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OSuRSMN Application Overview and Model Development

This application seeks to determine the optimal allocation of sales force in order to
maximize profits. In this application, we consider a customer-call scenario in which a
manager is trying to determine how many calls should be made to each customer in the
upcoming period. We employ optimization to solve the problem, and a trade off curve
option allows users to observe optimized results for various upper bound values on the
total number of calls to make.

Cs18.1.1 Model Definition and Assumptions

We begin by prompting the user to enter historical data about the sales force allocation.
We assume that this historical data is known and includes the number of calls, unit sales,
revenue per sale, and cost per call for all customers. This historical data is used to find s-
curve parameters to estimate future profit. In marketing research, the s-curve is
considered a more accurate model than the power curve. It is modeled as follows:

R=a+ -5
d+S°¢

The Solver finds for each customer the optimal s-curve parameters that minimize the sum
of squared errors in the estimated profit and the calculated profit. Given the historical
number of calls made to a customer, a variation of this value is found for 0.10, 0.50, 1.50,
and 10 times the historical value. Aside from the historical number of calls, which has a
corresponding historical unit sales value, the user is asked to estimate the unit sales for
the variations of the number of calls. From each of these estimates, an estimated profit
value is found. A calculated profit value is then determined using the s-curve parameters
and the s-curve model provided above. The Solver is then used to find the best s-curve
parameters that minimize the sum of squared errors between these two profit values.

Number of Calls Unit Sales Estimated Profit

=0.1* Historical (User
NumberCalls estimate) |=(CustRev*UnitSales-CustCost*NumberCalls)/1000
=0.5* Historical (User
NumberCalls estimate) |...
(Historical
(Historical NumberCalls) | UnitSales)
=1.5* Historical (User
NumberCalls estimate)
=10* Historical (User
NumberCalls estimate)

Calculated Profit Error

=(Aparam+((Bparam-Aparam)*NumberCalls*"Cparam)
(Dparam+ NumberCalls *"Cparam)) / 1000 =(Estimated - Calculated)"2

Minimize SSE =SUM(Errors)
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Parameters

(decision variables)

Once these s-curve parameters have been determined for each customer, they are used
to calculate the profit in the main optimization model. This model seeks to find the number
of calls that should be allocated to each customer so that the total profit over all the
customers is maximized. We consider that there is a lower bound and an upper bound
constraint for the number of calls that can be made to each customer. We also consider
that there is an upper bound on the total number of calls that can be made over all the
customers. For the trade-off curve option, we allow the user to vary this overall upper
bound and view the change in the optimized total profit.

Lower Number of Upper
Customer Bound Calls Bound Unit Sales
(Given =INT(Aparam + ((Baram — Aparam) *
by (decision (Given NumcCalls"Cparam) /
User) variables) by User) (Dparam+NumCalls*"Cparam))

(From Historical Data) (From Historical Data) Cost/Call*NumberCalls

[ =sum(calisbv) |

Profit / Sale Cost / Call Total Profit

=Profit/Sale*UnitSales —

CS18.1.2

CS18.1.3

Maximize: | =SUM(Profit)

See Practical Management Science by Winston and Albright for more details.

Input

The user is prompted for various inputs throughout this application:

u Historical input = number of calls, unit sales, revenue per sale, and cost per call
for each customer

u Estimate input = expected unit sales for variations on the historical number of
calls

. Optimization input = lower and upper bounds on the number of calls that can be

made to each customer, upper bound on the total number of calls that can be
made across all customers

Output
There are two main outputs for this application:

= Number of calls to make to each customer in order to maximize profits

. Trade-off curve of upper bound on total number of calls versus the total overall
revenue
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LNk WA  \Worksheets

This application requires five worksheets: the welcome sheet, the historical data sheet, the
s-curve parameters sheet, the optimization sheet, and the trade-off curve sheet. The
welcome sheet contains the title, the description of the application, and the “Run Demo”
and “Start” buttons. (See Figure CS18.1.) The “Run Demo” button copies some demo
historical data and then takes the user to the historical data sheet. The “Start” button on
the welcome sheet prompts the user for some input and then displays the historical data
sheet.

@ Hanna, Ahuja, and Winston

sales Force Allocatio

This application seeks to determine the optimal allocation
of sales force in order to maximize profits. In this

application, we ider a -call io in which
a manager is trying to determine how many calls should be
made to each in the up ing period in order to

maximize profits.

S-curve parameters are found for each customer to
estimate future sales. Optimization is then used to solve the
problem and a trade off curve option allows users to
observe optimized results for various upper b d val

on the total number of calls that can be made.

Please see Practical Management Science by Winston and
Albright for more details.

Figure CS18.1  The welcome sheet.

The historical data sheet stores the input for the historical number of calls made to each
customer, the unit sales achieved, the profit per unit sale, and the cost per call made. The
total profit is calculated per customer with a simple formula of unit sales * profit per sale —
number of calls * cost per call. The total profit overall customers is also calculated as the
sum of the total profit per customer. Figure CS18.2 presents the historical data sheet with
the demo data.

Number of Profit /

Customer Calls Unit Sales Sale Cost/ Call Total Profit
DELL 318 1791 $20.00 52.00 $43.185.00
GATEWAY 326 443 525.00 55.00 $9.211.00
HP 325 694 $23.00 $3.00 $156.962.00
1BM 314 574 $26.00 56.00 $14.924.00
MSFT 301 1294 $29.00 $8.00 $37.626.00
SONY 320 1789 $20.00 54.00 $36.760.00

$156,588.00

Figure CS18.2  The historical data sheet.

The “Find S Curve Parameters” button takes the user to the s-curve parameters sheet,
which is where the user optimizes the s-curve parameters for each customer. (See Figure
CS18.3.) For each customer, one at a time, the historical data is referenced as input on
this sheet. The number of calls and unit sales in the historical data are found in the middle
row of the main calculation table of this sheet. Using the historical number of calls, the



CASE STUDY 18 M Sales Force Allocation 5

application calculates variations of .10, .50, 1.5, and 10 times the historical value. The
user is then asked to estimate the unit sales for these variations in the number of calls.
With the user’s values, the application calculates an estimated profit for each scenario.
The Solver then finds the a, b, ¢, and d parameter values for the s-curve such that the
mean squared error between the calculated profit from these parameters and the
estimated profit from the user’s input are minimized. A chart comparing the estimated and
calculated profits is shown.

Next, the user clicks the “Calculate” button to optimize these s-curve parameters for each
customer after he or she has entered the sales estimates. When all the customer’s
parameters have been optimized, the user can press the “Go to Optimization” button to
proceed to the optimization sheet.

S Curve parameters will be optimized for each customer.
For each customer, please estimate the Unit Sales for various multiples of your histarical Number of
Calls. Press Calculate after entering this input for each customer.

Customer
Revenue / Calculate
Sale

Cost / Call

$1000s $1000s; $1000s
ate Calculated

B a ale Pro Profit Error Parameters
0 325 150 $3.35 $0.23 9.76
0 162.5 230 $4.80 $6.00 1.43 110423.02
325 554 $14.99 $21.39 40.96 J
457.5 2000 $44 .54 $39.38 26.45 B3E274.63
0 3250 4890 $102.72 $106.53 15.00
Minimize SSE 93.59
S Curve: Min SSE Fetinted Prori
) —=— Calculated Profit
$12000
$100.00 =
o B80.00
H
@ F80.00
g
& 54000 f
$20.00
§0.00 T T T T T T
1} 500 1000 1500 2000 2500 3000 3500
Number of Calls

Figure CS18.3  The s-curve parameters sheet.

The main model of the application is solved on the optimization sheet. (See Figure
CS18.4.) The user provides a lower bound and an upper bound on the number of calls
that can be made to each customer; these are the decision variables. Using the optimized
s-curve parameters and these decision variables, the unit sales are calculated. From
these unit sales, the profit per sale, and the cost per call input, the total profit per customer
is also calculated. The objective function is to maximize the sum of these total profit
values for all the customers. When the user presses the “Optimize” button, the model is
solved.

The user can also specify an upper bound constraint on the total number of calls for all the
customers. By selecting the “View Trade Off Curve” button, the user can view the results
of the different values of this upper bound for the total number of calls, which are listed on
the trade-off curve sheet.
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Optimization

Flease enter the Upper Bound on the Total Number of Calls and a Lower Bound and Upper Bound for the Number of
Calls for each customer.

After you have entered this information, press Optimize to determine the best Number of Calls to make per customer in
order to maximize Total Overall Revenue.

If you do not know the best input value far the Upper Bound on the Total Number of Calls, you may pressView Trade Off
Curve to view a trade off of difierent Upper Bound values.

Upper Bound on Total Number of Calls View Trade OFf Curve
10,000

Lower Number Upper Pr
Customer Bound of Calls Bound Unit Sales X Total Profit
DELL d d 30.00
GATEWAY 100 5,000 0 §25.00 $5.00 $0.00
HP 100 5,000 g9 $23.00 $3.00 $2047.00
IBM 100 5,000 0 $26.00 $6.00 $0.00
MSFT 100 5,000 956 $25.00 $8.00 $27,724.00
SONY 100 5,000 9201 $20.00 $4.00 $154,020.00

o] $213,791.00

Figure CS18.4  The optimization sheet.

The trade-off curve sheet presents the change in the overall revenue as the user changes
the upper bound on the total number of calls to be made. (See Figure CS18.5.) The user
varies these values by specifying a range and a step size for the trial upper bound values.
Once this information has been entered, the user can press the “Create Curve” button to
view the trade-off curve for these values. He or she can return to the optimization sheet by
pressing the “Return to Optimization” button.

Flease enter a Maximum, Minimum, and Step Size for the trial values for the Upper
Bound on the Total Number of Calls. Then press Create Curve to view the various Total
Overall Revenues possible from these Upper Bound values.

Varrying Upper Bound on Total Number of
Calls

o Sooo T Toon
1,000 20,000 1,000 Create Curve

Upper Bound on
Total Number of Total Overall

Calls Revenue
1.000 $737.477.00
2,000 $737.,477.00
3,000 737,477.00
4,000 737,477.00
5,000 737,477.00
6,000 11,557,749.00
7,000 11,557,749.00
8,000 11,557,749.00
9,000 11,557,749.00
10,000 11,557 ,749.00
11,000 11,557,749.00
12,000 11,557,749.00
13,000 11,557 ,749.00
14,000 11,557,749.00
15,000 11,557,749.00
16,000 11,557 ,749.00 10,000 15,000 20,000
17,000 11,557,749.00
18,000 13,989,157.00
19,000 13,989,157.00
20,000 13,989,157.00

Figure CS18.5 The trade-off curve sheet.
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Contains the application description and the “Run Demo”
Welcome sheet - -
H and “Start” buttons.
@ ?;]Set:t”cal CEE Where the user enters the historical input for each customer.
Summary
S-curve

Optimizes the s-curve parameters for each customer.
parameters sheet P P

Determines the number of calls to make for each customer

RN SEE! in order to maximize the total overall profit.

Trade-off curve Displays the trade-off curve between the overall profit and
sheet the upper bound on the total number of calls.

ORI  User Interface

For this application’s user interface, we use navigational and functional buttons, input
boxes and message boxes, and a user form. Pressing the “Start” button on the welcome
sheet displays an input box for the number of customers to analyze. (See Figure CS18.6.)
The user form then ascertains from the user how the historical data will be provided. (See
Figure CS18.7.) The user has two options: import a text file, for which he or she will be
prompted to select a file to import; or enter the data manually, for which he or she will
proceed directly to the historical data sheet. This form therefore requires two option

buttons.
Number of Customers |
Hiwe many cuskomers do you want bo analyze?

Cancel |

Figure CS18.6  The input box for the number of customers.

Historical Data x|

Please select one of the following methods to enter your
historical data.

" Enter Manually

Mote, historical data should contain the following in the given order:
Customer, Nurnber of Calls, Unit Sales, Revenue per Sale, Cost per Call.
{Total Revenue per Customer will be calculated for you.)

0K Cancel

Figure CS18.7  The historical data form.

We include several message boxes on the s-curve parameters sheet to communicate with
the user. As each customer’s s-curve parameters are optimized, we display a message
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box to the user to declare that one customer’'s parameters are optimized, and so he or
she should now enter the input for the next customer. (See Figure CS18.8.)

S Curve Parameters Xl

\i‘) S Zurve paramekers For customer 2 have now been optimized.

Mow enter input For customer 3.

Figure CS18.8  The s-curve input box between customers.

When all of the customers’ s-curve parameters have been optimized, a message box
appears to inform the user that this sheet is completed. (See Figure CS18.9.)

5 Curve Parameters Donel il

-
\l‘) S Curve parameters for all customers hawe now been optimized.

Figure CS18.9  The s-curve input box when all the customers have been optimized.

We also use message boxes here for two error checks. If the user tries to go to the
optimization sheet before optimizing all the customers’ s-curve parameters, a message
box appears with an error message. (See Figure CS18.10.) If the user continues pressing
the “Calculate” button to optimize the customer’s s-curve parameters after all the
customers’ parameters have been optimized, then another error message appears. (See
Figure CS18.11.)

Must Optimize 5 Curye Paramekters! |

@ You must First opkimize the 5 Curve parameters,

Figure CS18.10 Error checking to finish the s-curve parameters before going to the
optimization sheet.

5 Curve Parameters Done! ﬁl

@ All customer's parameters have already been optimized.

Figure CS18.11 Error checking to prevent further s-curve optimization after is has been
completed.
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&2

+

&

Input box Obtains the number of customers to analyze.

Input form Determines how the user will input the historical data.
Communicates with the user on the s-curve parameter

Summary | Message boxes sheet

Navigational buttons “End,” “Return to Optimization,” “View Trade Off Curve.”
“Run Demo,” “Start,” “Find S-Curve Parameters,”

Functional buttons “Calculate,” “Go To Optimization,” “Optimize,” “Create
Curve.”

Procedures

We will now outline the procedures for this application beginning with the variable
declarations and the initial sub procedures. (See Figure CS18.12.) The “Main” procedure,
which is called from the “Start” button, calls the “ClearPrev”’ procedure to clear the
previous values from all the sheets. It then prompts the user with an input box to find the
number of customers. Next, it updates all the sheets with this value to prepare the tables.
Finally, the procedure ends by displaying the historical data form.

The “RunDemo” procedure is called from the “Run Demo” button on the welcome sheet.
(See Figure CS18.13.) It sets a Boolean value and then calls the “Main” procedure. The
Boolean value prevents the input box and the user form from being displayed to the user.
It then copies the demo data to the historical data sheet and takes the user to this sheet.

The procedures for the historical data form determine if the user will import a text file or
enter the historical data directly into the sheet. (See Figure CS18.14.) If the user selects to
import a text file, a browser window opens so the user can select his or her file. The file is
then imported to the historical data sheet. If the user selects to enter the data manually,
then the historical data sheet appears.

The “SCurve” procedure is called when the user presses the “Find S Curve Parameters”
button on the historical data sheet. (See Figure CS18.15.) It prepares the s-curve
parameters sheet by readying the Solver and copying the input values for the first
customer. If the demo is being run, then the demo sales estimates are also copied for the
first customer.

The “Calculate” button on the s-curve parameter sheet calls the “CalcS” procedure, which
performs error checking and displays message boxes for the user to communicate when
customer parameters have been optimized. (See Figure CS18.16.) It runs the Solver,
stores the s-curve parameters for each customer, and then copies the input for the next
customer.
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a0

Hax

Public NumCust is Integer, UserVal As Variant, i As Integer, _

is Double, B{) As Double, C{) As Double, D(} As Double, _

Cust is Integer, iter As Integer, Default Ais Boolean, _

A4z Double, Min As Double, StepSize A3 Integer

Sub

End

Main{) 'ealled from Start bucton
Application.ScreenUpdating = False
Call ClearPrewv

'nunkber of customers
If Defasult = False Then

TUserVal = InputBox("How many customers do you want to analyze?”, “Number of Customers"”, 6]
If UserWal = "" Then
End
ElseIf IsNumeric (UserWal) = False Then
MsgBox "Please enter a nwaber.™
Exic Sub
Else
NumCust = CInt(UservVal
End If
Else
NumCust = &
End If

‘update sheets
With Worksheets ("HistData™)
For i = 1 To NumCust - 2
.Range ("HistTable™) .Copy
.Range ("HistTable") .Offset (i, 0).Insert Shift:=x1Down

Next i
For i = 1 To NumCust
.Range ("HistStart™) .Offset (i, 0).Value = i
Next i
Range (Range ("TotalRew™) . 0ffsec (1, 0), Range ("TotalRev").0ffset (NwoCust, 0)).Name = "HistRevenuss™
Range ("HistRevenues") .FormulaR1C1 = "=R[]C[-3] *R[]C[-2] - R[]C[-4] *R[]C[-1]"
Range ("HistTotal"”) .Formula = "=SUM(HistRevenues)"
End With

With Worksheets ("Optimize™)
For i = 1 To NumCust - 2
.Range ("OptTakle™) .Copy
.Range ("OptTable™) .Offset (i, 0).Insert Shift:=xlDown

Next i
For i = 1 To MNumCust
JRange ("OptStart™) .0ffsecii, 0).Valus = i
Next i
End With

Application.CutCopyMode = False

Application.ScreenUpdating = True

If Defasult = False Then
frmHistData.Show

End If

Sub

Figure CS18.12 The variable declarations and the “Main” procedure.

fpia]

End

RunDemo [} 'called from Fun Demo button
Ipplication.Sereenlpdacing = False
Default = True

Call Main

'copy demo data
Worksheets ["DemoData™) . Range ("Dewol") . Copy
Worksheets ("HistData").Range ("HistStart").0ffset (1, 0).Pastedpecial

Worksheets ("HistData").Visible = True
Worksheets ("Uelcome") . Visible = False
Range ("i1") .3elect

Ipplication.SereenUpdacing = True
Sub

fpia]

End

ClearPrev() 'clear rows of previous data
Worksheets ("HistData") .Range (Range ["HistTable™) .0ffsec (1, 0), Range("HistTable™).End(x1Down)).Delete
Worksheets ("HistData").Range (Range ("HistTable"), Range ("HistTable").0ffset (-1, 0)).ClearContents

Worksheets ("Optimize").Range (Range ("OptTable™) . Offzet (1, 0), Range("OptTable").Endixllown)).Delete
Worksheets ("Optimize™).Range (Range ["OptTehle"), Range ("OptTable").0ffset(-1, 0)).ClearContents
Worksheets ("Optimize").Range ("OptUE").ClearContents

Worksheets ("TradeCfi") . Range (Range ("Tradedtart") . Offzet (1, 0), _
Range ("Trade3tarc®) . 0ffsecil, 1).End{x1Down)).ClearContents

Worksheets ("TradeC£ff") . Range ("MinUE") .ClearContents

Worksheets ("TradeCff™) .Range ("MaxUB") .ClearContents

Worksheets ("TradeOf£f") . Range ("StepUB") .ClearContents

Sub

Figure CS18.13 The “RunDemo” and “ClearPrev” procedures.
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Private fub cmdCancel Click()
Inload He
End

End Zub

Private fSub cwd0E_Click()
If optImport Then
'open browse window to import f£ile
Din pathname As String

pathname = Application.GetOpenFilename "TEXT (*.txt), *.txt", , "Historical Data”)

If pathname = "False™ Then
Exit Sub
End If

'go to historical data sheet
Worksheets("HistData™).Visible = True
Worksheets|"Welcowe™).Visible = Falsze
Worksheets|"HistData™).Activate

"import text file
Mith Activedheet.QueryTables,idd{Comnection:= _

"TEXT;" & pathname & "", Destination:=Range("HistStart™).0ffset(l, 0))

PreserveFormatting = True
Refreshityle = xl0verwritelells
AdjustColumniidth = False

JTextFile3tartRow = 1
TextFileParseType = x1Delimited
TextFileCommaleliniter = True

Refresh BackgroundQuery:=False
End With

Elzelf optMammal Then
'go to historical data sheet
Worksheets|"HistData™).Visible = True
Worksheets|"Welcowe™).Visible = Falsze

MzgBox "You way now enter your data into the table.”
End If

Inload He
End Sub

Figure CS18.14 The historical data form procedures.

The “GoToOpt” procedure is called from the “Go To Optimization” button on the s-curve
parameter sheet. (See Figure CS18.17.) It prepares the optimization sheet by copying the
customer names, revenues, and costs and naming several ranges for the Solver model. It
then inserts formulas for the sales using the s-curve parameters found in the previous
procedure. It also inserts a formula to calculate the total overall profit for all the customers.
Next, the Solver is prepared. If the user is running the demo, then the demo value for the
upper and lower bounds on the number of calls per customer are also inserted in the

sheet.
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Sub SCurwve () 'prepare 3 Curve sheet
Appliecation.3creenlpdating = False
Worksheets ("3Curve™) .Visible = True
Worksheets ("HistData") .Visible = False

'prep Solver

SolverReset

SolverOK SetCell:=Range ("ChjFunc™), MaxMinWVal:=2, ByChange:=Range ("DecVar"
Solveridd CellRef:=Range|"Aparam"), Relation:=1, FormulaText:=Range ("BParam"
SolverOptions LssumeNonleg:=True

Cust = 1
Relim &i{NumCust), BiMumCust), C(NuweCust), D(HumCust

'eopy data for first customer

Range ("Cust") .Value = Worksheets ("HistData"™).Range ("HistStart™).0ffsec (Cust, 0).Value
Range ("CustRev™) .Value = Torksheets ("HistData").Range ("HistRewv").0ffset (Cust, 0).Value
Range ("CustCost") .Value = Worksheets ("HistData™) .Range ("HistCost").0ffset (Cust, 0).Value

Range ("NumCalls") .Value = Worksheets ("HistData™) .Range ("HistCalls").0ffzet (Cust, 0).Value
Range ("3ales™) .Value = Worksheets ["HistData").Range ("Hist3ales").0ffset (Cust, 0).Value

If Default Then 'copy estimates for first customer
Worksheets ("DemoData™) . Bange (Range ("Dewo3") .0ffset (Cust, 1), Range("Dewo3™).0ffset(Cust, 5)).Copy
Range ("2ales3") .0ffset (1, 0).PastelSpecial xlPasteValues, , , True

End If

Range ("41").3elect
Application.Screenlpdating = True
End 3ub

Figure CS18.15 The “SCurve” procedure.
Sub CaleS() 'called from Calculate button on 3 Curve sheet
If Cust > NurmCust Then
MzgBox "ill customer's parameters have already heen optimized.", vbCritieal, "3 Curve Parsmweters Done!"
Exit Sub
End If

If Default Then 'copy estimates
Torksheets("Demolata") .Range (Range ("Demo3") .0ffset (Cust, 1), Range("Dewo3").Offset(Cust, 5)).Copy
Range ("%ales3") . 0ffset (1, 0).PasteSpecial x1PasteValues, , , True

End If

hpplication, 3creenlUpdating = False
'starting guess: a = 0, ¢ = 0.5
Range ("AParam") Walue = 0

Range ("BParam") .ClearContents
Range ("CParam") Walue = 0.5

Range ("DParam") . ClearContents

'run Solver
SolverSolve USerFinish:=True
SolverFinish KeepFinal:=True

'store parsmeters

AiCust) = Range("DecVar").Cells(1)
BiCust) = Range|"DecVar").Cells(2
CiCust) = Range|"DecVar").Cells(3
DiCust) = Range("DecVar").Cells(4

If Cust = NurCust Then
MzgBox "3 Curve parameters for all customers have now been optimized.", vbInformation, "2 Curve Parameters Done!"
Cust = Cust + 1

Else
MzgBox "3 Curve parsmeters for customer " & Cust £ " have nov been optimized.” & _

vhCrLf & vhCrLf & "Now enter input for customer " & Cust + 1 & ".", vhInformation, "3 Curve Parameters"
Cust = Cust + 1

'copy new data

Range ("Cust").Value = Worksheets("HistData").Range ("HistS3tart").0ffsetCust, 0).Value
Range ("CustRev") . Value = Torksheets("HistData").Range ("HistRev").0ffszet (Cust, 0).Value
Range ("CustCost") .Value = Worksheets("HizstData").Range ("HistCost").0ffset (Cust, 0).Value

Range ("NuCalls") .Value = Worksheets ("HistData").Range ("HistCalls") .0ffsetCust, 0).Value
Range ("%ales") .Walue = Worksheets("HistData").Range ("Hist3ales").0ffset(Cust, 0).Value
End If
Ahpplication, 3creenUpdating = True
End Sub

Figure CS18.16 The “CalcS” procedure.
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Sub GoToOptf() ‘called from Go to Optimization button on 3 Curve sheet; prepare optimization sheet

If Cust <« MmCust Then

MzgBox "You must first optimize the 5 Curve parameters.”, vbCritical, "Must Optimize 3 Curve Parameters!”™

Exit Sub
End If
Application. Screenlpdating = False
Worksheets ["Optinize™).Visible = True
Worksheets ("3Curve™).Visible = False

'cop¥ customer names, rewenues, and costs

Range (Range ("Hist3tart”).0ffset(l, 0), Range("Hist3tart").0ffsetc(MumCust, 0)).Copy
Range |"Optitart™).0ffset(l, 0).Pastedpecial x1PasteValues

Ranige (Rahge ("HistRev™).0ffzet(l, 0), Range ("HiztRev").0ffsec(MumCust, 0)).Copy
Range ("OptRev™).0ffzet(l, 0).Pasteipecial x1PasteValues

Range (Range ("HistCozt").0ffset(l, 0), Range("HistCost").0ffzet(NumCust, 0)).Copy
Range ("OptCost™).0Efzet(l, 0).FPasteipecial x1PasteValues

'name ranges
Range (Range ("0ptCalls™).0ffsetil, 0), Range("0ptCalls™).0ffset(NunCust, 0)).Nane =
Range (Range ("LB™).0ffs5et (1, 0), Ranges("LB").0ffset(NunCust, 0)).Name = "LECon™

End With

With

End If

End Zub

Range ("LECon™) . Interior.ColorIndex = 2

Range (Range ("UEB").0ffset (1, 0), Range("UB™).0ffset(NunCust, 0)).Name = "UBCon™
Range ("UECon™) . Interior.ColorIndex = 2

Range ("SumCalls").Formula = "=3TM(CallsDV¥)"™

'inzert formula for sales based on 5 Curve parameters
For i = 1 To NuwCust

Range ("Opt3ales”).0ffset(i, O0).FormulaRICL = "=INT(" & A(i) & " + ((" & _
Bii) & "-" & A(1) & "JF(R[IC[-2D)"" & Cid) & ")/(" & Did) & ™+ (R[IC[-21)™" & C{i) & ")j"
Range ("OptTotal™).0ffset(i, 0).FormulaRlCl = "=R[]C[-3]*R[IC[-2] - R[IC[-S]*R[]C[-1]"
Hext i

'calc total owverall
Range ("Opt0F™).Formila = "=3UM(" & Ranhge (Range("OptTotal™).0ffsec(l, 0],
Range ("0ptTotal™).0ffsec (NunCust, 0)).4ddress & ")

'prep Solwver

With Worksheets("Optimize™)
SolwerReset
Solwer0E SetCell:=Range ("0ptlF"), MaxMinVal:=1, ByChange:=Range ("CallsDV™)
Solwerddd CellRef:=Range("CallsD¥'), Relation:=3, FormulaText:=Range("LBCon™)
Solwerddd CellRef:=Range("CallsD¥"), Relation
Folverdadd CellRef:=Range("3umCall=s"), Relatio
Folverddd CellRef:=Range("CallsD¥"), Relation:
FolverOptions AssumeNonNeg:=True, Convergence:=False

1, FormulaText:=Range ("UECon")
=1, FormulaText:=Range ("0OptUE").iddress
4 'integer walues

If Default Then 'default bound walues
Range ("0ptUB™).Value =
Range ("LECon™).Value = 100
Range ("UBCon™) . Value =

Looon

s000

Worksheets | TradeDE£™)
.Range ("MinlUE").¥alue = 1000
.Ranige ("MaxUE") . ¥alue = 20000

.Range ("StepUB™).Value = 1000
End With

Range ("al").5elect
Application. ScreenUpdating = True

Figure CS18.

17 The “GoToOpt” procedure.

The “Optimize” procedure is called from the “Optimize” button on the optimization sheet.
(See Figure CS18.18.) It places an initial guess in the decision variable cells and then
runs the Solver.

The “TradeOff” procedure is called from the “Create Curve” button on the trade-off curve
sheet. (See Figure CS18.18.) This procedure performs a loop from the minimum trial
value to the maximum trial value using the step size specified by the user for the upper
bound value on the total number of calls. In this loop, the upper bound value is updated
and the “Optimize” procedure is re-called to re-solve the model using the Solver. When
the loop is completed, the trade-off curve chart is updated.
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e

el

(&

Summary

ub

Optimize() ‘'called from Optimize button on optimization sheet
'initial guess
For Cust = 1 To NumCust
Range ("0ptCalls").0ffset(Cust, 0).Value = Range("UE™).0ffzetiCust, 0).Value - 50
Next

'run Zolver
SJolverfolve USerFinish:=True
End Sub
Sub TradeOff() 'called from Create Curve button on trade-off sheet

End

Range (Range ("Trade3tart™).0ffsec(l, 0), Range("TradeStart™).0ffset(l, 1).Endi(x1Dowm)).ClearContents
Worksheets ("Optinize™).Visible = True

'change UE value and run solwver

iter = 1

Max = Range("MaxUB™).Value

Min = Range ("NinUB").Value

Step3ize = Range("StepUB™).Value

For i = Min To Max 5Step StepSize
Range ("0ptUB™).Value = i
Worksheets ("Optinize™).Activate
Call Optimize

Worksheets|"Tradelff").Range ("Trade3tart”™).0ffset{iter, 0).Value
Worksheets|"Trade0f£™) . Range ("Tradeitart™) . 0ffzetiter, 1).Value
iter = iter + 1

Hext i

i
Range ("O0ptdF™) . Value

Worksheets ("Optimize™).¥isible = False

Range (Range ("Trade3tart™).0ffsetc(l, 0], Range|"TradeStart™).0ffset(l, 1).End(x1Dowm)).Name = "TradeGraph”
ActiveSheet. ChartObjects(l) . Select

ActiveChart. Setiourcelata Source:=Range ("TradeGraph")

Range ("&1").5elect

Sub

Figure CS18.18 The “Optimize” and “TradeOff” procedures.

Sub EndProo()

Torksheetcs ("TMelcome™) . Vi=sible = True
Activeliheet.Wisible = False
Default = False

End Sub

Sub ReturnOpti)

Torksheetcs ("0ptimi=ze™ ) . Wi=sible = True
Activelheet.Wisible = Fal=se

End Sub

Subh ViewTradel()
Worksheets ("TradelfE™) . ¥isible = Trus
Actiwvefheet.¥isible = False

End Zub

Figure CS18.19 The navigational procedures.

Figure CS18.19 displays the navigational procedures.

Initializes the application and prompts the user with the input

Main box and historical data form.
RunDemo Copies the demo data to the historical data sheet.
ClearPrev Clears the previous values from all the sheets.
Historical data form Either import the text file or take the user to the historical data
procedures sheet to enter data manually.

Prepares the s-curve parameters sheet values and the Solver
SCurve

model.
CalcS Optimizes the s-curve parameters for the current customer.
GoToOpt Prepares the optimization sheet values and the Solver model.
Optimize Solves the optimization model.

Loops over the user’s upper bound values and records the
TradeOff e -

optimized profit values for the trade-off curve.
Navigational For the “End,” “Return to Optimization,” and “View Trade-Off

procedures Curve” buttons.
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OSYERSY  Re-solve Options

The user can re-solve this application by re-optimizing the model on the optimization sheet
or re-creating the trade-off curve on the trade-off curve sheet. To re-solve the optimization
model, the user simply changes the upper and lower bounds for the number of calls per
customer and presses the “Optimize” button again. To re-create the trade-off curve, the
user changes the interval for the trial values of the upper bound on the total number of
calls and presses the “Create Curve” button again.

E[:: “Optimize” button Can be used to re-optimize the optimization model.
Summary “Create Curve” button Can be used to re-create the trade-off curve.

ORUESHS] Summary

u This application seeks to determine the optimal allocation of sales force in order
to maximize profits.

u This application requires five worksheets: the welcome sheet, the historical data
sheet, the s-curve parameters sheet, the optimization sheet, and the trade-off
curve sheet.

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

u Several application procedures optimize the s-curve parameters, optimize the
main model, and create a trade-off curve.

u The user can re-solve this application by re-optimizing the model on the
optimization sheet or by re-creating the trade-off curve on the trade-off curve
sheet.

oSNk Wd Extensions

u Re-design the s-curve sheet such that the values for all the customers appear at
the same time on the sheet. In other words, locate the estimates, input,
calculations, errors, and parameters in one table for each customer on the sheet.
Allow the user to enter the sales estimates and optimize over all the customers
as often as desired; in this way, the user may refine his or her guesses for some
or all of the customers.

u Add a cost curve and a revenue curve to the trade-off curve. In other words, for
each upper bound trial value, not only record the total profit, but record the total
costs and revenues.

u Add error checking to ensure reasonable bounds are given. (Note that without
bounds the program will run forever; ensure that this cannot happen.)



