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Application Overview and Model Development

CS13.1.1

In this application, the user can consider which of several possible future products would
be most beneficial to invest in. This problem is typically modeled as an integer-
programming problem in which binary variables determine which products to invest in and
which not to invest in. However, in this application, we seek to solve this problem using
simulation. For each run of the simulation, we calculate the expected total profit and NPV
for several products with given input values. We then summarize which product can be
expected to perform the best and suggest that the user invest in it.

Model Definition and Assumptions

This application has both deterministic and stochastic input. The stochastic input includes
the sales volume, the product development cost, and the time horizon. Since these values
are unknown, we prompt the user for the best case, worst case, and most likely values
they have. A triangular random variable analyzes the values that may occur between the
best case and worst case values. For this application, we want to generate a random
number from the triangular distribution for a given probability of this input. We therefore
model the inverse triangular distribution function; for a best case, a, worst case, b, and
most likely value, m, and a given probability, p, the formula is:

a<m<b
Fl(p):a+(—(b_a)(m‘a)pj, ifo<p<m-2
2 b-a
F_1(p):b_((b—a)(b—m)(l— p)j] it M= g
2 b-a

The Triang function procedure takes as input the best case, worst case, and most likely
values and outputs a random number that is found from this triangular distribution for a
given probability.

Function Triang(Best, Worst, MostLikely) ‘triangular distribution function
Dim p As Double
p = Rnd()
If p < (MostLikely - Worst) / (Best - Worst) Then
Triang = Abs(Worst + ((Best - Worst) * (MostLikely - Worst) * p) / 2)
Else If p > (MostLikely - Worst) / (Best - Worst) Then
Triang = Abs(Best - ((Best - Worst) * (Best - MostLikely) * (1 - p)) / 2)
End If
End Function

We use this function to create values for this stochastic input during the simulation runs. In
each run, these values are updated and placed on a simulation calculation worksheet that
contains several formulas. The formulas are therefore updated with these new values, and
the run results are recorded.

For runs = 1 To NumRuns
Fori=1 To NumProd
‘calculate unknown values wusing Triang function and put in table
'PRODUCT COST
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Range("Prod" & i & "Start").Offset(7, 1).Value = Triang(ProdCost(i, 1), ProdCost(i,
2), ProdCost(i, 3))

'TIME HORIZON

NumYears = Triang(Time(i, 1), Time(i, 2), Time(i, 3))

Range(Range("Prod" & i & "NPV").Offset(-1, 0), Range("Prod" & i & "NPV") _
.Offset(-1, NumYears)).Name = "Prod" & i & "Time"

'SALES VOLUMES
For year =1 To NumYears
Range("Prod" & i & "Start"). Offset(6, year + 1).Value = Triang (Sales(i, 1),
Sales(i, 2), Sales(i, 3))
Next
Range(Range("Prod" & i & "Start").Offset(6, NumYears + 2), _
Range("Prod" & i & "Start").Offset(6, 11)).ClearContents
‘record NPV and profit to SimDetails
Range("DetailsStart").Offset(runs + 1, 2 * i - 1).Value = Range("Prod" & i &
"NPV").Value
Range("DetailsStart").Offset(runs + 1, 2 * i - 1).Offset(0, 1).Value = _
Application.WorksheetFunction.Sum(Range(Range("Prod" & i & "NPV").Offset(-2,
1), _Range("Prod" & i & "NPV").Offset(-2, NumYears)))
Next i
Next

The simulation calculations seek to determine the total profit and net present value (NPV)
of each product given its input values. The deterministic input values include the tax rate,
the discount rate, the labor cost, the variable cost, and the selling price. Using these
values as well as the stochastic values calculated for each run, the application calculates
the depreciation, the before tax profit, the after tax profit, the cash flow, and the NPV. The
simple formulas for these calculations appear in the table below; the NPV Excel function
calculates the NPV.

Range(“Prod” & i & “Start”)
Product Name 0 1... (to 10)
Tax Rate (from input sheet)
Discount Rate (from input sheet)
Labor Cost (from input sheet)
Variable Cost (from input sheet)
Selling Price (from input sheet)
Sales Volume (from Triang function)
Product Development Cost (from Triang function)
Depreciation Prod. Devel. Cost /5
Before tax profit Labor Cost + Selling Price * Sales Vol — Variable
Cost * Sales Vol — Depreciation
After tax profit ((1-Tax Rate) * Before Tax Profit
Cash flow Range(*Prod” & i & “Time")... Range(*Prod1Time”) ...
Prod. Devel. Cost After Tax Profit + Depreciation
Range(“Prod” & i & “NPV")
NPV (NPVfunction using Discount
Rate and Time Horizon)

Please refer to Practical Management Science by Winston and Albright as well as
Introduction to Probability Models by Winston for more details.
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CS13.1.2 Input

This application requires two types of input: deterministic and stochastic. The deterministic

input is:

u Tax rate

u Discount rate
u Labor cost

- Variable cost
u Selling price
= Desired NPV

The stochastic input for the application is:

" Sales volume (best, worst, and most likely)
" Product development cost (best, worst, and most likely)
u Time horizon (best, worst, and most likely)

CS13.1.3 Output

This application has two types of output: output per product and overall, or comparative,
output. The output per product is:

u Depreciation

u Before tax profit
u After tax profit

" Cash flow

. Actual NPV

The overall output is:

u Product with best average NPV
u Product with best average total profit

oA \Worksheets

This application requires five worksheets: the welcome sheet, the input sheet, the
simulation calculations sheet, the simulation details sheet, and the results sheet. The
welcome sheet contains the title, the description of the application, and the “Start” button.
(See Figure CS13.1.) The “Start” button on the welcome sheet prompts the user for the
input values and then displays the input sheet.

The input sheet stores the input values for each product entered by the user. (See Figure
CS13.2.)) These input values are recorded from a user form, which we will describe in the
next section. This sheet stores the deterministic values for the labor cost, the variable
cost, the selling price, the tax rate, the discount rate, and the desired NPV. The stochastic
input is recorded by best, worst, and most likely values for the sales volume, production
development cost, and time horizon.
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@ Hanna, Ahuja, and Winston

In thiz application, the user may consider which of
several possible future products would be most beneficial
to invest in

Input = 1. (Deterministic) tax rate, discount rate, labor
cost, variable cost, selling price, 2. (Stochastic) sales
wolume (hest, worst, most likely), product developrment
cost (hest, worst, most likely), time horizon (hest, worst,
most likely), desired NP

Output = 1. (Per Product) depreciation, befare tax profit,
after tax profit, cash flow, and actual NP, 2. (Overall)
product with best NP and total profit

START

Figure CS13.1  The welcome sheet.

B

The fallowing input has been recorded for each product.
You may change values on the spreadsheet and press Start Simulation to resolve the application
with the modified values

= ; . 5 . Sales Sales Volume:  Sales Volume:
. | - 5 S g F ate Co
Product  Labor Cost Variable Cost Selling Price  Tax Rate Discount Rate Volume: Best Worst Most Likely
1 ProductA | $100.00 §50.00 $500.00 0.40 0.15 2000 1000 1500
2 Product B $100.00 §50.00 $500.00 0.40 0.15 2000 1000 1500
3 ProductC | $100.00 $50.00 $500.00 0.40 0.15 2000 1000 1500

Figure CS13.2 (a)

In the simulation calculations sheet, the application calculates the simulation formulas to
determine each product’s total profit and NPV. (See Figure CS13.3.) The deterministic
input values are referenced from this sheet as input for the formulas for depreciation,
before tax profit, after tax profit, cash flow, and NPV. The stochastic input values are
updated for each run of the simulation using the triangular distribution function with the
best, worst, and most likely parameters provided by the user. As these values are updated
for each run of the simulation, the formula results are also updated and recorded on the
simulation details sheet.

The simulation details sheet records the NPV and total profit values for each product for
each run of the simulation. (See Figure CS13.4.) The application employs these values to
determine each product’'s minimum, maximum, and average NPV and profit values, which
are stored on the results sheet.
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Product Product Product . . , . . .
Time Horizon: Time Horizon: Time Herizon: .
Development Development Development Best Worst Most Likel Desired NPV
Cost: Best Cost: Worst  Cost: Most Likely es ors ostLIkely
$12,000.00 $35,000.00 $20,000.00 10 3 7 $50,000,000.00
$12,000.00 $35,000.00 $20,000.00 10 3 7 $50,000,000.00
$12,000.00 $35,000.00 $20,000.00 10 3 7 $50,000,000.00

Figure CS13.2 (b)
Figure CS13.2  The input sheet.

ProgiNPyY = A =NPY(C13,Prodi Time)
A B | c [ D [ E | F | G [ H

-ﬂulation:NPVperProductperR- “

1
12|
EN
|4
| 5 | [The following calculations are made during the simulation for each product.
| 6 | |Each run has a different Time Horizon and Product Development Cost for each product, genersted from the Triangular Distribution. Each Sales
7
6 |
9]
a

Volumne value iz different for each year inthe Time Horizon, alzo generated from the Triangular Distribution.

|11 | Product A 1 2 3 4 5

112 | Tax Rate

|13 | Discount Rate

| 14 | Labor Cost

| 13 | Variable Cost

| 16 | Selling Price $500.00

|17 | Sales Volume 3565085261 | 10624 63119 | G7403.16546 | 45575 4523 | 11533621
|18 | Product Development $81,150 B45.90

119 | Depreciation $16,230129.78 $16,230129.78 $16,230,129.78 $16,230,129.78 $16,230,129.
| 20 | Before tax profit 5,302 853.89 -§11,448 936 74 $14,101 394 68 §4 278 92398 $34,095,039.
121 | After tax profit $534 712.34 -$6 569 362.05 5 460,836 81 $2 567 35438 $20,457 059
| 22 | Cash flow -§81.150,646.90 $21.571 34212 $9 360 767 73 $24 590 966.59 $16 797 48417 $36,687 1891
123 | HPV -§8,775 516,52

| 24 |

| 25 |

| 26 | Product B 1 2 3 4 5

| 27 | Tax Rate

| 24 | Discount Rate

|29 | Labor Cost

| 30 | Variable Cost

| 31 | Selling Price $a00.00

| 32 | Sales Volume 2189291811 | 1184312681 | 9250128575 | 1051238924 | 738591890
| 33 | Product Development 207221515

| 34 | Depreciation $16,230129.78 $16,230,129.78 $16,230,129.78 $16,230,129.78 $16,230,129.
35 | Before tax profit -$6,378 216 .63 $37 064 040,86 §25,395 5349.26 $31.525 721 81 $17 008 605
| 36 | After tax profit §3,526 920 95 22,235 424 52 $15,237 32955 $18,915 433.09 10,203 963
| 37 | Cashflow -$1207221318 $12/403189.80 $38,468 554 .30 $31 467 459.33 $35,145 562,87 $26 434 092!
| 38 | HPV $94 286 579.58

139 |

| 40 |

|41 | Product C 1 2 3 4 5

| 42 | Tax Rate

| 43 | Discount Rate

| 44 | Labor Cost

Figure CS13.3  The simulation calculations sheet.
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Figure CS13.4

The results sheet displays each product's minimum, maximum, and average NPV and
profit values in a table. (See Figure CS13.5.) It also uses the simulation details sheet
values to calculate the probability that the NPV will be greater than or equal to the desired
NPV provided by the user. The comparative, or overall, output shows which product has

apital Budgeting

Simulation Details

I N KN

The following values for NPV and Total Profit were recorded for each product atter every run

The simulation details sheet.

the largest average NPV and profit values.

Product Product A Product B Product C

Run NPV Total Profit NPV Total Profit NPV Total Profit
1 §53,104,351.19 §127110,149.33 $19.910,340.68 §70,012 509.79 20,197 248.34 56 589 884.12
2 26,053 733.64 59,198 164.50 50 481 073.93 75 894,300.74 48,178 £38.50 65 514 312,67
3 $49 522 061.89 $115,359 746,43 9076 379.67 534 822101.72 6,064 831.70 $140,334 910.08
1 32,098 554.00 §76,822 21522 64 933 ,570.98 106,564 396.22 $59.739 089.11 $84,168,171.10
5 §41.550 442.65 $112 561,320.78 §62 549 509.52 §52.714,824.51 $57 539 582.69 $79.135 739.14
B 65 954 566.98 $132.508.725.27 558,236 45211 §191,140084.71 $38 361 240.16 $115,751.894.90
7 §34.078.417.76 §72,293 BR9.11 42 FBE 248.92 33,068 558,64 (§13 452 208 51) 48,049 360.58
B 58,458 541.31 §101 121 267 48 §79 044 488.95 §150,458 B41.17 40 485 458.98 196 058 ,358.63
9 §28 671 541.60 65,003 292.18 (§3969,323.77) §129,302 522.70 ($7 451 ,380.42) $128,309,335.22
10 §12,105,803.72 $23.437 014.12 526 484 091.12 ($11,313,322.08) $38.929 614.14 (523 445 090.27)
11 §54 877 492.69 $132 032 439.38 (§35 450 877 .59) 66,727 188.15 $45 81991115 $86 553 448.28
12 §35.442 897 .06 $89,810,199.94 69,177 452 B9 §58 481050 26 §42 500 029,22 51061 80517
13 §72 503,420.22 §152 748 851 58 55 544 80526 §186,769 087 66 P37 19145 $128,710,729.68
14 §27 343,253.48 55,817 759.56 $50,A10,833.34 §72,719876.29 $57 418 885.98 66 533 942.21
15 §12 582 887.83 $35,877 003.21 §7 336 507.52 §25 925 415.03 §114,542 B33.21 $71,158.351.93
16 ($4 821 373.70) 24,406 720.00 14 589 449.97 §70,200025.15 $17.103 B32.54 61,358 565.64
17 §67 837 161.50 $144 893 041.45 $49.525 733.91 §118,549 51638 $47 505 385,27 $58 580 822.39
18 (§25 826 049.73) §29,384 482.90 52384177021 §24125.14313 58 922 34201 5,215 454 34
19 §78,725,249.23 186 955 558.26 ($30,003,874.45) 59 595 385,04 35 818 550.95 53,186 220.93
20 §37 061 566.67 §76,931 707.22 579 961 543.50 §139,097 833.41 (521,362 574.73) $97 093 200.48
21 56,367 212.45 $126 554 615.80 36,728 B30.77 $90,057 925,71 $61.752 422.49 $143,362 576.74
2 §50,143 ,358.85 $149 556 528.08 $635.112.79 §108,034 571.86 ($1,542 586.31) $144 520 483.86
i §49.774016.59 $95 507 283.80 §92 841 44475 §135,792 25451 ($23 510 908 55) $26 060 890.19

Results

END

The Average, Min, and Max NPV and Profit values for each product are shown below. These values
‘were calculated based on the results of the simulation after all runs were performed.
The Probability that the NPV == the given Desired NPV for each product is also calculated.
The products with the Best Owverall NPV and Best Overall Profit are given.

You may View Details of the simulation runs andfor View Simulation Calculations.
You may RESOLVE this probler by returning to the Input sheet to adjust any values. The simulation
will be run again and new results will be calculated

Best Overall NPV:
Best Overall Profit TSI

Min
Average
Max

Min
Average
Max

Product A

-§31 242 {87 65
$33 526 91730
$97 530 Fe7.43

-$19.999,124.28
79,521 699.05
$195 486 597 .00
Probabhility that NPV >=
$50,000,000.00

Product B

Min
Average
Max

Min
Average
Max

-$45,358 233.77
$37 726,529.94
116,767 ,096.13
Profit

-$156.501,551.40
579,077 261.96
178,344 291 68

Probabhility that NPV >=

$50,000,000.00

Figure CS13.5

The results sheet.

RESOLVE

Return to Input

View Output Details

View Sim Calc

Product C

Min
Average
Max

Min
Average
Max

537,119,448 79
536 455 353.21

$108,449,160.10
Profit

-§21 227 025.20
550 441 579.47

5194 563 365,57

Probabhility that NPV >=

$50,000,000.00
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Summary

Welcome sheet Contains the application description and the “Start” button.

Stores the deterministic and stochastic input values for each
product.

Calculates the simulation formulas to find the NPV and profit
values for each product. Formulas and results are updated for

Input sheet

Simulation calculations

slnize new stochastic values for each run of the simulation.
Simulation details Records the NPV and profit values calculated for each product
sheet for each run of the simulation.

Shows the minimum, maximum, and average NPV and profit
values for each product, the probability that the NPV is greater
than or equal to the desired NPV for each product, and the
product with the best overall NPV and profit values.

Results sheet

User Interface

For this application’s user interface, we include navigational buttons, input boxes, and a
user form. From the “Start” button on the welcome sheet, the user first views two input
boxes. The first prompts the user for the number of products to compare. (See Figure
CS13.6.) The second input box then prompts the user for the number of simulation runs.
(See Figure CS13.7.)

Number of PRODUCTS x|

For how rmany PRODUCTS ba wou wank Eo run Ehe

simulation?
Cancel |

E

Figure CS13.6  The input box for the number of products.

Number of RUNS x|

Flease enter number of RUMS For the simulation?

100

Figure CS13.7  The input box for the number of runs.

Then, the user views an input form for each product he or she is comparing. (See Figure
CS13.8.) This form prompts the user for the deterministic and stochastic input; each set of
input values is grouped into a respective frame. Text boxes are used for all the data, and
the stochastic input text boxes are arranged in a tabular format since each requires a best,
worst, and most likely value.
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nput Form x|

Please enter the following input for each product.

Product: 1 Mame: I Product A

— Deterministic Input

Labor Cost 100 $ TaxRate I a0 %
Yariable Cost I 50 $ Discount Rate I 15 %o
Selling Price 500 $

— Stochastic Input
Give the parameters for the Triangular Distribution to estimate
the following input.

Best Worst  Vost Likely
Sales Yolumes I 2000 I 1000 I 1500 units
Product %
Development Cost | 12000 | 35000 | 20000
Time Horizon I 10 I 3 I 7 years
Desired NPY: I 50000000 $
Cancel 0K

Figure CS13.8  The input form.

This same form is shown to the user for each product; therefore, the product number label
is updated for each product shown. Default values are provided for all the input, including
the product name. As the user enters the input values for each product, they are recorded
to the input sheet, which appears in the background. For example, in Figure CS13.9, the
input values have already been entered and recorded for the first two products on the
input sheet. The input form now prompts the user for the input values of the third product.

% Input boxes For the number of products and the number of runs.

Summary Input form For the deterministic and stochastic input valugzs; shown for

each product; the values are recorded on the input sheet.
“Start” on the welcome sheet; “Go Back” on the input,
simulation calculations, and details sheets; “Return to Input,
“View Output Details,” and “View Sim Calc” on the results
sheet; and “End” on all the sheets.

Navigational buttons

“Start Simulation” on the input sheet and “Re-solve” on the

Functional buttons
results sheet.
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The following input has been recorded for each product ‘

ou may change values on the spreadsheet and press Start Simulation to resolve the application
with the modified values.

Sales Sales Volume: Sales Volume: D
Volume: Best Worst Most Likely

Product Labor Cost Variable Cost Selling Price Tax Rate Discount Rate

1 Product A $100.00 $500.00
2 ProductB $100.00 $50.00 $500.00 1000 1500 12
ﬂ

Please enter the following input for each product.

Product: 3 Name: | product C

— Deterministic Input
Labor Cost 100 % TaxRate I a0 %
variable Cost 50 $  Discount Rate I 15 %
Selling Price 500 $

— Stochastic Input
Give the parameters for the Triangular Distribution to estimate
the following input.

Best Worst  Most Likely
Sales Yolumes I 2000 I 1000 I 1500 @ units
Product §
Development cost | 12000 | 3soo0 | 20000
Time Horizon I 10 I 3 I 7 years

Desired NPV: 50000000 $

Cancel | DK |

Figure CS13.9  The input form appears in front of the input sheet.

Procedures

We will now outline the procedures for this application beginning with the variable
declarations and initial sub procedures. (See Figure CS13.10.) The Main procedure is
called from the “Start” button. It calls the ClearPrev procedure to clear previous values and
tables from all the sheets. It then prompts the user with the two input boxes for the number
of products and the number of runs for the simulation. Notice that the error checking code
is used for both of these input boxes. ClearPrev then uses the number of products to re-
dimension some arrays and takes the user to the input sheet. Once the input sheet
appears, the Main procedure performs a loop to display the input form for each product.
The product number label on the form is updated in each loop along with the default value
of the product name.

The input form procedures record all of the input values on the input sheet. (See Figure
CS13.11.) Notice that the variable i used in the loop in the Main procedure to show the
input form is used in the input form procedures to determine on which row on the input
sheet values will be recorded. This variable also indexes the arrays to store the stochastic
input parameters. This code also performs some error checking to ensure that the value
for the time horizon worst case input is less than or equal to 10.

The Main procedure ends by calling the FormatSheets and RunSim procedures.
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Option Explicit
Option Base 1

Public i Ls Integer, UserInput Az Wariant, NueProd is Integer, NumRuns Az Integer, runs Az Integer,
Time (] is Integer, Sales(] Az Double, ProdCost(] As Double, NumVears is Integer, year s Integer, _
BestNPV As Double, BestProfit is Double, NPVProd is Integer, ProfitProd As Integer

Sub Main() 'called from Start button
Call ClearPrev

"how many products

UzerInput = InputBox ("For how wany PRODUCTS to you want to run the simulacion?",
"Nurker of PRODUCTS", 3)

If IsNumeric(UserInput) = False Or UserInput = "" Then
Exit Sub

Elzelf Userlnput <= 1 Then
MsgBox "You must enter at least Z products.”
Exit Sub

Elze
HumProd = UserlInput

End If

"how many runs
UzerInput = InputBox("Please enter nuwber of RUNG for the simulation?”,
"Nurker of RUNS", 100)

If IsNuweric(UserInput) = False Or UserlInput = "" Then
Worksheets ["Weleome™) .Visible = True
End

Elze
HuwPuns = UserInput

End If

Relim Time (MuwProd, 3), Sales(MuwProd, 3), ProdCostMumProd, 3)
Worksheets ("Input®) .Visikle = True

Worksheets ("Input") . Letivate

Worksheets ("Welcome") .Visihle = False

'show input form for each product
For 1 = 1 To NumProd
With frmInput
1h1Prodium, Caption = 1

JtxtProdifame, Value = "Product " & Chr(64 + i) "default product name
frmInput.Show  'record values to spreadsheet in form code
End With

Next i

"format shests using input
Call Format3heets

Call Run3im
End Sull

Figure CS13.10 The variable declarations and the Main procedure.

The RunSim procedure performs the simulation calculations. (See Figure CS13.12.) For
each simulation run, each product’s production development cost, time horizon, and sales
volume values are updated with the triangular distribution function. The formulas on the
simulation calculation sheet are then updated, and the resulting NPV and profit values are
recorded on the simulation details sheet. When all of the runs are complete, the RunSim
procedure calls the CreateResults procedure.
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Private 3ub cwdCancel Click()
Worksheets ("Veloowe™) .Wisible = True
Aotive3heet.Visikhle = False
Mnload Me
End
End Sub

Private Fub cwdOK Click(
If txtTiweW.Value > 10 Then
M=sgBox "Time Horizon Worst parameter must be 10 years or less.”
Exit 3ub
End If

'record all values to spreadsheest

With Range ("Input3tart™)
JOffset (i, -1) .Value = 1
LOffsec (i, 0).Value = txtProdiawe.Value
LOEfzec (i, 1) .Value = txtlabor.Value
LOffzet (i, 2) . .VWalue = txtVar.Value
JOfEfzet (i, 3).Value = txt3ell.Value
LOffzet (i, 4).Value = txtTax.Value / 100
LOffset (i, &) .Value = txthiac.Value [/ 100
LOEfzec (i, &) .Value = txtialesE.Value
LOEfzec (i, 7). Value = txtIalesW.Value
JOffzet (i, 8).Value = txtialesML.Value
LOffset (i, 9).Value = txtProdE.Value
Loffser (i, 10) .Value = txtProdW.Value
LOEfzec (i, 11) .Value = txtProdML.Value
LOEfzec (i, 12) . Value = txtTinmel.Value
LOfEfzen (i, 13) . Value = txtTinmeW.Value
LOffset (i, 14).Value = txtTimeML.Value
LOffsec (i, 15) .Value = txtProb.Value

End With

'record triangular parasmeters i1nto arrays

Time (i, 1) = txtTimeEB.Walue
Time (i, 2} = txtTimeW.Value
Time (i, 3) = tHtTimeML.Value
Sales (i, 1) = txtialesE.Value
Sales (i, 2) = txt3alesW.Value
Jales (i, 3) = txt3alesML.Value
ProdCost (i, 1) = txtProdE.Value
ProdCostii, 2) = txtProdW.Value
ProdCostii, 3) = txtProdiL.Value
Mnload Me

End Sub

Figure CS13.11 The procedures for the input form.

The Triang function procedure generates a possible value from the triangular distribution
function using the best case, worst case, and most likely case values as parameters. (See
Figure CS13.12.) These parameter values are passed to the Triang function procedure
using the corresponding arrays for product development cost, time horizon, and sales
volume. (Refer to Section CS16.1.1 for details about the triangular distribution function.)

The CreateResults procedure displays the results on the results sheet. (See Figure
CS13.13.) First, it first creates some dynamic range names on the simulation details
sheet. Then, with these range names, it finds the minimum, maximum, and average NPV
and profit values for each product. It next loops over all of the average NPV and profit
values to find the product with the best NPV and the product with the best profit.
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Sul Rundinm|) 'performs simulation
Uorksheets ("3imRuns") . Visible = True
Uorksheets("Input") .Visihle = False
Range ("A1") . Select

For runs = 1 To MuwBunzs
For 1 = 1 To NumProd
'caleulate unknown values using Triang function and put in table
'"PRODUCT COST
Range ("Prod"™ ¢ 1 & "Start").Offsec(7, 1).Value = _
Triang(ProdCost(i, 1), ProdCostii, 2), ProdCostii, 3)

'TINE HORIZON

NunYears = Triang(Time(i, 1), Time(i, 2), Time(i, 3))

Range (Range ("Prod™ & 1 € "NPV™).Offzet(-1, 0}, Bange("Prod" & 1 & "NPV"
JOffzet (-1, NumVears)) Mame = "Prod" & 1 & "Time"

'SLLES VOLUMES
For year = 1 To Numiears
Range ("Prod" & 1 & "Start").0ffset(6, year + 1).Value = _
Triang(3ales(i, 1), 3ales(i, 2), 3alesii, 3))
Hext
Range (Range ("Prod” & 1 & "3tart”).0ffzet(6, Nwnfears +2), _
Range ("Prod” & 1 & "Start").0ffset(f, 11)).ClearContents

'record NFY and profit to 3imDetails
Range ("Detaila3tart").Offzet (runs + 1, 2 ¥ 1 - 1).Value = Range("Prod" & 1 & "NEV").Value
Range("Detailsitart”).Offzet (runs + 1, 2 7 1 - 1).0ffzec(0, 1).Value = _
Epplicarion. WorksheetFunct ion, Juw (Range (Range ("Prod® & 1 & "NPV").Offset(-Z, 1), _
Bange ("Prod" € 1 & "NPV™).Offzet (-2, NumVesra)))
Hext 1
Hext

Call CreateResults

End Sub

Function Triangi(Best, Worst, Mostlikely) "triangular distribution function
'a<=me=h
T-liw) =a+ ((b-a)(m-aulf if0<=u< m-a/lh-al,
F-llw) = b - (b -a)lb-mil- w2 ifmw-a/fb-acuel

Dim p k2 Double
p = Rudfj
If p < (MostLikely - Worst) / (Best - Worst) Then
Triang = iba(Worst + |(Best - Torst) * (Mostlikely - Worst] #pj / 2
ElseIf p » (MostLikely - Worst) / (Best - Worst) Then
Triang = iba(Best - ||Best - Worat) * (Best - MostLikely) * (1 -p)) /2
End If
End Function

Figure CS13.12 The RunSim procedure and the Triang function procedure.

The FormatSheets procedure creates tables for each product on various sheets. (See
Figure CS13.14.) It begins by creating tables for each product on the simulation
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calculations sheet. It also creates some dynamic range names on this sheet; these names
are used in the formulas for the simulation calculations. FormatSheets then references the
input values from the input sheet on these new tables on the simulation calculation sheet.
It then creates columns for storing the simulation results on the simulation details sheet
and also updates some of its dynamic range names. Finally, it formats the results sheet by
creating the tables for each product to store the results. Notice that for each product,
tables are created by copying and pasting an initial table that is never cleared from the
sheet.

Sub CreateResults() 'display results on output sheet
With Worksheets ("JimDetails"
For 1 = 1 To HumProd
Range {Range {"Detailaitart”) Offset(Z, 2 * 1 - 1), _
Range ["Details3tart").Offset (MumBuns + 1, 2 * 1 - 1)) .Hame = "Prod" £ 1 & "NFVRuns"
Bange (Range ("etailsivare”) Offset(Z, 2 * 1 - 1).0ffzet(d, 1), _
Range {"Details3tart”) . Offset (NuwRuns + 1, 2 * i - 1).0ffzec(0, 1)) .Name = _
"Prod" £ 1 & "ProfitRuns"
MNext 1
End With

With Worksheets|"Results"
For 1 = 1 To NumProd
Range {"Prod” & 1 & "NPVRes").Offset(l, 0).Value = _
hpplication, WorksheetFunction.Min{Range ("Prod™ & 1 & "NFVRBuns"))
Fange ("Prod" & 1 & "NPVRes").Offzet(Z, 0).Value = _
Ipplication. WorksheetFunction. bverage (Range ("Prod" £ 1 & "NPVRuns™))
Bange ("Prod" & 1 & "NPWVRes").Offset(3, 0).Value =

Applicatlon.WOrksheetFunctlon.Max(Range["Prod"_& i & "NPVBuns"))
Range ("Prod" & 1 & "ProfitRes").Offsec(l, 0).Value = _
hpplication,WorksheetFunction.Nin{Range ("Prod™ & 1 & "ProfitRuns"))

noan

Bange ("Prod" & 1 & "ProfitRes").Offset(Z, 0).Valus = _
lpplication. WorksheetFunction. bverage (Range ("Prod" & 1 & "ProfitRuns")
Bange ("Prod" & 1 & "ProfitRes").0ffzet(3, 0).Value =

Application, WorksheetFunction.Max (Range ("Prod" & i & "ProfitRuns"))

Range {"DesiredNP¥" & i).Formula = "=Input!" & _
Worksheets ("Input").Range ("Input3tart").Offset (i, 15).Address
'azsume Normal Dist
Range ("ProbWPV" & 1).FormulaRiCl = "=1-NORMDIST(R[]C[-1], R[-7IC[], " & _
hpplication, WorksheetFunction.StDev (Range ("Prod® & 1 & "NPVRuns")) & ", True)"
MNext 1

BestNPV = 0
BestProfit = 0
For 1 = 1 To HumProd
If Range("Prod" & 1 & "NPVRes").0ffset(Z, 0).Value » BestMPV Then
BestNPV = Range("Prod" & i & "NPVRes"|.Offset[Z, 0).Value
NPVProd = i
End If

If RBange ("Prod" & 1 & "ProfitRes").0ffset (2, 0).Value » BestProfit Then
BestProfit = Range("Prod"™ & i & "ProfitRes™).Offset(2, 0).Value
ProfitProd = i

End If

MNext 1

Range ("BestNPV").Value = Worksheets("Input").Range ("InputStart®).0ffset (NPVProd, 0).Value
Bange ("BestProfit") .Walue = Worksheets("Input").Range ("Input3tart™).0ffset (FrofitProd, 0).Value
End With

Worksheets ("Results") . Visible = True
Worksheets ("SimRuns") . Visible = False
Range ("41") .ZBelect

End Sub

Figure CS13.13 The CreateResults procedure.
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Sub Format3heets() 'create tables for multiple products
Applieation.ScreenlUpdating = False
'format Sim sheet
Worksheets("3imRuns") .Range ("Prodlitart”) . Valus = _
Worksheets ("Input").Range ("Inputitarc") . 0ffset (1, 0).Value
For 1 = 2 To NumProd
With Worksheets("3imBuns"
'wopy Range ("ProdTahble™)
Range ("ProdTable") .Copy
'paste at Range ("Prod"g(i-1)£"NPV™)
.Range ("Prod" & (i - 1) & "NPV").O0ffset (3, -1).Pastelpecial
'renswe ranges
.Range ("Prod" & (i - 1) & "NPV").Qffset(3, -1).Name = "Prod™ & 1 & "Start"
-Range ("Prod" & 1 & "3tart”).Value = _
Worksheets ("Input").Range ("Input3tarc") . Offsec (i, 0).Value
.Range ("Prod" & i & "3tart").Offset(1Z, 1).MName = "Prod" & 1 & "NPV"
.Range ("Prod" & i & "NPV").FormulaR1C1 = "=NPV(R[-10]C, Prod" & i & "Time)"
End With
Next i

'make reference to Input sheet on SimBuns tables
For 1 = 1 To NumProd
With Worksheets ("SimFuns") .Range ("Prod™ & 1 & "3tart™)

LOffset (1, 1) .Formula = "=Input!" & Range("Input3tart").0ffset (i, 4).Lddress

LOoffset (2, 1) .Formula = "=Input!" & Range ("Input3tart™).0ffset (i, 5).Lddress

LOffzer (3, 1) Forwula = "=Input!'"™ & Range("InputStart™).0ffset(i, 1).Aiddress

LOffser (4, 1) .Forwula = "=Input!"™ & Range("Inputitart").offset (i, Z).Ahddress

LOffser (5, 1).Forwula = "=Input!" & Range("Input3tart").o0ffset (i, 3).Akddress
End With

Mext 1

'format details sheet
Worksheets ("Siwbetails") . Range ("ProdisweD1™) .Value = J
Worksheets ("Input™) . Range ("Inputitart”™) . 0ffszet (1, O0).Value
For i = 2 To NuwProd
With Worksheets("Simbetsils"
.Range [ .Range ("ProdTitle™), .Range("ProdTitle™).0ffset (NumBuns, 0)).Copy
.Range ("DetailsStart™) .Offsecid, 2 ¥ 1 - 1).Pasteipecial
.Range ("ProdiaweD™ & (i - 1)).0ffsec(0, 1).Name = "ProdiameD" & 1
.Range ("ProdismeD” £ 1) .Value = _
Worksheets ("Input™) .Range ("InputStarc”) . 0ffsecii, 0] .Value
End With
Next i

'format results sheet
Worksheets ("Results").Range ("ProdlRes") .Value = _
Worksheets ("Input™) .Range ("Input3tart™) . 0ffset (1, 0).Value
For i = 2 To NuwProd
With Worksheets("Results")
.Range ("ResultsTable™) . Copy
.Range ("Prod" £ (i - 1) & "Res").O0ff=zet(0, Z).PasteSpecial
.Range ("Prod" £ (i - 1) & "Res").O0ffset(0, Z).Name = "Prod" & i & "Res"
.Range ("Prod” £ 1 & "Res").Walue = _
Worksheets ("Input™) .Range ("InputStarc”) . 0ffsecii, 0] .Value
 Range ("Prod" & (i - 1) & "NPVRes").Offset (0, 3).Name = "Prod" & i & "NPVRes"
.Range ("Prod"™ & (i - 1) & "ProfitRes").O0ffsetci0, 3).Name = "Prod"™ & i & "ProfitRes"
.Range ("ProbNPV" & 1 - 1).0ffset (0, 3).MNamwe = "ProbNPV" & 1
Range ("DesiredWPV" & 1 - 1).0ffsec (0, 3).Mawe = "DesiredWPV" & 1
End With
Next 1

Application.cutCopyMode = False
hpplication.SereenlUpdating = Trues
End Zub

Figure CS13.14 The FormatSheets procedure.

The ClearPrev and navigational procedures are illustrated in Figure CS13.15.
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With Wor
.Ran

End With
With Wor
Rang

End With

With Wor
Rang

Rarnp
End With
With Wor
Randg

End With
End Sub

Subh ClearPrev(] 'clear previous wvalues and tahles

ksheets ("Input™)
ge (Range ("Input3tart™) .0ffsec(l, -1}, _

Range ("Input3tcart™) . 0ffset (1, 15).End(xlDown)).ClearContents

ksheets ("SimEuns")

e [Range ("ProdlNPV"™) . O0ffset (3, -1), Range ("ProdlNPV"™).0ffsetc (100, 10)).Delete

ksheets ("S3imlbetails"™)

e (Range ("ProdTitle™) .0ffset (0, 2), _

Fange ("ProdTitle™) .Offsec (0, 20) .End(xlDown)).Delete
e [Range ("Details3tart™) .Offsec(z, 1),

Range ("Details3tart™) . O0ffsetc (2, 2].EndelDDwn]].ClearCDntents

ksheets ("Eesults")

e (Range ("ProdlRes"™) . O0ffsetc (0, Z), Range ("ProdlRes") .0ffsetc (10, Z0)).Delete

Sukh EndProgi
Morkshee
Aetiwve3h

End Sub

I
ts("Welcome™) .Visible = True
eet.Visibhle = False

Suk ViewDet |
Morkshee
AotiveSh
Range ("4

End Sub

)

ts("3imbetails™) .Wisihle = True
eet.Visibhle = False

1) .8elect

Zub ViewCale

9

Worksheets ("3imPuns") .Visible = True
AotiveSheet.Visible = False

End Sub

Suk GoBack()
Worksheets ("Eesults"™) .Visihle = True
AotiveSheet.Visible = False

End Sub

Figure CS13.15 ClearPrev and the navigational procedures.

e boxes and the input form.
ClearPrev Clears the previous values and tables from all the sheets.
Record the deterministic input values to the input sheet;
Input form procedures record the stochastic input parameters to the input sheet and
the arrays.
Creates the tables for all the products on all the sheets;
FormatSheets .
creates the dynamic range names.
. Performs the simulation calculations; updates the stochastic
RunSim

Triang function

procedure

CreateResults

Naviaational

Initializes the application and prompts the user with the input

values by calling the Triang function procedure.

the stochastic input.

For the “End.” “View Output Details.” “View Sim Calc.” and

Displays the results for each product on the results sheet;
finds the product with the best NPV and profit values.

Uses the triangular distribution function to generate values for
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Re-solve Options

Summary

The user can re-solve this application by pressing the “Re-solve” button on the results
sheet or the “Start Simulation” button on the input sheet. The “Re-solve” button (as well as
the “Return to Input” button) on the results sheet calls the Re-solve procedure. (See
Figure CS13.16.) This procedure, shown in Figure CS13.17, simply returns the user to the
input sheet where he or she can change any of the input values or stochastic input
parameters. Once the user updates the input values, he or she can click on the “Start
Simulation” button to re-call the RunSim procedure and re-run the simulation. (See Figure
CsS13.18)

wn below. These values
rrred.
also calculated.

Return to Input

View Output Details

lations.
“walues. The simulation View Sim Calc

Figure CS13.16 The buttons on the results sheet; both “Re-solve” and “Return to Input”
lead the user to the re-solve options.

Sub Resolwve ()
Worksheets ("Input®™) .Visible = True
Aotivelheet.Visikhle = False

End Suk

Figure CS13.17 The Re-solve procedure.

e T I N

g input has been recorded for each product. ‘
hange values on the spreadsheet and press Start Simulation to resolve the application

Figure CS13.18 The buttons on the input sheet; “Start Simulation” re-solves the
application.

Returns the user to the input sheet where he or she
can change the input values before resolving the
problem.

“Re-solve” button on the
results sheet

“Start Simulation” button on the Re-calls the RunSim procedure to re-run the
input sheet simulation.



cASE STuDY 13 M Capital Budgeting 18

Summary

" In this application, the user can consider which of several possible future
products would be most beneficial to invest in.

u This application requires five worksheets: the welcome sheet, the input sheet, the
simulation calculations sheet, the simulation details sheet, and the results sheet.

u For this application’s user interface, we use navigational buttons, input boxes,
and a user form.

u Several procedures in this application collect the input for the model and solve
the model by running a simulation.

u The user can re-solve this application by pressing the “Re-solve” button on the
results sheet or the “Start Simulation” button on the input sheet.

Extensions

u Add to the results sheet the product that has the highest probability of having a
NPV greater than or equal to the desired NPV.

" Add histograms to the results sheet that illustrate the frequency with which each
product’s profit and NPV values were achieved. (Remember to also add to the
ClearPrev procedure so that each histogram is deleted for the previous
products.)

u Restructure this application to solve the capital budgeting problem with an integer

programming model. Which procedures change and which can be retained?
Which sheets change and which can be retained?



