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Crystal Ball Modeling

* Reduce complexity and increase standardization
* Increase forecast accuracy & consistency of data

* Gain 1nsight to key drivers through sensitivity
analysis

* Move from data manipulation to improving business
processes

Create Model Perform Communicate
Inputs Analysis Results

Access Data ——>

Tianyang Wang FRM 670



a4
Launching Crystal Ball

=~ Crystal Ball Application Manager i ] 4

— Launch automatically with MS Excel after Crystal I
—Launching Crystal Bal
Ball IIlStaHathIl ¥ ‘when starting Microsoft Excel, automatically launch Crystal Bal

* Start>Programs>Oracle Crystal Ball
>Applicati0n Manager —Microsoft MET Framework 'Wersion

" Usze Microzoft MET Framework 2.0, 3.0, or 35 [Fecommended)
* Check the Crystal Ball box € Dot speciy aversien
- Start Manually a4 I LCancel

e Start menu

When launching Crestal Ball fronn the Start menu, start

Crystal Campbell

* Crystal Ball Grns | e

Internet Expl
3 My Pictures
ﬁ Acrobat 6.0
j My Music

:‘)—_‘ E-mail S

Microsoft Office Outiook 5! My Computer
Excel 2003 "g My Network Places
@l PowerPoint 2003 B’ il

| Connect Te 3
(58] ora 0 «

;;‘é Printers and Faxes

Application Manager )
9_) Help and Support
‘ ) Crystai 8all # s

e Snaglt i) Some items cannot be shown
There is how all the items you have ac
To displ e smaller menu icons, choose
Licenst items, or unpin some items.
=

] urdock computer [BB]1og 0 [@] stutDown
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a4
Launching Crystal Ball

Excel Ribbon Simulation controls OptQuest (optimization),
and other run preferences Predictor (time series)
and other analysis tools

N\ /

I aed
y Home Insert Page Layout Farmulas Data Reviews i ey Developer Crystal Ball

AT PRUNTT SFH @ @RI

F'aste u] Freeze Trials:
[efine Define  Define < Start  Stop Reset  Step Wiew  Create Extract | OptQuest Predictor More
Szsumption = Decision  Forecast 0 Clear @CE” Prefs D save of Restore ™ || chars ~ Report~  Data Tools = OAhUUt
Define Rut Analyze Tools Help
Define and manage Charts, reports, Help, examples guide,
model inputs and outputs and data extraction and documentation
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- Colorado State University

Basic Terminology

Crystal Ball Term Common Names

Assumption Input, X, independent variable, random
Lﬁ variable, probability distribution

Decision Variable Controlled variable

@

Forecast Mﬁl Output, Y, f(X), dependent variable
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T s univeni

LLoan Process

* 6 steps 1n a loan process
* The average cycle time 1s 91 hours

* Performance target 1s 96 hours

Step 1 Step 2 Step 3 Step4 Step 5 Step 6
Customer Loan .| Document o Loan Loan N Loan
Inquiry : Application " Verification "| Underwriting : Closing "| Disburse

1 hour 24 hours 29 hours 5 hours 16 hours 16 hours

Performance Target: m
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LLoan Process

Performance target 1s 96 hours — what should we do?

Choice 1: Nothing — the average (91 hours) gives us all the

information we need.

Choice 2: Investigate the uncertainty around the inputs
(process steps) — and analyze the effect on the output (cycle

time)
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LLoan Process

* In this example, we have the average completion time for each
process step. Instead of using the average, let’s define a

distribution of completion times.

e The distribution you choose can be based on the underlying
nature of the process, historical information, expert opinion, or
an educated estimate. In this example we are given the

distribution and related parameters.

Marmal Triangular

nifar Lognarma |
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LLoan Process
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Example: Create Crystal Ball assumption for Customer Inquiry

1. Select the cell that will be your
assumption

Process Simulated

Step Cycle Assumption Parameters

1 0.25 lognormal (mean, st dev)

2. Click on the ‘Define Assumption’ button on
the toolbar or ribbon, or select it from the
‘Define’ menu

efine Define

Assumption ecision Forecast

Define

~—"Excel 2007

Define Assumption...

® Define Dedision. ..
W Define Forecast...

m Select All Assumptions

@ Select All Decdsions

ﬂ Select All Forecasts
Select...

Freeze...

¢y CopyData
¢} Past=Data
(/| Clear Data...

Tianyan

Cell Preferences. ..




Example: Create Crystal Ball assumption for Customer Inquiry

— Crystal Ball assumption for cell C14: lognormal (1,.25)
3 . SeleCt Edit \jew. Cai_:egori‘eS‘ = i 2 e / E m

h A ~ prameters  Preferences  Help
the i =
Al .
= Step 1: Customer Ingui S -
. 1‘—’|f Uniform = i ITI ) = ﬂ

lognormal | &
distributio |,
n from the
gallery

Lognormal Distribution

4. Enter a descriptive name and values for
the distribution parameters
suggestion: use cell referencing for the
name and parameters Tianyang Wang FRM 670



Example: Create Crystal Ball assumption for Customer Inquiry

— Crystal Ball assumption for cell C14: lognormal
(1,.25)

— When an assumption has been defined, Crystal Ball
assigns the cell a green background

Process Simulated
Step Cycle Assumption Parameters

Step 1: _ 1 0.25 lognormal (mean, st dev)

— Or, use Crystal Ball Function: cb.lognormal (1, .25)
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Create Crystal Ball assumptions for remaining loan process steps

— Create assumptions for the remaining steps using the
distributions and parameters listed in the
‘Assumptions Parameters’ section of the spreadsheet

Assumption Parametey(_\

8 24 40 triangular (min, likely max
16 32 80% | custom (two conditions)
32 48 20%

1 8 uniform (min, max)

(fit to data on Data tab)
16 4 rmal (mean, st dev)
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Create a Crystal Ball forecast for Cycle Time
1. Select the cell that will be your forecast

e

Colorado State University

Cycle
26 Time 91 |
2. Click on the ‘Define Forecast’ button on the T [y —
toolbar or ribbon, or select it from the ‘Define’ @, _Define Decsion..
CE Define Forecast...
S ==
FEMPICE T2y R WY T EEE AEI0Y) L D
NS - :@-’ Select All Dedisions
ﬁ Select All Forecasts
Select...
Freeze...
A Yk -
Define Defin Define L&) PasteData
Assumption = Dedisi Faorecast 0 Clear Data. ..
DEﬁnE% Cell Preferences...
Excel W | '

Tianyang Wang
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U OclrxdoStsUriversity

Create a Crystal Ball forecast for Cycle Time

— Crystal Ball forecast for cell C26 [ReliiusEitait

3. Enter a descriptive - BT = Y
name for the Uris: | g
forecast. OK_ | Cercel | Heb |

suggestion: use cell
referencing for the

|£ Define Assumption. ..
n a m e @ Define ge::isi;. -
4. If you want to clear Crystal g Defoerecst.
. . e Select All Assumptions
Ball information from a cell, & setect Al Decsors
USe ‘Clear Data, ﬁ Select All Forecasts
: T Select...
5Lﬂ.®Hﬁ|ﬁ@g_ﬂ_l@@lP Wb Al & &S ‘-E:i?|@|®! Freeze...
EXCGI 2007 4y Copy Data
u ® m ey Copy ¢} PasteData
LRt &/ dearpata... )
efine efine efine c~————————————
lAssEmfptin:nn - DE;n:rsi-:nn F?:nr:;n:ast Cell Preferences...
Crefine 2
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a|aeELs
Run the model!

e Set the number of trials to 5000 in the ‘Trials’ tab of the Run

Preferences dialog — on the toolbar or in the ‘Run’ menu.
18 ® ik | S 0 Do(E)P MU S AbsS FEIBS D]

Run Preferences [Zl

l Sampling ] SpeetNOptions ] Statistics ]

b Continue Simulation

ﬂﬂ Reset Simulation
Mumber of trials to run:
I’ Single Step

= )
OptQuest [+ Stop on calculation errors

A . i > H W I

Start  Sto Reset  Ste
o P 4

Tools 9 Confidence level:

[ Run

Save Results...

Restore Results. ..
/
@ Run Preferences. .. \)

— [ ok | concel | Defauis. | hHep |
e (Click on the ‘Start St mulation’ button.

W44 b

Stop  Reset  Step

Fun

YW EF Tl LT Y CYYEL I L.
N’
Tianyang Wang FRM 670



View the forecast results

* View the forecast output

* Are your results different? Why?

* How often did you exceed your target?

* What was the mean cycle time and standard deviation?

Forecast: Cycle Time

Edit View Forecast FPreferences Help
5,000 Trials Split View 4,978 Displayed
Cycle Time Statistic | Forecast values
Trizls 5,000
0.07 Mean a9
Median 22
0.06 Maode —
Standard Deviation 12
e LS Wariance 140
g 0.04 Skewn.ess 02235
_g Kurtosis 250
fD 003 - Coeff. of Variahility 01328
Minimum A3
0.02 + Maximum 136
0.01 4 Mean Std. Error 0
0.00
B0 70 80 90 100 110 120
[» |95 Certainty: |26.51 % 4 IInﬁn'rt'_.r .
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Colorado State University

View the forecast Statistics

1 Runs
2 Mean
3 Median
4 Mode
5 Std. Dev.
6 Variance ro Define Forecast: Cell C7 | 8 |
7 Skewness
8 Kurtosis Name: C7 X @&
9 CcV Units: ?
10 Minimum
| Forecast Window | Precision I Filter | Auto Bxtract
11 Maximum
12 Range ?;r:&ﬁ:zc:igstatistim automatically to your spreadsheet when the
13 MSE [ Forscast Name " Starting cell:
O Trals b {e.g. A1)
. D Mean + )
e Method 1: Auto Extract 0] Vodn Fomattng
O Mode c Include labels
E Std. Devigtion MutoFormat
Wariance
O skewness
O Kurtosis - Direction
O Coeff. of Variability i@ Fill downward
O Minimum & Fi .
= - () Fill to the right
[ OK || Cancel || ApplyTo.. || Defaults.. || Help
* Method 2: CB.GetForeStatFN(Cell, Argument)
Tianyang Wang FRM 670



as A
View the sensitivity results

* View the sensitivity chart (from the forecast
window... Forecast menu > Sensitivity chart)

* Which of the six steps most affects the variation of

Cycle Time? : - e
. . Edit View Sensitivity FPreferences Help
* [s one assumption dominant?| seor Contibuton o Verance View
Sensitivity: Cycle Time
0.0% 11.0% 220% 330%m H0%
Step 3: Document Verification | | I |
Step 2: Loan Application
Step 5: Loan Closing

Step 6 Loan Disburse 11.3%
Step 4: Loan Underwriting zie

Step 1: Customer Inquiry | 0.0%




m

View Add-Ins Acrobat Risk Solver Platform

T EE & A

Create Extract | OptQuest Predictor| More
Report~ Data

General Tools

% Batch Fit
| =
Bootstrap

Correlation Matrix

Charts

Data Analysis

Decision Table

Scenario Analysis

Tornado Chart

&
E
4

2D Simulation

Integration Tools

Enterprise Performance Management

", Strategic Finance
F A

Utilities

@ Compare Run Modes

Crystal Ball

@Help

I_[ Resources =

(O Abaut

View the sensitiv

Colorado State University

Specify target (step 1 of 3) |

i}y results

Specify input variables (step 2 of 3}

‘ Tornado Chart I

Measure the sensitivity of each assumption or
variable individually to a specific target cell.

| Tornado Chart |

Use the buttons to add or remove assumptions,

Help - . .
Please select the target forecast from the list decdision variables, and precedents to the list:
Cyde Time -
Input variables
N 0 Step 1: Customer Inguir - ’ Add Assumptions
Step 2@ Loan Application
Step 3: Document Verification [ Add Dedsion Variables
Step 4: Loan Underwriting
Step 5; Loan Closing [ Add Precedents
Step 6: Loan Disburse
- ’ Add Range
Or enter the target cell ’ Remave
'[Loan Process Solution. xls]Model1$C526 i ’
— Remove Al

. [

Gl " Bloset ]

Specify options (step 3 of 3)

‘ Tormado Chart |

Tornado Input

Testing range

FTT - |

-

Testing points 5 =

For Base Case
() Use existing cell values

@ Use median values

Era .

Tornade Method
(@ Percentiles of the variables

() Percentage deviations

Tornado Output
Tornado chart
Spider chart
Show 20 top variables
l Cancel l l Help




View the sensitivity results

Cycle Time

e Tornado Chart

70

80 90 100
3 10'87 _ 21'13 .Serie51

32.84

M Series2

4 11 21

0.71 ! 1.33
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View the sensitivity results

Cycle Time
105

Spider Ghart

100

95
=4=—_Series
== Series2
90 |
=—pr=Series3
Series4
== Series5
85 :
—=@=—_Secries6

80

75 : : :
100.0% 200.0% 300.0% 400.0% 500.0%

Percentiles of the variables
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Summary

* Traditional spreadsheets, using estimates or averages, do not
account for the variability that often occurs in problems we try

to model.

* Monte Carlo simulation with Crystal Ball allows you to use
ranges of mputs to explore the range of possible outcomes and
the probability of their occurrence.

Hormal
'\ 1,500 Trials Frequency View 1,488 Displayed
Sy
- ni=
Uniform ) Total Saving
A
_ .
~ |
s
s
_ 5 2 "3
Triangular / w = k!
& z g
[ 5 03
i o
18] 20
Exponential & ode,
. (9,542,870 8 5,542, 19,085 741
| ql512.525.000 Certainty: [21.18 % 4 [ifinity
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_ ‘ Colorado State University

Cartoon

@ Original Artist A e

Fe prud&ctrhj_nﬂghtsahta'inahle from = W —

worwy, CarntaonStockicom 1M ATRAID HE CANT COME To
THE PHOME, HES IN THE MiDOLE Deals |
OF A MONTE CARLO SIMULATION DEFﬂTtII'.IETllZ
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