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Introduction

The purpose of this paper is to give a short introduction on how to use Decisioneering Inc’s Crystal Ball
with Invest for Excel. The simulation example explained here is very basic and does not utilize all of the
many possibilities of Crystal Ball. The method should however apply to most of the simulations of
Crystal Ball.

Step 1: Build a model

Here is an example of a simple investment calculation:

INVESTMENTS (-) / REALIZATIONS (+) -
1000 Eur HES 112005 122005 1212006 12/2007 122008 1212009 Residual

Months per interval Depr -% 12 12 12 12 12 (1252009
1 15,00% -100 oo 25 000
[_] Depreciation (straight ling) =15 000 =15 000 -15 000 -15 000 -15 000
Boaok value 100 000 a 00n 70000 a3 000 40000 23000 a
Boaok value 100 000 a 00n 70000 a3 000 40000 23000 a
Sz el z]
PROFIT CALCULATION
| 1000 Eur BRES ' | 12005 12/2005 12/2006 122007 1212008 12/2009 Residual
Months per interval 12 12 12 12 12 [122009)
E] Sales I + j 40000 40 800 41 B8 42 448 43 297 0
+ | Sales unitz 1000 1000 1000 1 000 1 000
* Income per unit 40,00 40,80 41 B2 42 45 43,30
Income 40 000 40 §00 M 616 42 445 43 297 ]
Wariahle costs -2 000 -2 030 -2 060 -2091 -2123 1]
[E] Raw materialz and consumables -2 000 -2 030 -2 060 -2091 -2123 a
+ [ Zales units 1000 1000 1000 1 000 1000
* Cost of sales per unit -2,00 =203 =206 -2,09 -212
Gross margin 36 000 38 TT0 39 556 40 357 N 175 0
Fixed costs -10 000 -10100 -1020 -10 303 -10 406 a
E] Fixed costs -10 000 -10100 -102m -10303 -10 406
EBITDA; Operating income before depreciation 28 000 28 670 29 355 30054 30 769 0
Deprecistion 0 -15 000 =15 000 -15 000 -15 000 -15 000 0
EBIT; Operating income 0 13 000 13 670 14 355 15 054 15 769 0
Incoine ta 0 -3 30 -3 aad i -3 814 -4 100 0
Het income for the period 1] 9 620 10 116 10 622 11140 11 669 1]
Het Present Yalue (HPY) 15 611

Step 2: Identify uncertain variables

In the example we assume that the investment payment is fixed, so the uncertain variables are:

- Sales units

- Income per unit

- Cost of sales per unit
- Fixed costs
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Step 3: Define assumptions for uncertain variables

Before defining assumptions for Crystal Ball simulation, it may be wise to store the file with a new name,
so that the original model stays intact.

Since Invest for Excels “Calculations” sheet is locked, we need to insert a new worksheet (here called
“CrystalBall”) and prepare the model for use with Crystal Ball:

Ed Invest for Excel - InvfileCBModel2.xls -0 x|
J File Imput Result Analysis Format Other ‘Window Help -7 x|
ID2E SRRY - = | @aD 26 "%%% % 2
| Al -0 -|BZUEE=EEP E DA K2
o @wABi hdke B P ECD|[aiass: BB
3 | =| 1000
A B | ¢ | o | E [ F | & [T

- 2]
2 Input 1272005 12020060 1202007 12520080 1252008

3 males units | 1 I:IEIEI! 1000 1000 1000 1000

4 Incorme per unit 40,00 40,80 41 B2 42 45 43,30

5 Cost of sales per unit -2.00 -203 -2 06 -208 212

] Fixed costs 0000 101000 10201 -10 303
HT| 4 [» (% Basic values £ Calculations ' CrystalBall ¢ Result | 4|

| Draw - [y NNOOCEJ4E - 2-A-==8
Ready | | | o |

Texts and values for the uncertain variable cells have been copied to the “CrystalBall” sheet. Next we
need to create references from the “Calculations” sheet to the “CrystalBall” sheet:

Ed Invest for Excel - InvfileCBModel2.xls - |D|E|
J File Input Result @nalysis Format oOther Window Help _||5’|£|
DGR B o~ |@ad ?Js‘:ﬁl%%%m%
J.ﬁ.nal - & u R, i - >>JK,£1?;¥ =
JLf;@L AR ke B> E«D BB ®

vx\;_|_
7]

ESEAr

INVESTMENTS (-} f REALIZATIONS {+)

1000 Eur [ 1/2005 122005 12/2006
Morths per irterval

+ Sales units
*

Income per unit

e nmee AN

14 | 4 |» [p1]%, Basic values ' Calculations ; CrystalBal / Result | 4]

| oraw = 12 ¢ L NOCEA4@|>-L-A-
Enter || | | | |

N
|
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Ed Invest for Excel - InvfileCBModel2.xls - 10| x|
J File Input Result Analvsis Format Other Window Help -|I5’|E|
D EH SRR o= | @egn 28 =% %% 2
| aia - B ===F|F|s|z-2-A-24%
by & by | i 63 hlal@ PEUD | AiiadE BR3P
SUM |»| X / =| =CrystalBalllC3|
A B | ¢ [ o | E | F | G |
1
2 Input 120005 1272006 122007 127008 12/2009
3 Sales units ;____1_EI_III_III; 1 000 1 000 1 000 1 000
4 Income per unit 40,00 40 80 41 B2 42 45 43,30
5 Cost of sales per unit =200 -203 -2 0B -209 212
5 Fixed costs 100000 101000 102010 -10 303
HT| 4 [» [wI[%, Basic Values f Calculations % CrystalBall ¢ Result |4 |
JDran \\DDE‘@|& A=
Paint | | ] [
Ed Invest for Excel - InvfileCBModel2.xls -0 x|
E] File Input Result g F Other i/ H =181
D e ad o-o = @@ 2&"%%% % 2
| aral SIE U|l=E==8|F|E|a-2-A- 2|42
|la®u|ABm ke B PECD aiiadF BHR D
H265 M| =| =CrystalBalllC3
S |a|ne| @ | |
INVESTMENTS (-} / REALIZATIONS {+)
1000 Eur B ER 112005 1272005 12/2006

Maonths per irterval

+ Sales units

* Income per unit

e e
|4 |4 | » [ w5 Basic values ' Calculations § CrystalBal £ Result | 4]

J Draw -

\wOCcE4@| -

Feady

L -
|

Repeat this for each uncertain cell. Copy and fill functions can also be used.

Open Crystal Ball if it is not open at this stage.
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Define assumptions for uncertain variables by activating each cell and pressing the Crystal Ball “Define
assumptions...” button:

Ed Invest for Excel - InvfileCEModel3.xls -0 x|
J File Edit Njew Insert Format Tools Data window Define Run  Analyze Invest Help = |I5’|£|
D2EHagly bRt o-o- @z s tlaeD? a2
J.ﬁ.rlal - 10 = BIQ|§§E _T&vévfjéﬁ}:
JJ@l_la@,-ﬂ_: AvasdF BER G
N -l =| 1000

DeFlnel.C:.ssumFtu:un| B | C I D | E | F | G | En

1

2 Input 12020050 1220060 122007 12720080 12522009

3 Sales units I 1 DDD! 1000 1000 1000 1000

4 Incorme per unit 40,00 40 80 41 B2 42 45 43 30

o] Cost of sales per unit -2,00 -203 -2 0B -209 212

B Fized costs 10000 101000 -10 201 -10 303
I:l 4 [» (%, Basic values £ Calculations 3 CrystalBall / Result | 4|
| praw - NNOOCEHA4EF > -L-A ==

Ready | | | [ [

As an example we define sales units for period 12/2005 to be triangular distributed with a minimum of 0,
a likeliest value of 1000 a maximum of 2000:

1, Define Assumption: Cell C3 ;IEIEI

Edit Mjew Parameters Preferences Help

Marme: ISaIesunits ? E

Triangular Distribution

FProbahility

300 930 gE0 390 1,020 1,050 1,030

Minimuml[l EF LikeliestlLDDD ET Ma:-:imumlEElElﬂ EF
ok | LCancel | Enter I Gallery | Correlate. .. | Help |
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The assumption shows as a green cell (or selected other color):

Ed Invest for Excel - InvfileCEModel3.xls -0 x|
J File Edit Yew Insert Format Tools Data window Define Run  Analyze Invest Help = |I5’| El
D2EHaglRy bRt o-o- @z s tlaeR? a2
| aria -0 -|BrUEE=EEP E AR
[la@ ARk Bk B PECD | ajladE BB O

3 | =| 1000
A B . ¢ | o [ E [ F | &6 |+

- =

2 Input 1202005 1242006 1242007 1220080 1272009

3 Sales units | toeal 1000 1000 1000 1000

4 Incorme per unit 40,00 40 80 41 B2 42 45 43 30

o] Cost of sales per unit -2,00 -203 -2 0B -209 212

& Fixed costs 100000 101000 102010 -10 303
I:l 4 [» (%, Basic values £ Calculations 3 CrystalBall / Result | 4|
| Draw - NNOOCEHJ4E|>-2-A-==

Ready | | | [ [

Prepare distributions for each uncertain cell in the “CrystalBall” sheet in the same manner. Refer to
Crystal Ball documentation for possibilities in defining assumptions. All the cells in the Input part of the
“CrystalBall” sheet should be marked as assumptions when you’re ready:

Ed Invest for Excel - InvfileCBModel3.xls -0 x|
J File Edit Miew Insert Format Tools Data Window Define Run Analyze Inwest Help = |I5’|£|
DzESEGRY 4R o g i 22|32
J.ﬁ.rlal - 10 = BIH|§§§|E|£__§ _*&*é'?Jﬁ{?
la & i | 70 i i Aflasd FIBRG
S | =| =ResultPY
A B | ¢ | b [ E | F [ 6 [T

1 =
2 Input 1202005 12020060 12022007 12020080 1252009

3 males units

4 Incorme per unit

5 Cost of sales per unit

] Fixed costs

=
|44 [» [w[% Basic values £ Calculations ' CrystalBall / Result | 4|

| ra - \NOCEJ4E| > - L-A-==
fizacy i I
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Step 4: Define forecast elements

Next forecast elements should be defined. In this example we use only NPV as forecast element. Since
the NPV formula on the Result sheet of the investment calculation is locked, we prepare an output cell in
the added “CrystalBall” sheet and create a reference to the NPV cell on the Result sheet:

Ed Invest for Excel - InvfileCEModel3.xls -0l x|
J File Edit Yew Insert Format Tools Data window Define Run  Analyze Invest Help -|5|£|
IDeHi SRk BRY| o-c- @2 42| MB0 I 2
[l & b | ¥ 3 i | By B @ Al acds BR|G
SUIM =X+ ==
A B - c | b | E F | 6 |=
- ]
2 Input 1272005 12020060 1202007 12520080 1252008
3 males units
4 Incorme per unit
5 Cost of sales per unit
B Fixed costs
7
& Qutput
:El MY I= _l
I4 |4 » [m]{ Calculations % CrystalBall § Result § analysis 7 | 4]
Ready | | [ | |

Ed Invest for Excel -

InvfileCBModel3.xls

J Eile Edit Wew Insert Format Tools Data Window Cefine Bun  Analvee Iowest Help -|5’|£|

| O e | 2

=N = AR

%zﬁﬂ&@@”m =

[l & o | 7 & i

el W

AdF BR

suM |~ X o/ =| =ResultNFY]

;J Required rate of return 900 %

[ R Calculation term 50

— Calculation point 112004

Y

p— Presentvalue of business cash flows |l [

? + P of operative cash flow 99 363

+ PV ofresidual value 16 248

Fresentwalue of business cash flows 115611

Investment proposal Hominal P
- Proposed investments in assets =100 000 =100 000
+ Investment subventions ] ]
[mvestiment proposal =100 000 =100 000

- Presentvalue of reinvestments (maintenance etc)

Het Present Yalue (NPW)

N s e eemetbalu s i

FIRr Calculatn:nns £ CrystalBal 5 Result / Analysis /| 4]

Ready
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Note that this preparation of the “CrystalBall” sheet was done in an opposite manner compared to

preparing assumptions.

Next we define this cell in the Crystal Ball sheet as forecast by selecting it and pressing the Crystal Ball

“Define forecast” button:

Ed Invest For Excel - InvfileCBModel3.xls

J File \Edit Wiew Insert Format Tools Daka Window Define Run  Analyze Invest Help -|5’|£|

=10l x|

DegagRmad| o «-

ez AtllHD 76 2

Ju@@mg@aﬁ; it @ B > W« Db

Alhaid F BER @

3 Define Forecast =| =ResulthPY
A—T— 8 [ ¢ [ o [ E T F [ & [J
1
2 Input 1202005 1220060 1202007 120200380 1242009
3 Sales units
4 Incorme per unit
] Cost of sales per unit
] Fixed costs
7
5 Output
) M P I 15 61 1!
i | 4 [» |7 Calculations 3 CrystalBall / Result 7 Analysis 7 |4
Ready I | I | O
x
Mame: NPy EF E
(W[TIES |=Eurren-:_u y
ok I LCancel | Help |
The cell is marked as forecast cell when you press “OK”:
Ed Invest for Excel - InvfileCBModel3.xls =10 x|

J File Edit Wiew Insert Format Tools Data Window Define Run  Analvze Inwest Help -|5’|5|

Dzdae @l 2Rt o o

ez AtlBeQ 7da 2

[la &b | AR L GDEe B> E«D

Allvaied F BR®

o | =| =ResultNPv
A B ¢ [ o | E [ F 1
7
o Qutput
19D NP I 15 E1 1!
|4 [ 4 [» [p[%, Basic values / Calculations % CrystalBall & Fesu | 4 |
Ready || | | | | | |
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Step 5: Define run preferences and run simulation

In this example we run the simulation 500 iterations to get an adequate distribution of NPVs for assessing

the risk involved. This is defined in the “Run preferences” window that can be opened by pressing the

Crystal Ball “Run preferences” button:

Ed Invest for Excel - InvhileCBModel3.xls
|E File Edit Wiew Insert Fox

at Tools Data Window Define Run  Analvee Invest Help

=10l x|
=18 x|

IER=T = FENP= T

]

ol -

L

%

= A |G DYam 2

[l & b | 7% & i | By i @

B m«bh

Al ¥ BR@

g |

[ & [

=]

=| =ResulthPY o preferences |

E [ E [ i =

Set number of trials, switch speed to “normal” and suppress chart windows:

x x
T”El|3 ________ | Samplingl Speedl Dptiu:unsl Statisticsl Trials I Sampling Speed | Dptiu:unsl Statisticsl
_ S0l —Fun mode
Hurnber of trials ta e " Exhieme speed
v Optionz. . |
¥ Stop on calculation emars Loualpeed el
i~ Demo speed
¥ Stop when precizsion cortral limits are reached
Confidence |evel |E|5 ¥ ~ Chart windows
i~ Bedraw eveny: IEI.E zeconds
% Suppress chart windows [fastest]
| ok I Cancel Defaults. .. Help | ok I Cancel Defaults... Help
Start the simulation by pressing the “Start Simulation” button:
Ed Invest for Excel - InvfileCBModel3.xzls =10 x|
J File Edit Miew Insert Format Tools Data wWindow Define Bun  Analyze Inwest Help = |5’|£|
JD@H|§@. BRC oo | @ = A %l|ﬂg®?Jﬁ|"ﬁ z
[l @u|ABiRk Do B PE D ailiad s BHR®
Cd j =| =ResultrFY Skart Simulation | —
A B | I F | & [
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A progress bar will show how the simulation proceeds:

[

Run Analyze Help

Funning simulation... M

ARRRRREENR
1] Total trialz: 174 a00

S T

Note that the simulation can take several minutes. The time and other info is shown in the expanded view
of control panel:

kY

Bun Analyze Help

. . oy
simulation complete d
1] Tatal trialz: 500 A00
Statiztics |
Run gtatistics:

Tatal rnning time [zeconds) 143.89

Tnalz/zecond [average] 3

F andom numbers generateddzecond B9

Cryztal Ball data:

Azzumplions 20
Corelations ]
Carrelation groups 0

Decizion vanables 0

Forecasts 1
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Step 6: Interpret the result of the simulation

A Crystal Ball simulation holds a lot of useful information about the risk involved in the model. We can,
for example, take a look at the forecast chart of NPV:

E;Enntrnl Panel

Bun | Analyze Help
=
+

Assumption Charts...

Forecast Charts...

Crverlay Charts, ..
Trend Charts. ..
Sensitivity Charts, .,

s
"

Cascade
Close All

Ste%

Create Report. ..

@

Extrack Daka, ..

Save Resuls, .
Restore Resulks, .,

E;Furecast Charts

Chooze forecast chartz to Open or Close:

—

Wiew: =%

% Select;

Ll

ElDIE:I Current Fesults
ElDI:I Forecasts
EIDI:l [rrefilCB M odel3. =l

=00 CrystalBal

=10l %]

Cloze

The forecast chart shows a histogram of this simulation:

E:Furecast: NPY

Edit
B00 Trials

Miew Forecast  Preferences

Help

Frequency iew

=10l x|

498 Dizplayed

NPY

=
=
@

=
[
0

=
[}
=y

=
e
b

Frobahbility

=
e
Fa

0o -

-40,000 -20,000

0 20,000
Eur

40,000

£0,000

b

Certainty: I'I 00.00 4

g |Irfinity
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By changing the left certainty field to zero, we can see that there is a 64,7 % chance that the NPV will be
positive:

1, Forecast: NPY -10| x|
Edit Wiew Forecast Preferences Help
200 Trialz Frequency Wiew 438 Dizplayed
NPY
~ 36
0.0& a0
= Tl
= M Lo o
T 004 S
5 i 18 &
[ =
(L 2
00z 12
rnﬂ-rl'ﬂ_ b
0.00 o
-30,000 0 50,000 B0,000
Eur
b [ Cettainty: [64.74 % g [infinity

Next we switch to the Statistics view:

RI=TEY
Edit Wiew FEorecast Preferences Help
200 Trials Statigtics Wiew 438 Dizplayed

Statiztic | Forecast values |

3 Trialz a00
tean B.643

Median B.448

Mode 13157
Standard Deviation 21,987

W ariance 433,409,013
Skewness -0.10944

Kurtosis 3

Coeff. of W ariahility KR
kirirnurn 62,826

b airnuam E7.53

tean Std. Emor 933

We can see that the mean NPV is 6643, the minimum NPV —-62826, the maximum NPV 67531 and the
standard deviation is 21987. All in all, the project seems quite risky.

The simulation provides a lot more information about the risk involved in the model. Please refer to the
Crystal Ball documentation about the possibilities.
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