.

If there is historical data for the random variable, the Simulation Master distribution fit ting
tool can be used to fit the data to the most appropriate distribution and estimate the
distribution parameters.

Vortarus Technologies LLC 17



Deterministic Inputs

Deterministic input values are known and not subject to variation. An example is that some

input costs may be fixed through a long -term p urchase contract. Inputs of this type are not
random variables.

Decision Variables

A decision variable is som  ething that you have control over its value. You can change its

value as needed to obtain your objectives. Simulation Master can run multiple si mulations
and change the value of one or more decision variables each time to see the effect on the

output. A decision variable of this type is called a discrete decision variable. It has a

discrete set of possible values.

There is a second kind of deci  sion variable called an optimization decision variable. When
used with the optimizer, these variables can ass ume any value within its specified range.
The optimizer will attempt to find the optimum value of each optimization decision variable

based on th e criteria specified.

Sensitivity Analysis

In a model with numerous random variable inputs, putting the effort into determining the
underlying probability distribution may be uneconomical. By performing a sensitivity
analysis, one can find the inputs that the model output is most sensitive to variations.
Effort can then be focused on only the most important inpu t variables.

Simulation Master h as a sensitivity tool to perform one factor at a time (OFAT) analysis.
The user inputs a range for each random variable and the tool will vary each random
variable to its minimum and maximum value while holding all other variables at their base
case value. The change in the model output is recorded in a table and summarized in a
tornado chart.

Figure 1 2 shows an example tornado chart where each variable was changed +/ -20% from
its base case value. In this example, outp  ut is most sensitive to revenue 4 since a 20%
change results in the widest range of outputs. Revenue 5 is second most important

variable, revenue 3 the third, and so on.

Inthe example,  we should put the most care into determining the probability distrib ution for
the important variables since they will ha ve greatest impact on model output in the
simulation.

OFAT analysis is simpl e to perform and  often useful, however a drawback of OFAT analysis
is that it does not account for interactions among the varia bles. If you believe interaction s
are important, another method of sensitivity analysis may be more appropriate.

Vortarus Technologies LLC 18



Tornado Chart

Output Value (Base Case: 5317.94)
-4000 -2000 O 2000 4000 6000 8000 10000 12000 14000

Revenue 4 -1370.8
Revenue 5 -875
Revenue 3 -23
Revenue 6

12006.71
11511.25
874.77
0.25
Revenue 2
Revenue 1
Expenses 1
Expenses 2
Expenses 6
Expenses 3
Expenses 5
Expenses 4

Figure 12 - Sensitivity Analysis Tornado Chart

Modeling Random Variables

Any model inputs that are random variables are changed from a single value to a probability
distribution that will be sampled during each simulation run. Simulation Master provides a

tool to insert random variables in the model or an experience d user can enter a worksheet
function like built  -in Excel functions. Refer to Chapter 8 for more information.

In Figure 1 3, the deterministic model has been changed to a stochastic model by making

the revenue and expense cells for each year random variables. The selected cell shows the
Simulation Master function for a triangular distribution. In this case the Year 3 revenue has
a triangular distribution with 45,000 as worst case, 50,000 as most | ikely case, and 60,000

as best case.

ES - I =rvtriangular(45000,50000,60000)
A B © D E F G H | J K L M N

2 Depreciation

SYear Depreciatio Book
3 Year 0 1 2 3 4 5 6 Year  MACRS n Walue
4 Income Stat t 0 55,000
5 [Revenue 25774 | 30,856 | 47,839 170452 64,576 56,620 1 0.2000 11,000 44,000
6 Expenses 13,516 21,966 25405 30,410 28470 30,422 2 0.3200 17,600 26,400
7 |Rent 9600 9600 9600 9,500 9600 9,600 3 01920 10560 15840
8 |Depreciation 11,000 17,600 10,560 6,335 = 6,336 3,168 4 0.1152 6,336 9,504
9 Taxable Income (8,242) (18,209) 2274 24106 20270 13,430 5 0.1152 6,336 3,168
10 |Income Taxes (30%) (2503) (5493) 6B2 | 7232 6081 4029 5 0.0576 3,168 i
11 [NetIncome [5830) (12817) 1502 16874 14,189 | 9401
12
13 |Cash Flow Statement
14 | Operating Activities
15 MetIncome (5839) (12,817) 1592 16674 14183 9401
16 Depreciation 11,000 17,600 10,560 6336 6336 3,168
17
18 | Investing Activities
19 Investment (55,000)
20 Salvage 13,401
21 Gains Tax (4,020)
22
23 |Net Cash Flow (55,000) 57161 @ 4783 12,152 23210 20525 21,949
24
25
26 |Discount Rate 0.08
27 MNet Present Value 8,387
28

Figure 13 - Stochastic Model
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Correlated Inputs

In many simulations, each random variable is considered independent. If input variables

are correlated with each other, it is important to cap ture this correlation in the simulation t o]
improve the simulation qua lity . If input variables are considered independent w hen they
have correlation, risk may be over or  underestimated

Simulation Master has two ways to account for input variable correlat ion.

Rank Correlation Sampling Variables that are correlated are sampled and then
reordered according to their Spearman rank correlation. Simulation Master allows

for correlation of input random variables through the correlation matrix. The
correlation matrix consists of the Spearman Rank corr elation among input random
variables.

When a simulation is run with correlated inputs, the random variable input values are
generated first. Then the input values are reordered so that their correlation is close

to the correlations in the input matrix. With reordering complete, the input values
are inserted into the model and the output values recorded.

Bivariate Copulas Copulas allow for more intricate correlation structures between

two variables. This hasth e advantage of generating samples with mor e realistic tail
correlations. The disadvantage is that correlation among more than two variables

cannot be modeled.

Model Simulation

Once all random variable inputs are defined, the model can be simulated. The s imulation
process involves sampling a value for each random variable input and th en calculating the
model output

Generating a Random Variable with the Inverse Transform
Method
The inverse transform method of generating a random variable involves the proce dure

defined below. Simula tion Master does this work for you and the purpose of this description
is to provide an understanding of how it is done.

1. Generate a pseudo -random number in the range [0,1) or (0,1) depending on the
random number generator

2. Onth ey-axis of the cumulative  distribution function, find the random number value
and go to the right until the CDF is intersected.

3. Atthe intersection, go down to the x -axis. The X value is the random variable value.
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Cumulative Distribution Function
| >—I
Random Number = 0.8 4
0.75
=
¥ 05
>
=
0.25
0 A 4 ‘ ‘ . ‘
0 2 4 6 3 10
Random Variable = 2 X
Figure 14 - CDF for a Discrete Distribu tion

Using Excel Functions to Generate a Random Variable

For the distributions that have built -in Excel inverse distribution functions, Simulation
Master makes use of these functions to generate random variables. Refer to Append ix C for
the distributions  that use this method.

Optimization

When optimization is used to find the optimum values of decision variables, the software

runs a series of optimization loops. Within each optimization loop, simulations are run to
find the obje ctive measure we are trying to maximize, minimize, or reach a specified target.

Due to the nature of many simulations within optimization loops, optimization is very
computationally intensive.

Objective Measure The statistic of model output that is to be minimized, maximized, or a
target value reached. The objective measure is output mean, variance, percentile, etc. The

software changes the value of optimization decision variables to achieve the desired

object ive measure. In optimization terms, the m odel output is the objective function and
since we are dealing with random variables, the objective measure provides a way to
measure the output.

Constraint A constraint provides limits on the feasible solutions that are possible. There
are two types o f constraints: equality and inequality. An equality constraint limits the

constraint to a single value. An inequality constraint limits the constraint to either less than

or greater than a value. A constraint ¢ an be a cell value in the model or a simul ation
output statistic.
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Feasible Solution A feasible solution is found when all constraints are satisfied. A feasible
solution may not be the optimum solution. If one or more constraints are violated, then a
fea sible solution was not found.

Analyze the  Output

Once the simulation is complete, questions prajecth as fiWh

wil have a positive net present Byacbuntan@ the pereentageb of
output (NPV in this case) outcomes that are positive we can provide an answer to this
question.

Simulation Master can analyze the outcome probability above and below a single value or
between two values.

Single Value Probab ility Analysis

Single value analysis determines the probability less than and greater than the spec ified
value. If you wanted to know the probability that NPV was greater than 0 for the example

model above, you would enter 0 as the value to analyze and Si mulation Master will calculate
the percentage of outcomes less than or equal to 0 and the percentag e greater than 0.

The model spreadsheet was simulated for 25, 000 runs and th e results are shown in Figure
15. A single value probability ana lysis shows th at there is a 91. 84 % probability that the
NPV will be greater than 0.

Simulation Results X

Simulation Results Mumber Format

Form Dec. places
| j |Decima| j |2 j Apply

Simulation lOptimization ]

Minimum: -10776.51 - 14E+3 -
Maximum: 27227.73
Mean: 6301.63 LIE+3
Variance: 24886367.78 .. LOE+3
Skewness: 0.07 g
Kurtosis: 2.89 g 8.0E+2 1
Percentiles: T G.0E+2
Ist: -4353.34 =
Sth: -1213.03 A0E+2
10th: 560.02 20E+2
25th: 3462.84 0.0E=0
OE+D
50th: 6822.36 fneomesemennurgoon
75th: 10258.77 SRl I s Rl e -
%0th: 1348413 - EEFUCYiSEESEELER
95th: 15225.92 FT T SH4d3RAN
_99”“ 18432.58 Output Function Value
Probability Analysis . .
Probability of <= 0: 8.16% - [~ Hide 0% 100% 0%
Probability of > 0: 91.84% 1= -10776.51 2722773
Data Sheets Probability Analysis
[ Delete simulation data sheets on exit 0 LSP uUsp

Help Create Report ‘ Close ‘

Figure 15 - Single Value Probability Analysis

anal yzec
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Range Probability Analysis

Range analysis determines the probability betwee n two user specified set points. Range:
[lower s et point, upper set point ]. It also determines the probability above and below the

ran ge.

The model simulation in our example was analyzed to +/ - 10% of the mean value. The
results in Figure 1 6 showal 1.1 % probabi lity between 6211.47 and 7591.79 .

Simulation Results x

Simulation Results Number Format

Form Dec. places
| j |Decima| j |?_ j Apply

Simulation l Optimization ]

Kurtosis: 2,89 j 14F+3 -
Percentiles:

1st: -4353.34 LIE+3 -

5th: -1213.03 1.0E+3

10th: 560.02 g

25th: 3462.34 ] BOE+2 4

50th: 6822.36 T 50E:2

75th: 10258.77 £

90th: 13484.13 40842 4

95th: 15225.92 3 0E+2

99th: 18432.56

0.0E+0
L. m L = m
Probability Analysis TSEABEARANA=A0n5
Probability of <= 0: 8.16% tBERUECERESRETER
Probability of » 0: §1.84% g TR es 208K aH
- : Qutput Function Value

Probability Analysis . .
Probability of < 6211.47: 45.148%
Probability from 6211.47 to 7391.7%: 11.1% — I Hide 0% 100% 0%
Probability of = 7591.7%: 43.732% ; -10776.51 2722773
Data Sheets Probability Analysis

[ Delete simulation data sheets on exit 6211.47 LSP Usp | 7591.79
Help Create Report ‘ Close

Figure 16 - Range Probability Analysis

Correlation
Using the si mulation data, Pearson and Spearman Rank correlation coefficients can be
calculated for each input variable versus output. Tornad 0 charts of the correlation

coefficients can be generated to graphically display results.

Scatter Plots

Scatter plots of input values versus output value can be generated for each input variable.
This is useful for determining relationships between input variable values and output values.
You can also plot inputs versus inputs.
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Present the Results

Presentation of simulation res  ults include summary stati  stics of the output such as mean,
variance, minimum, and maximum values of the output. A histogram of the model output
provides a visual representation of the simulation results.

Simulation Master can create a summary report wit h output histogram , frequency polygon,
and cumulative frequency charts . Referto chapter 14 for information on creating a report.

In addition, the raw simulation input variable values and output value for each simulation

run is placed in a new worksheet that can be manipulated with Excel to provide additional
presentation of results.

Box plots can be generate d for a single simulation or to compare several simulations in one
chart. Refer to Chapter1 8 for information on box plots.

Summary - General Simul ation Procedure
The general simulation procedure , and how Simulation Master fits into the process, is shown
below .

1. Create Model Create a deterministic model in Excel.

2. (Optional) Perform Sensitivity Analysis of Inputs Perform one factor at a time
sensiti vity analysis using the OFAT analysis tool (or other analysis) to determine
critical inputs to model.

3. Determine Underlying Probability Distributions of Inputs Once inputs that will
be random variables are determined, select underlying probabi lity distribut ion and
parameters for each random variable.

4. Add Random Variables to Model Use Add Random Variable  tool to define random
variables in model

5. (Optional) Add Correlation Matrix or Copulas to Model If some input variables
are correlated, use Cor relation Matri x tool to add a correlation matrix to model.
Then add Spearman Rank correlation coefficients to matrix. Alternatively, copulas

can be used to create a correlation structure between variables.
6. Run Simulation
7. Analyze Output
a. Probability analys is
b. Correlation report
c. Scatter plots
d. Create summary report
8. Present the Results
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Chapter 3 1 Time Series Models

Time series models allow for modeling a variable over time, such as stock prices or
investment returns. A time series model is set up by creating a range of cel Is containing
time series functions that are linked to each other. Each cell in the range constitutes the

state of the variable at time t. Every time the sheet is recalculated, the cells return a new

value. Hence, we can simulate a time se ries like any other model and determine the
potential outcomes of the series.

Time Series Models in Simulation Master

The following time series models are available:
T AR@)

AR(2)

MA(1)

MA(2)

ARMA(1,1)

ARMA(2,2)

GBM

ARCH(1)

GARCH(1,1)

=A =4 =4 =4 -4 4 -4 4

For more information on the time se ries functions associated with each model, refer to
Appendix E.

Au toregressive Models, AR(1) & AR(2)
The autoregressive models depend on lagged values of the time series and are defined as
follows:

O0Ypdw | MW T
0'Y¢dw | now nw i
Where:

W is value of time series at time t
| is a constant

N islag coefficientattimet -1

N islag coefficient at timet -2

T isdisturbance at time t and is ~ N(0, A2
An AR(1) with | =0and M =1isarandom walk process.
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Moving Average Models, MA(1) & MA(2)
The moving average models depend on lagged values of disturbances and are defined as
follows:

0opdod ¢ — -
bopgdo * —  — -
Where:
w is value of time series at time t
‘ ismean
— is lag coefficient attimet -1
— is lag coefficient at timet -2
T isdist urbance at time t and is ~ N(O, A2

Autoregressive Moving Average Models, ARMA(1,1) & ARMA(2,2)
ARMA models are a combination of AR and MA models.

dYOplpdo | ro T —
dYbaRdw | " now i — —
Where:

W is value of time series at time t
| is a constant
N is lag coefficient at time t -1

N islag coefficient at time t -2
T is disturbance at time t and is ~ N(O, Vg
— is lag coefficient at time t -1
— is lag coefficient at time t -2

Geometric Brownian Motion
In the context of stock price and return, GBM is defined by:

i ae— , 00

Y Y Q

Where:
i isreturn at time t
‘ ismeanr eturn
, Is standard deviation of return
B(t) is standard Brownian motion ~ N(0,1)
"Y is price at time t
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Si mul ati on Masterds RVGBM worksheetYY.function returns t

Heterosk edastic Models, ARCH( 1) & GARCH(1,1)

All previous models  assume that variance of the disturbance is constant. The ARCH and
GARCH models allow for variance to change from one time to the next.

ARCH(1) :
» | | -

" | |- [

Where:
» IS variance at time t
| is a constant
| islag coefficient at time t -1
T islag coefficient at time t -1
- is disturbance at time t

iSs mean
@ ~N(0,1)

Constraints:
| >0
|
f

0

0
0 o
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Section Il T Operation

This section describes the operation of Simulation Master.
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Chapter4 1

Distribution Fitting

When there is historical data for a random
to find an appropriate probability distributio

variable, the distribution fitting tool can be used
n and estimate the distribution parameters.

The first step in distribution fitting is to determine if the data is discrete or continuous.
Discrete data can  only assume specific values while continuous data can assume any value
within a range.

Once the d ata type is determined, select some appropriate probability distributions to
attempt a fit. When selecting distributions, consider if the data is positive, symmetrical, or
skewed.

Simulation Master use
di stributi
Ot her di stri

s maximum likelihood estimation to fit distributions to data. Some
on6s parameters can be estimated analytical
butionds par ameicaly and wiluake longeetoft ound numer

Fit Distribution

Ribbon>Simulation = Master tab> Fit Distribution button

AutoSave (@ o) ® & o= Books - Excel O Ssearch Sign in H - [u]

File Home Insert Page Layout Formulas Data Review View Developer Help Power Pivot Simulation Master 143 Share 7 Comments

[5l & [E Risk Register Repart =RV =B Color Inputs & Update Links
Dl v |Lr& B i :ﬁ: w @ ?E E =] Risk Rank Report 1 / = Clear Color Inputs [l Help
Fit Fit  Fit Time Time Series Run Model Rank Order Copula Existing Correlation Scatter Risk Function Special
Distribution Copula Series  Analysis | Simulation Functions~ Correlation + Simulation Report  Plots | Register B Hest Map Swap Tools~ | OFATAnalysis [l About
Fitting Simulation Correlation Reports Risk Register Utilities
W7 & I
A B C D E F G H 1 K L N o P Q R 5
1
.
Sheet1 & 4 »

Calculate @ B m - 1 + 100%
Clicking the Fit Distribution  button on the ribbon will show the Fit Distribution form.
Data Page
Select Data to Fit
Select or directly enter the cell range containing the data to fit.
Data Filters
Data outside a range can be filtered (excluded) by selecting lower and upper bounds of data
to include when fitting a distribution. Data that equals the lower or upper bounds will be
included. |Ifalld atais to be included, select -Infinity and +Infinity.
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Intensity

| f a di st r idmetérs mustde solped numerically, intensity is used to determine
how much optimization is used to determine distribution parameters. A higher intensity will
perfor m a more exhaustive search for parameters and will take longer to complete.

Distributions to Fit

Select the type of data. |If the data is continuous, a list of continuous distributions will

appear. If the data is discrete, a list of discrete distributions will appear. Select
distributions that you want to attempt to fit to the data.

Fit Distributien s
Select Data to Fit Distributions to Fit
= :
Data | 202001 J Continuous
] (" Discrete
Fixed
Parameters Data Filters [~ Select all
Other Settings Lower Limit Triangular
* -Infinity [0 Trapezoidal
~ Fixed [0 MNermal
[0 Uniferm
[0 Lognormal
Upper Limit [0 Exponential
& +Infinity O Wweibull
) [] Eeta
~
Fixed [] PERT
[] Pareto
ntensity
[0 Extreme Yalue Minimum
| Normal j [ Extrerne Value Maximurm
Used for distributions whose

parameters are solved for numerically.

Help Fit Data Cancel

Figure 17 - Fit Distribution Form > Data Page

Fixed Parameters Page

If one or more parameters are known, the parameters can be fixed, and the softw are will
find the unknown parameters. Click Fixed Parameters on the menu. The Fixed Para  meters
page will appear.

Select the distribution in the list box. The parameters for that distribution will appear.

Enter the fixed parameter(s) in the appropriate box and leave the rest of the boxes blank.
You can enter fixed parameters for more than one distribution by selecting each distribution
and entering any fixed parameters for each one.

For the binomial di stribution it 6smeterefar properditting,i x
which should be known. For low (near 0) or high (near 1) values of p, if both parameters
are unspecified, it is difficult to correctly fit the distribution.
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Fit Distribution x

Select Distribution

Data Tlianulal Minimum

Trapezoidal
5 Nermal 10
Fixed Uniform
Parameters Lognormal Most Likely

Exponential li
Other Settings Weibull

Beta

PERT Maximum
Gamma

Pareto

Logistic

Extrerne Value Minimum
Extrerne Value Maximum

Help Fit Data Cancel

Figure 18 - Fit Distribution Form > Fixed Pa rameters Page

Other Settings

Histogram Bin s

All bins are adjacent to each other and the same width. The label displayed for each bin is

the midpoint value of the bin. The choice of bin width (determined by the number of bins)

affects the appearance of th e datads distribution. shoWwsomeféaiws bi ns may
of the dataébés distribution, and too many may make the
is displayed with the vertical axis as density. Therefore, the sum of the bar areas (bin width

X bar height) are equal to 1. There are three opt ions for the number of bins displayed in

the histogram for continuous data.

Auto -bins

The number of bins is dependent on the number of data points, n.
Ifn<10,bin  num =5

If 10 <=n < 100, bin num =20

If 100 <=n <1000, bin num =30

If 1000 <= n < 10000, bin num =40

If n > 10000, bin num =50
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Fill all bins

The maximum gap between data point values is determined and the bin num is set
according to this gap. This ensures that each bin has at least one va lue. If bin num
calculatio nislessthan 2, bin num will be set to 2.

bin num = (maximum T minimum)/max gap Rounded down to nearest integer

Specify bins
You can enter the desired number of bins.

Chi -Square Bin s

When continuous distributions are fitted , data is placed in bins of equal probability according
to the fitted distribution to determine the chi  -square goodness of fit statistic . These bins
are different than the histogram bins. Bins can be automatically created, or you can enter

the number of bins. The number of bins a  ffect the chi -square test statistic, however there

are no hard and fast rules for the number of bins. There are rules of thumb that can be

used and that is what is done for automatic bins. Bins are automatically created using t he
following:

n = number of data points

Ifn<35:

0 Q¢ (- rounded to nearest integer

As referenced by [ 1], if data points >= 35

0 Q¢ i¢é™ rounded down to nearest integer

[1] Edited by D6 Agost i nGmgdnes® -of-FitSTecanighes n $986, GQRC Press,
pp. 70.
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Fit Distribution

Histogram Bins Parametric Bootstrapping

Distribution Parameters

Data

" Fill all bins I Bootstrap parameters

Fixed L
£ Specify bins Confidence level Simulations

Parameters ’7
Other Settings

This only applies to

continuous data. )
Simulate p-values

Chi-Square Bins I” Anderson-Darling

& Auto-bins I Kolmogorow-Smirnov

" Specify bins
Simulations

This only applies to
continuous data.

[ Chi-square

Help Fit Data Cancel

Figure 19 - Fit Distribution Form > Other Settings Page

Parametric Bootstrapping of Distribution Parameters

Estimated distribution pa  rameters can be bootstrapped to obtain a range of poss ible values

given a confidence level. For distributions whose parameters are estimated numerically,
this is a very time -consuming process since for every simulation a new set of data is
sampled from th e fitted distribution and then the distribution is fit ted to the sampled data.

Confidence intervals are determined using the basic bootstrap method . Confidence intervals
are calculated as follows:

If we define delta as,

1 -2 — for i =1to N simulations

Then,
6 ¢ &€ "QQUME DIQL Ha * T h— 1 7

Where:
—QIMQI 0 "QAPOIADME Qo Qi
QMO E € 00 O i o ra'@® o Ma 6 & Mo Q¢ ¢
17 7 "QOMp ‘E 1 Q1D TEMOE € 00 0O QP '@Q

1% "Qb'm‘z AQl GOE BODEOE 0 o IQEPHEQ
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Some distributions have parameters that

val ues i n

the dat a.

are determined f
For t hese

rom the minimum and maximum
parameters, i

confidence interval. When bootstrapping is finished, the output form will show an interval

that is the same value as the

estimated parame

ter.

For example, if the triangular

distribution is fitted and the minimum data value is 5, then the confidence interval will be

shown as 5 -5. The table below shows the distributions

with parameters that will not be

bootstrapped.
Distribution Parameter
Triangular * Minimum
Maximum
Trapezoidal * Minimum
Maximum
PERT* Minimum
Maximum
Uniform Minimum
Maximum
Discrete Uniform Minimum
Maximum
Pareto Minimum (xm)
* There are some cases where the most likely parameter (1 and 2 for trapezoidal) i S
bootstrapped and the confidence interval is greater than maximum or less than minimum.
Refer to the potential errors section for more on this situation.
If a parameter is  fixed, the confidence interval will appear only as the fixed value. For
example, if the normal distribution is fitted and the mean is fixed at 10, then the confidence
interval will be shown as 10  -10.
Simulate p  -values
Goodness of fit statistics p-values can be bootstrapped through simulation. Simulating p -
values is avery time  -consum ing process that is a function of the number of simulations, the
number of data points, and the number of distributions to fit. It is advisable to narrow
down candidate dist ributions by fitting without simulating p -values first. Then the best
candi dp-vauéscan be simulated by refitting the distribution and simulating p  -values .
The p -value simulation process is as follows 2 Let F(U6) be the disthai
vector of estimated parémeliéers U6 = (UOd
1. The parametersofthedist r i buti on are estimated from the
2. The goodness offitstatistic ,Di s cal cul at andthaidata ng UO
3. Simulate :
Loop for x simulations
Generate asampleofs i ze n from the estimated di st
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Estimate the parameters of the sample and call gt)his F(U
Compute the test statistig) d using F
If d O D then

y=y+1

~ O

End If
Next
4. p-value =y/x

[2] Implemented per Ross, S. M., Simulation , 3™ Ed., Academic Press, 2002, pp. 208.

Simulations

The question as to how many simulations to run for parametric bootstrapping and p-value s

usually must be answered through experimentation. Gen
be run. An example of this process is to start with a few hundred simulations and repeat

the process by increasing simulations until the confidence interval or p-value stabilizes.

Distribution Fitting Results

Once the fitting process is complete the Distri bution Fit Results  window will appear.

Simulation Master uses  information criteria to provide a relativ e ranking of distribution fits.
The three information criteria are:

Bayesian Information Criterion (BIC)
Akaike Information Criterion (AIC)
Hannan -Quinn Information Criterion (HQIC)
A lower information criterion value indicates a better relative fit.

A given information criterion does not say anything about how well a distribution fits the

data, it is only used as a comparison relative to other candidate distributions. Information
criteria should not be the only factor in selecting a distribution. H ow well a distribution
matches the data statistics , how well the distribution fits the data visually , and goodness of

fit statistics are also import ant things to consider when selecting a distribution.

The upper left box of the Distribution Fit Results wi ndow lists the top three distributions for
each information criterion. They are sorted according to BIC. Clicking on each distribution
will show p arameters, statistics, and the data histogram with a curve of the fitted
distribution as an overlay.

Message s

The messages box will show i f an error occurred while
does not match the data. For example, if the data co ntains negative values and the gamma

distribution was selected for fitting, a message will appear that gamma is not supported <=

0.
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Parameters

The parameters box will show the estimated parameters for the selected distribution. If
parametric bootstrapping was performed, the confidence interval for each parameter will

also appear.

Goodness of Fit

If appropriate, goodness of fit statistics will be shown. The Anderson -Darling, Kolmogorov -
Smirnov, and Chi -Square goodness of fit statistics will be shown if cal culated. Simulation
Master will calculate a p  -value for selected GOF statistics by simulation if it was sel ected
prior to fitting. Note: Chi -square statisticand p  -value will not be calculated for less than ten

data points when the data is continuous

Distribution Fit Results x
Distribution BIC AIC HQIC Messages
Mermal 5049940 5048748 504018 Gamma: Mo support <=0
Logistic 50559.5 5054748  59551.81
Parameters Value 90% Cl
Mean 6833.0069  6728.709-6938.9992 00009
Std. Dev. 49063159  4838.768-4989.8343 o T
0.00008
0.00007 -
Goodness of Fit  Stat p-value =
AD 0.3062 0.56 E 0.00006 -
K-S 0.0136 -
Chi-Sq 53,4598 z 0.00005
5 0.00004 -
Statistic Dats Distribution -E 0.00003
Mean 6833.007  6833.007 &
Std. dev. 4907134 4906316 0.00002 -
Skewness 0.073 1]
Kurtosis 2.979 3 0.00001 -
Percentiles
15t -4432.99 -4580.791 p L —
5th -993.125 -1237.165 Mmoo w Mmoo W E - Moo T om Do
10th 470214 545,31 G-t udgo=sognzoiodan oy
25th 3566461 3523747 2REgoERIpgEeoEREn2g gz s
50th £752.431 £833.007 S o oo gdd389833 R84
75th 10121552 10142.267 Data Values
30th 13187.96 13120704
95th 14862.013  14903.178
99th 18543.531  18246.804
Create Report Write to Cell Close
Figure 20 - Distribution Fit Results
Statistics
The statistics box shows statisti cs for the data and statistics for the fitted distribution based
on the parameters in the parameters box. This is useful for comparing the actual d ata to

the distribution to see if the fit makes sense.

Histogram/Distribution Curve
A histogram of the data and a curve of the distribution with the fitted parameters allows for
a visual inspection of fit.
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Create Report

A fit report can be created in a new worksheet. The fit report includes data shown in the
Distribution Fit Results  form. You can also include histogram with fitted distribution overlay,
cumulative distribution, Q -Q, and P -P charts.

Write to Cell

A random variable formula can be inserted into the workbook using the Write to Cell  button.
The selected distributionés RV efes wilhbelirserted nntb the h e
selected cell.

Fit Reports
Fit reports can be created by clicking the Create Report button on the  Distribution Fit
Result s form. The following form will appear.

Fit Reports >
Select Distributions Charts
% Seiectail
& I v Histogram
Normal )
e W Cumulative
W Q-0
v p-p
Charts & Data Report Location
{+ Live charts with data (¥ This workbook
" Charts as images, no data " Mew workbook
OK Cancel

Figure 21 - Fit Reports Form

Sele ct Distributions
Select the distributions for which a report will be created. Each distribution will ha ve its
own report on separate worksheets.

Charts

Select the types of charts to include in the report. There are four chart types available:
Histogram A histogram of the data and the fitted distribution overlay. Both are
scaled by probability density.
Cumulative The data empirical cumulative distribution and fitted cumulative
distribution  curves are shown
Q-Q This plot shows empirical versus fitted guantiles.  Plotting position is
determined using  (k-0.5)/n where k is the kth position and n is the num ber of data
points.
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P-P This plot shows empirical probability versus fitted distribution probability.

Report Location
Reports can be created in the cur rent workbook or a new workbook.

Charts & Data
When charts are included, they can be of two forms:

Live charts with data. The report will include Excel charts with their associated

data in the report worksheet. This allows for customizing the charts to fit your needs
as well as seeing the data used to create the charts.

Charts as images, no data. The report charts are images and the data used to
create them is not saved.

Potential Errors

Fitting Error

Occasionally a distribution fit may not look correc t or you may get error messages in the
results form. The following are some potential errors t hat may occur. Errors are usually
the result of numerical instability, such as an overflow condition where numbers are larger

than Excel can handle.

Condition 1
I f a distributionds information criteria val ues
distribution curve does not come close to the data histogram, it is likely that an error

occurred during fitting.

In the example below, the extreme value ma ximum distribution is ranked as the best fit.
Its information criteria  are much less than the other distributions, but the distribution curve
does not fit the data. In fact, the gamma distribution is a better fit.

When the distribution curve does not ma tch the data, rerun the distribution fit tool with a
higher intensity setting . Ifthe errorco  ntinues, discard the poor fitting distribution.
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Distribution Fit Results *
Distribution BIC AlC HQIC Messages
Extreme Value Maximum 6481.03 6467.99 6472.56 H
Gamma 120666.68  120653.64  120658.21
Lognormal 12073546 12072243 12072699
Parameters
Mode 376706.0708 500 | - 6E-242
Beta 53634
- 5E-242
400 I
£
o - | 4E-242 ]
Statistic Data Distribution E 300 &
Mean 10022235  376709.167 g | ar =
Std, dev. 46048682 6879 g FM £
Skewness 1.065 1.14 w 200 1 B
Kurtosis 4.765 54 { - 2E-242 g
Percentiles
1st 27697.199 37669788 100 - | 1E-242
5th 40303.738  376700.136
10th 43022.067 376701598
25th 67312211 376704.319 D n e Mo m Mmoo~ o amerewo s O
50th 92356348  376708.037 SoeNeARARALARSSBRAERA
= | [ L] ~ = N o= =
T5th 125654575 376712753 gﬁ@ﬁ%gﬁﬁﬂﬁgﬂggaaﬁﬁﬁﬁ
90th 160080,593 376718.14 SRR RaoRMIEEERYsnRNTRE
95th 186846417 376722.001 Data Val
95th 245333749 376730.743 a Values
Write to Cell Close
Figure 22 - Example of Fitting Error (Condition 1)
Condition 2

If the information cr  iteria are much higher than other distributions and the shape of the

data histogram is similar to the distribution, there may have been a fitting error. The

example below shows that the extreme value maximum information criteria is mu ch higher
than the ot her distributions. Note that the overlay plot is barely visible in the lower right

corner of the histogram. Another indication of numerical problems is that there are error

messages thatthe A -D and K -S statistics could not be calcul ated.

Rerun the dist ribution fit tool with a higher intensity setting. If the error continues, discard
the poor fitting distribution.

Vortarus Technologies LLC 39



Distribution Fit Results

Distribution BIC AlC HQIC Messages

Legnormal 2417534 2416553 24169.26 Extrerne Value Maximurmn: Error calculating A-D statistic,
Extreme Value Minimum 24884.53 2487471  24878.44 Extreme Value Maxirmum: Error calculating K-5 statistic,

Extrerne Value Maximum

Parameters Value il
Mode JEAA52.2004
Beta 3.9837
0.00001
- - bl
Goodness of Fit Stat p-value £ 0.000008
A-D - =
K-5 ) &
Chi-5q 28569.038 - £ 0.000006
E
Statistic Data Distribution 2 000000
Mean 100384228 2688545 -
Std. dev. 46956.535  5.109
Skewness 1.156 114 0.000002
Kurtosis 5.02 5.4
Percentiles 0
15t 26843.8 268846.117
Sth 40556316  268847.829 S ELRESISREKLIAESEEZRE R
10th 48565596  268842.878 - A A = I R
25th 68291.827  268850.39% 208802 g it RREEMg IR g
50th 91550.011 26885366 mmw®od4 33y 3939 RAAMAEGAR
T5th 12579872 268857.164 Data Values
90th 159770.081  268861.165
95th 190590.227  268864.033
9gth 251426.913 263370526
Create Report Write to Cell Close
Figure 23 - Example of Fitting Error (Condition 2)
Parametric Bootstrapping Confidence Interval Issues

For the triangular, trapezoidal, and PERT distributions the minimum and maximum
parameters are estimated from the data and cannot be bootstrapped. Hence, they are fixed
and have no confidence interval. However, t he most likely parameters can be bootstrapped

When the most likely parameter is the same as the minimum or maximum, there will be an
issue with the confidence interval due to the way the interval is calculated. Consider the
example below where a triangular distributio n is fitted to some data.

Vortarus Technologies LLC

40



Distribution Fit Results

Distribution BIC AlC HQIC Messages
Triangular 1120456 1118776 1119393
Parameters Value Q0% CI
Minimum 10.5939 10.5939-10.5939
Mast Likely 29,9363 29.937-29,9973 01
Maximum 29,5263 29,9868-29,9262
Goodness of Fit  Stat p-value . o.ce
A-D 21138 - =
K-5 o227 - H
Chi-sg 50.041 - 8 0.06
-
=
- N -]
Statistic Data Distribution 8 0.04
Mean 23,341 23,523 =
Std. dev. 4702 4.571 =
Skewness -0.584 0,887
Kurtosis 2,406 24 0.02
Percentiles
1st 12.219 12.533
Sth 14.284 14,83 o B -
10th 16.003 16.726
25th 20,137 20.29 mmBEEBEL A0 ES=SRARAAR
S0th 24171 24,307 S SN 323YSS5833RAANENARLAEA
T5th 27.281 27.389 Data Values
S0th 28.838 28.992
S5th 25413 25,4596
S8th 29,926 28,89
Create Report Write to Cell Close

In this example, most likely has the same estimated value as maximum.
the upper limit of the 90% confidence interval for most likely is greater tha
This is the result of h

method.

Figure 24 - Confidence Interval Issue

As shown above,
n maximum.

ow the confidence interval is calculated using the basic bootstrap

If you are fitting a triangular, trapezoidal, or PERT distribution and the most likely

parameter is very close to either the minimum or maximum t his situation can  occur, and
confid ence intervals should be treated as suspect.
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Chapter5 1 Copula Fitting

Bivariate copulas can be fitted to the correlation structure between two sets of data with the
copula fitting tool.

Fit Copula

Ribbon>Simulation  Master tab> Fit Copula button

® & = Books - Excel 2 Search Sign in Ea = ]
File Home Insert Page Layout Formulas Data Review View Developer Help Power Pivot Simulation Master 15 Share - Comments
: o i Risk Register Report = 25 Color Inputs & Update Links
v - 0 & = W BETe | T o pae ;
= 3 = Risk Rank Report & Clear Color Inputs [l Help
Fit Fit  Fit Time Time Series Run Model Rank Order Copula Existing Correlation Scatter Risk 'I Function Special
Distribution Copula Series  Analysis Simulation Functions ~ Correlation ~ Simulation Report  Plots Register L Heat Map Swap Tools~ OFAT Analysis ﬂ About
Fitting Simulation Carrelation Reports Risk Register Utilities ~
W7 57 ke -
A B c D E F G H 1 J | K | L | M | N | O | P | Q@ | R | s |=

Sheet1 ® “ 3

Caleulate B m - 1 + 100%

Clicking the Fit Copula button on the ribbon will show the Fit Copula form.

Fit Copula *

— Variable 1 Data to Fit — Copulas to Fit

J [~ Select all

Clayton 1
Clayton 2
Clayton 3
Clayton 4
Frank 1
Frank 2
Gumbel 1
Gumbel 2
Gumbel 3
Gumbel 4
FGM 1
FGM 2

— Variable 2 Data to Fit

— Intensity

I MNaormal j

Help | Fit Data Cancel

Figure 25 - Fit Copula Form

|
a]a[s[s]u[s]s]s[s]s]s]s

Variable 1 Data to Fit
Select or enter the cell range where the data for variable 1 resides. A minimum of four data
points must be selected.
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Variable 2 Data to Fit
Select or enter the cell range where the data for variable 2 resides. A minimum of four data
points must be selected.

Intensity

Copulas are fitted by numerically finding th e maximum likelihood. This is an iterative
process. The intensity adjustment will decrease or increase how long the software will
search for a solution.

Copulas to Fit
Select any copulas in the list that the software should attempt to fit.

Copula Fitting Results
Once the fitting process is comple te the Copula Fit Results window will appear.

Simulation Master uses information criteria to provide a relative ranking of copula fits. The
three information criteria are:

Bayesian Information Criterion (BIC)
Akaike Information Criterion (AIC)
Hannan -Quinn Information Criterion (HQIC)
A lower information criterion value indicates a better relative fit.

A given information criterion does not say anything about how well a copula fits the data, it
is only used as a comparison relative to other candidate copulas .

The upper box of the Copula Fit Results window lists the top three copulas for each
informati on criterion. They are sorted according to BIC. The second box shows the
estimated alpha parameter for each copula.
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Copula Fit Results x

Copula BIC AlC HQIC
Gumbel 4 29 0.3 1.3
Clayton 1 29 0.3 14
FGM 1 3.1 0.4 1.3

Copula Alpha
Gumbel 4 1.09171
Clayton 1 0.17302
FGM 1 0.38838

Messages

Create Report Write to Cells Close

Figure 26 - Copula Fit Results Form

Create Report
A fit report can be created in a new worksheet. The fit re port includes data shown in the
Copula Fit Results form.

Write to Cells

Copula functions can be inserted into the workbook using the Write to Cell s button. You will
be prompted to select the upper left cell where the copula functions will reside. Once the

copula functions are entered in the cells, they can be moved as needed if their relative

references are held.

Copula Types

Simulation Master can fit four Archimedean copula types: Clayton, Frank, Gumbel, and
Farlie - Gumbe |-Morgenstern (FGM). The number at the end of each copula shown in the list
refers to the direction of correlation. Clayton and Gumbel copulas can have four possible
directions.  The Frank and FGM copulas are symmetrical, and therefore only require two
directions.

Examples of Clayton copula directions are shown below. To see the correlation structure
and direction, use the copula tool and select a copula. An example plot of th e correlation
and direction will appear.
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Figure 28 i Clayton 2

Figure 29 i Clayton 3
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