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Application Overview and Model Development

CS20.1.1

This application is to forecast stochastic customer arrival while considering a set of factors
that influence the forecast. We are looking at a bank scenario in which we are trying to
forecast the number of daily customers that arrive at the bank. We consider the following
factors that affect this forecast: the month, the day of the week, and such special factors
as holidays, periodic days (such as paydays), and ranges of dates (such as Christmas
week). Since this stochastic forecasting, also known as regression forecasting, requires
up to 15 independent variables, we use a non linear programming model and the Solver
as alternatives in order to estimate the coefficients of these factors.

Model Definition and Assumptions

This application determines a constant factor, a factor for each month, a factor for each
weekday, and special factors such that the sum of the square errors between the
predicted number of customers and the historical number of customers is minimized. To
forecast the number of customers with these factors, we use the following equation:

Predicted Number of Customers = Constant Factor + Month Factor +
Weekday Factor + Sum(Special Factors)

With the decision variable cells, the month number, and the weekday value for each
calendar day, we use LOOKUP functions to insert the corresponding month and weekday
factors into this formula. We also use the SUMPRODUCT function to insert the
corresponding special factors with a binary representation of which special factors are
applied to a particular date. Below is an example of how this formula is written in Excel.
(We consider month 1 = January and weekday 2 = Tuesday.)

=CFactor + HLOOKUP(1, MonthLook, 2)+HLOOKUP(2, WeekLook, 2)+ SUMPRODUCT
(SpecialFactors, $T$22:$2$22)

To insert this formula for every calendar day given in the user’s historical data, we loop
over the data and dynamically enter the formula using the month and weekday in the
corresponding row of data. We also enter the formula for the sum of squared errors
between this forecasted number of customers and the historical number of customers. In
the “Procedures” section, we will review these formulas, and in the “Worksheets” section,
we will explain the layout of the model sheet.

Do While Range("DataStart").Offset(i, 0).Value <> ""

With Range("DataStart").Offset(i, 5).Formula = "=CFactor + HLOOKUP(" &
.Offset(i, 1).Value & ",MonthLook,2) + " "HLOOKUP(" & .Offset(i, 2).Value &
" WeekLook,2)+SUMPRODUCT (SpecialFactors,”  Range("SPValues").Offset(i,
0).Address & ")".Offset(i, 6).FormulaR1C1 = "=(RC[-2] - RC[-1])"2"

End With

i=i+1
Loop

Please see Microsoft Excel: Data Analysis and Business Modeling by Winston for more
details.
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CS20.1.2

CS20.1.3

Input

The input for this application is the following:

= Historical data = the number of customers on each workday for an entire
calendar year

u Special factors = the holidays, periodic days, or a range of dates with a biased
number of customers

Output

The output for this application is the following:

u A constant factor, month factors, weekday factors, and special factors

u A predicted number of customers

= The square error between the predicted number of customers and the historical
data

= A chart of predicted and historical values

Worksheets

This application requires four sheets: the welcome sheet, the historical data sheet, the
solutions sheet, and the solutions chart sheet. The welcome sheet contains the title, the
description of the application, and the “Run Demo” and “Start” buttons. (See Figure
CS20.1.) The “Run Demo” button copies the demo data to the historical data sheet and
takes the user to this sheet. The “Start” button prompts the user for some input and then
takes him or her to the historical data sheet.

@ 2004 Hanna, Ahuja, and Winston

This application we seek to forecast stochastic customer arival
considering & set of factors influencing the forecast. We consider a bank
scenario in which we are trying to forecast the number of customers that
arrive to be served at the bank.

We consider the following factors which affect this number of daily
customers: manth of the year, day of the week, and special factors such
as holidays, periodic days (such as paydays). and ranges of dates
{such as Christmas week).

Since this stochastic forecasting, or regression forecasting, requires up
to 15 independent variables, we use a non linear programming model
and the Salver as an alternative to estimate the coefficients of these
factors.

Please see Microsoft Excel: Data Analysis and Business Modeling by
Winston for more details.

Run Demo START

= e

Figure CS20.1  The welcome sheet.

The historical data sheet contains the historical number of customers for every workday
for an entire calendar year. (See Figure CS20.2.) The user can change the calendar year
using the spin button at the top of the sheet; the calendar day, month, and weekday
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values are automatically updated for the selected year. The user can also import this
information as a text file. Once the historical data has been entered, the user presses the
“Continue” button to proceed to the solution sheet.

Historical Data Bt Continue
|Ca|en(‘lar Year| 2001 | 4 | > |
Month Week Day
(dan =1, (kon =1, | Number of
Calendar Day | Dec = 12 Fri=1a] Customers
12,2001 1 =2 1,825
14372001 1 =] 1.257
144,2001 1 4 969
1452001 1 S 1672
1482001 1 1 1.095
14872001 1 =2 531
1102001 1 =] 572
11172001 1 4 754
1122001 1 S 972
11572001 1 1 S16
11672001 1 =2 717
14172001 1 3 728
1/.1872001 1 4 711
14192001 1 S 1.545
12272001 1 1 873
12372001 1 2 713
1242001 1 3 525
172572001 1 4 B53
1.26/2001 1 S 1,080
1/28/2001 1 1 550

Figure CS20.2  The historical data sheet.

The solution sheet contains the model and the results of the model for the factors in the
customer forecasting. (See Figure CS20.3.) A constant factor, a factor for each month, a
factor for each weekday, and special factors are determined such that the sum of the
mean square errors between the predicted number of customers and the historical
number of customers is minimized. Outliers in the mean square error column are
highlighted to help the user determine if another special factor should be considered. The
user can press the “View Chart” button to view the solution chart sheet.

The Solution |U Exit HU Resalve H

Constant Factor c
a01.74

Month Factors [ T =2 T 3 ] 4 [ s | 6 [ 7 T 8 | o [ 1w | 11| 12 | Average
[ 1479 | 775 [ 5280 | 4613 | 17465 | 15222 | 16646 | 11224 | -2582 | 1240 | 3700 | 9423 | 6661
Week Day Factors ‘ il ‘ £ ‘ £l ‘ hs | s | Average
[ zze57 | w28 [ -41.64 | 1481 | 81120 | 160,35
New
Year's |Christmas Christmas
Special Factors Eve Eve Payday Week
1 2 3 4 5 6 7
0.00 0.00 0.00 0.00 0.00 0.00 0.00
Month (Week Day Historical | Predicted
tJan=1,| iMon=1, | Special | Number of | Number of Mean SUM of Mean

Calendar Day Dec=12| Fri=5) Factors | Customers [Customers |Square Error Square Errors

17272001 1 2 1525 77767 |1,006,897.46] 12,017,625.65
1/3/2001 1 3 1,267 74531 | 361,828.77
17472001 1 4 EEE] B01.76 | 27,968.05
17512001 1 5 1672 | 1398.24 | 7484318
1/8/2001 1 1096 | 101352 | 7136.38
17972001 2 B9 7767 | 7.511.91
1/10/2001 3 672 74531 | 5374.06
1A 1/2001 4 754 B01.76 | 2,281.07
14122001 1 5 972 1,3068.24 | 181,68265
/15200 1 816 101362 | 38,016.28
16200 2 77 TITET | 3.681.00
177200 3 728 74531 799 56
#16/200 4 71 B01.76 | 823747
197200 5 1545 | 1398.24 | 2183707
1220200 1 873 101362 | 18,746.67
723200 2 713 TITET | 4182.37
1247200 3

626 74531 14,234 38
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Figure CS20.3  The solution sheet.

The solution chart sheet graphs the predicted number of customers with the historical
number of customers. (See Figure CS20.4.) The user presses the “Return to Results”
button to return to the solutions sheet.

Historical vs Predicted Number of Customers Return to Results
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Figure CS20.4  The solution chart sheet.

@ Welcome sheet S:onta”ms the application description and the “Run Demo” and
Start” buttons.
@ Historical data sheet Where the user enters the historical number of customers for

every workday of an entire calendar year.
Contains the factors and predicted values resulting from the
optimization model.

Summary
Solution sheet

Contains the chart of predicted and historical number of
customers.

Oy 0me] User Interface

For this application’s user interface, we use navigational buttons, controls on the
worksheet, and two user forms. By pressing the “Start” button on the welcome sheet, the
user is shown a historical data user form. (See Figure CS20.5.) This form, which requires
two option buttons and a frame, determines if the user will import data from a text file or
enter the historical number of customers manually.

Solution chart sheet
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Historical Data x|

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

" Enter Manually

MNote: Historical data should contain the following: Calendar Day (1-365),
mMonth (1-12, Week Day (1-5), and Number of Custorners.

0K Cancel

Figure CS20.5 The historical data form.

The user then views the historical data sheet where there is a spin button control that
allows the user to change the calendar year to study. (See Figure CS20.6.) When this spin
button is changed, the linked cell is updated, and the calendar days, the month, and the
weekday values are automatically updated.

Historical Data Exit % Continue ||

[Calendar Year[ 2000 | « | >

Month |Week Day
(Jan=1, | (Mon=1, | Number of
Calendar Day | Dec =12 | Fri=5) [ Customers

1/3/2004 1
/472004
1/5/2004
1/6/2004
1772004
111072004

I P Y DI Y
= M| E= LD

Figure CS20.6  The historical data year spin button.

When the user presses the “Continue” button on this sheet, he or she views the special
factors user form. (See Figure CS20.7.) This form prompts the user to select any special
factors that may bias his or her historical number of customers. There are three categories
of special factors: holidays, periodic days (per month), and ranges of dates. For each
category, some default days are provided as well as a blank day in which the user can
create his or her own special factors. The user can select all or none of these and then
click the “Solve” button to solve the model and proceed to the solution sheet. Frames
group these categories of special factors, and check boxes are provided for each special
factor selection. Additionally, combo boxes are provided for the months, days, and
periodic type and day.
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Summary

VEED ST (£ automatically update the calendar days.

The user can select any or all of the special factors that may
Special factors form bias his or her historical data: holidays, periodic days, or

ranges of dates.

Navigational buttons “End,” “View Chart,” and “Return to Results” buttons.

x|
Please select all of the special factors which you want to
consider. You may add some new special factors by specifying
the dates that apply.
— Holidays
[ New Years Eve! December 31
[ Christmas Eve December 24
™ | other1 | = =
— Periodic Days (per month)
I payday I Last j I j
™ | other2 | =l -]
— Ranges
[ christmas Week From
December 25
To
January 1
From
™ | Dther3 | =l =
To
Solve | Cancel |
Figure CS20.7  The special factors form.
Historical data form Determines how the user enters the historical data.

Allows the user to change the year of the historical data and to

Functional buttons “Run Demo,” “Start,” “Continue,” and “Re-solve.”
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Procedures

We will now outline the procedures for this application beginning with the variable
declarations and the initial sub procedures. (See Figure CS20.8.) 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 initializes the historical data calendar dates on
the historical data sheet and takes the user to this sheet. The historical data form then
appears. The “Demo” procedure, which is called from the “Run Demo” button, copies the
demo year and data to the historical data sheet and takes the user to this sheet.

Option Explicit
Option EBase 1

Public i As Integer, ] Az Integer, _
HolRF(3, 4) As Variant, Per3Fi(Z, 4) As Variant, Fang3F(2, 4, Z) As Variant, _
StdDevMSE As Double, MeanM53E As Double

Sub Main() ‘'called frow the 3tart button
Call ClearPrewv

'initialize historical data calendar dates
Worksheets ("Hizthata™).spn¥ear.Value = 2004
j =20
i=1
Do Thile j < 360
If Weekday(Dateddd("d", 5, 1 / 1 / 2004), wvbMonday) < 6 Then
With Range ("HistData3tart™)
LO0ffset(i, 0).Value = Dateddd("d", j, "1 / 1 / 2004™)
LOffzec(i, 1l).Value = Month(Dateddd("d", j, 1 / 1 / 2004))
JOffsetii, Z).Value = Weekday(Dateddd("d", j, 1 / 1 / 2004), wbMonday)
End With
i=1i+1
End If
ij=31+1
Loop
Worksheets ("HistData').¥isible = True

Worksheets ("Melcone") . ¥isibhle = Falsze
Range ("AL™) . Select

fruflisthata. Show
End Sub

Sub Demof) 'called frow Pun Demo button
Call ClearPrewv
'copy demo year
Worksheets ("ExHistData™) .Range ("ExYear™).Copy
Worksheets ("HistData').Range ("HistYear™).Pastelpecial
'copy demo data
Worksheets ("ExHistData™) .Range ("ExData™).Copy
Worksheets ("HistData').Range ("HistDataitart”).0£Eset(l, 0).Pasteipecial
Application. CutCopyMode = False

Worksheets ("HistData').Visible = True
Worksheets ("Melcone") . ¥isibhle = Falsze
Range ("Al™).%elect

End Sub

Figure CS20.8 The variable declarations and the “Main” and “Demo” procedures.

The “ClearPrev” procedure clears the previous values and initializes the special factors
arrays. (See Figure CS20.9.) There are three special factors arrays: one for the holidays;
one for the periodic days; and one for the ranges of dates. The default dates are set, and
the Boolean values for the user selection are reset.
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Sub ClearPrev() 'clear previous values and initialize special factors arrays
Worksheets("HistData").Range ("HistData").ClearContents
With Worksheets|"Model™)
Range (Range ("Datadtart™).0ffzet(l, 0), Range("Datadtart”).0ffset(l, 6).End{xlDowm)).ClearContents
Range ("5PValues™). Coluuns. Hidden = False
Range (Range ("SF3tart”).0ffzet(l, 0), Range("SF5tart”).0ffzet(l, 6).End(x1Dowm)).ClearContents
Range ("5PFacitart”).0ffset(-2, Z).Clearfontents
Range ("5PFacitart”).0ffset(-2, 4).Clearfontents
Range ("SPFacitart”).0ffset(-2, 6).Clearfontents
Range ("CFactor™).ClearContents
Range ("MonthFactors™) . ClearContents
Range ("WeekFactors"). ClearContents
Range("SpecialFactors”).ClearContents
Range ("M3E") . Interior.ColorIndex = 2
End With

'holiday special factors dates
HolsF(L, 2) = 12 'New Tears Eve
Hol§F(1, 3) = 31
HolSF(l, 4) = 1
Hol&F(z, 2) = 12 'Christuas Eve
HolSFi2, 3) = 24
Hol§F(2, 4) = 2
HolGF(3, 4) = 3
'uzer selected
Fori=1To3
Hol5F(i, 1) = False
Hext 1

'periodic special factors
Per3F(l, 1) = False

PerSF(l, 4) = 4
PerdF(2, 1) = False
PerFiZ, 4) = 5

'range special factors
RangiF(l, 1, 1) = Falze
RangiF(2, 1, 1) = Falze

RangiF(l, 2, 1) = 12 'week start = Christwas Day
RangiF(l, 2, 2) = 25
RangiF(l, 3, 1) =1 'week end = New Years Day
RangiFil, 3, 2) =1
RangiFil, 4, 1) = 6
RangiFi2, 4, 1) = 7

End Jub

Figure CS20.9  The “ClearPrev” procedure.

The procedures for the historical data form prompt the user to select a text file if he or she
chooses to import the historical data. Or, they take the user directly to the historical data
sheet if he or she chooses to enter the data manually. (See Figure CS20.10.) The event
procedure for the spin button on the historical data sheet updates the calendar dates,
month values, and weekday values for the selected year. (See Figure CS20.11.)
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Priwvate Sub cmdCancel Click()
Tnload Me
End

End Sub

Private Sub cwd0QE_Click()
If optImnport Then 'import text file
Tmload Me

Dim pathhame Ls String
pathhame = Application.GetlpenFilename ("TEXT (*.txT), F.txt", , "Hisztorical Data™)

Worksheets("HistData™).Visible = True
WMorksheets ("Welcone™).¥isible = False
Worksheets ("HistData™).,Activate

With Activelheet.JueryTables.Add (Connection:=

"TEXT:" & pathname & """, Destination:=Range ("HistDataStart"™).0£fsetil, 0))

PreserveFormatting = True
.Refreshityle = xl0werwriteCells

.TextFileitartRow = 1
TextFileParseType = ®1Delimited
TextFileCommaleliniter = True

.Refresh BackgroundQuery:=False
End With

El=eIf optManual Then 'take user to historical data sheet
Tmload Me
Worksheets("HistData™).Visible = True
WMorksheets ("Welcone™).¥isible = False

M=gBox "Please enter your data into the appropriate columns.'™
End If
End Sub

Figure CS20.10 The historical data form procedures.

Priwate Sub spn¥ear Chandge () 'recaloulates the calendar dates for a new year walue
Dim Hist¥ear Az Double, HistDate Az Date
Hist¥ear = spn¥ear.Value
HistDate = DateVWalue("1l/1/" & Hist¥ear & ")
=20
i=1
Do While j < 360
If Weekday(Dateddd("d™, j, HistDate), wbMonday) < & Then
With Range("HistDataitart™)
JDffsetii, 0).Value = Dateddd("d"™, j, HistDate)
.0ffset(i, 1l).Value = Month(Datekidd("d", j, HistDate))
J0ffset(i, Z).Value = Weekday(Dacekdd("d”, j, HistDate), vbMonday)
End With
i=1i+1
End If
i=3+1
Loaop
End Sub

Figure CS20.11 The historical data sheet control event procedures.

The “Continue” procedure is called from the “Continue” button on the historical data sheet.
(See Figure CS20.12.) This procedure copies the historical data and pastes it on the
solution sheet for the model calculations. It then displays the special factors form and
takes the user to the solution sheet. It ends by calling the “RecordSF” and “RunSolver”
procedures.
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Sub Contimue{) 'ralled from Continue hutton on historical data sheet
'check that walues exist
If Bange|"HistDataStart").0ffset{l, 3).Value = "" Then
MsgBox "You have not entered any data"
Exit Zub
End If

Range (Range (Range ("HistDataStart") . 0ffset{l, 3}, _
Range ("HistDataStart").0ffset(l, 3).Endi{xlDowm]), Range Range("HistDataStart").0ffset{l, 3), _
Bange ("HizstDataStart") 0ffset(l, 3).End(xllowmn)).End(xlToleft)) Name = "HistData"
'copy hist data to model sheet
Worksheets("HistData") . Bange ("HistData").Copy
Bange ("DataStart").0ffsetil, 0).Pastelpecial
Range {"HistYear") . Copy
Range {"Calfear").Pastelpecial
Bange (Range {"DataStart”) . 0ffset (1, 3), Bange('DataStart").0ffset(l, 3).End{xlDown)).Cut
Artivelheet . Paste Destination:=Range("DataStart") 0ffset(l, 4)
Application. CutCopyMode = False

frufpecFact. Show

Application. Screenlpdating = False
Worksheets("Model") . Visible = True
Worksheets("HistData") . Visible = False

Call RecordSF
Call BunSolwver

Range ("A1") . Select
Application. ScreenlUpdating = True
End Subl

Figure CS20.12 The “Continue” procedure.

The procedures for the special factors form record all of the special factors selected by the
user. (See Figures CS8.13 and CS8.14.) The default days for each category are checked
as well as the user-defined special factors in each category. The application also updates
the corresponding special factors arrays, and an initialization procedure sets the row
sources of the form combo boxes and the default values.

The “RecordSF” procedure scans over the dates in the calendar from the historical data
and marks which special factor is present. (See Figure CS20.15.) A mark is also made in
the hidden special factors table, which is used in the model. For all possible days in each
category of the special factors, the corresponding special factors array values are
checked.

The “RunSolver” procedure solves the model. (See Figure CS20.16.) It inserts the
formulas for the column to predict the number of customers and to calculate the squared
error between the predicted and the historical values. “RunSolver” then names some
ranges and inserts more formulas for the sum of the squared errors, the average month
factors, and the average week factors. The Solver model is now prepared and run. The
user can then observe the solutions to highlight outliers using the mean and standard
deviation of the sum of the squared errors. Lastly, the application updates the data for the
graph of the predicted and historical values.
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Priwate Sub cmdCancel Click()

Tnload Me
Worksheets ("Welcome™) .¥isible = True
Worksheets ("HistData™).Visible = False
End
End Sub
Priwate Sub cwndOE Clicki) 'record special factors

'chech holidays
If chkHolOther Then
'record month and day

Hol3F(3, 1) = True

Hol3F(3, Z) = cwbMonthHol.Value

Hol3F(3, 3) = CInt{cubDawHol.Value]

Range ("SPFacStart™).0ff=set(-2, Hol3F(3, 4) - 1l).¥Value = txtHolOther.Walue
End If

'check payday
If chkFPayday Then

Fer3F(l, 1) = Trues

Per3F(l, 2) = cmbFLPayday.Value

Per3F(l, 3) = cumbDayPayday.Value
End If

If chkPeriodlther Then

'record

PersF(zZ, 1) = True

Per3iF(2, 2) = cmbFLOther.Value

FeriF(z, 3) = cmbDayOther.Value

Range ("3PFac3tart™).0ffseti(-2, Per3F(Z, 4] - l).Value = tCxtPeriodlther.Value
End It

'check ranges
If chkRangelther Then
'record From and To dates

Rang3F(2Z, 1, 1) = True

Rang3F(2Z, Z, 1) = cwbMonFrom.Value

Rang3F(2Z, Z, 2) = CInt{cubDayFrom.Value)

Rang3Fi(2, 3, 1) = cmbMonTo.Value

Rang3F(Z2, 3, Z) = CInti{cmbDayTo.Value)

Range ("3PFacitart”™) . 0ffsec(-2, RangiFi(zZ, 4, 1) - 1).Value = txtRangelther.Value
End It
Tnload Me|

End Sub

Figure CS20.13 The first part of the special factors form procedures.

Friwarte 3ISub chkMNew¥r_Clicki(]
If chkMew¥r Then

Hol3F(l1, 1) = True
El=se

HolZFi(l, 1) = False
End It

End Suh

Friwrate Sub chkChristmas_Click ()
If chkChristmas Then

Hol3F(=Z, 1)1 = True
El=e

Hol3F(=z, 1) = Fal=se
End If£

Emnd Subk

Priwrate Zub chkChrsWeek Click()
If chkChrsiWeek Then

Fang3F(l, 1, 1)1 = Trues
El=se

Fang3F(l, 1, 1) = False
End If

End Suh

'imitialization

Priwate Sub UserForm Initiali=ze()

combMonthHol . Row3ource = “"Months™
cmbDayHol . RowSource = ""Dates™
conhFLPavday. RowSource = "Periodic’™
cmbFLPayday.Walue = cmbFLPayday.Li=st(l)
combDayFPayday. Row3ource = ""Days™
comhFLOCher . RowSource = "Periodic™
cumbDayOther .. RowSource = "Days'™
combMonFrom. RowSource = ""Honths""
conbDayFrom. RowZ3ource = ""Dates"™
cuobMonTo.RowSource = "Months""
cmbDayTo. RowSource = ""Daces"™"

End ZSub

Figure CS20.14 The second part of the special factors form procedures.



CASE STUDY 20 M Stochastic Customer Forecasting

Jub Record3F() 'scan over dates to record special factors
j=1
Do While Range("DataStart”).0ffset(], 0)1.¥alue <> "

For i =1Tao 3
If Hol3F(i, 1) = True Then
'check month and date
If Bange("Dataitart”).0ffset(]j, 1l).Value = Hol3F({i, 2) Then
If Range("DataiTart™).0ffset(j, 0).Walue = HoliF({i, 3) Then
Range("DatafTart™).0ffzet (], 3).Value = _
Range ["DatahTart”) . 0ffset(j, 3).Value ¢ " " & HolSFii, 4)
Range("SFitart”).0ffzet (], HolSF(i, 4) - 1).Value = 1
End If
End If
End If
Next i

Fori=1To 2
If PerdF(i, 1) = True Then
'check periodic
If Bange("Datadtart”).0ffset(j, 2).Value = PeriFi{i, 3) Then
If PeriF(i, 2) = "First" Then
If Range ("Datadtart™).0ffzet(j, 0).Value <= 7 Then
Range ("TataiTart”).0ffaen (i, 3).Value = _
Range ["Data3Tart™).0ffzet(j, 3).Value & " " & PeriFi(i, 4)
Range ("5Fitart™).0ffset(j, PeriFi(i, 4) - 1).Value = 1
End If
ElzeIf PerdF(i, 2) = "Last™ Then
If Range("Dataftart”).0ffset(], 0).¥alue >= 23 Then
Range ("DataiTart™).0ff3et(], 3).Value = _
Range ["DataliTart™).0ffset(j, 3).Value & " " & PeriFi(i, 4)
Range ("3F3tart™).0ffset (], PeriF(i, 4) - 1l).Value = 1
End If
End If
End If
End If
Next ﬂ

For i =1Tao 2
If RangSF(i, 1, 11 = True Then
‘check range start to finish
If Bange|"Data3tart”).0ffset(j, 1).Value = Rang3F(i, 2, 1) Then
If (PangsF(i, 2, 1) = RangdF(i, 3, 1) And _
Range("Dataftart™).0ffzet(], 0).Value <= Rang3F(i, 3, Z)) Or _
(Rang3F(i, 2, 1) <» RangdF(i, 3, 1) ind _
Range ("Dataitart”).0ffset(j, 0).Value >= Rang3F(i, 2, 2)) Then
Range("Dataftart™).0ffzet(], 3).Valug = _
Range ("DatahTart”).0ffset(j, 3).Value ¢ " " & RangiF(i, 4, 1)
Range |"3F3tart”).0ffset (], Rang3F(i, 4, 1) - 1).Value = 1
End If
Elself Range('DataStart”).0ffset(], l).¥alue = Bangi3F(i, 3, 1) Then
If Range("Datadtart™).0ffset(j, 0).Value <= RangiF({i, 3, 2] Then
Range ("Dataitart”).0ffset (i, 3).Value = _
Range ["Data3Tart”).0ffset(j, 3).Value ¢ " " & Rang3F(i, 4, 1)
Range | "3FStart”) . 0ffset(j, RangdF({i, 4, 1) - 1).Value = 1

End If
End If
End If
Next 1
=i+l
Loap
End Sub

13

Figure CS20.15 The “RecordSF” procedure.
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Sub Pundolwer() 'solve the model

"inzer formulas for predicted mumber of custouwers and squared errors

i=1

Do While Range("DataStart™).0ffset(i, 0).Value < ™

Uith Range("Data3tart”)

J0ffset(i, 5).Formula = "=CFactor + HLOOKUR{" & .0ffzet{i, 1).Value & " MonthlLook,2) + " & _
"HLOOKUR{" & .0ffset{i, 2).Value & " Weeklook, &) + SUMPRODUCT {3pecialFactors, " & _
Range ("5PValues™) . 0ffset(i, 0).4ddress & ™"

JOffset(i, 6).ForuulaRlCl = "=(RC[-2] - RC[-1])*2"
End With
i=1+41
Loop

'name ranges and ingert wore formulas

Range (Range ("Datadtart™).0ffset(l, 6], Range("DataStart”).0ffzet{l, 6).End{x1Dowm)). Naue = "M3E"
Range ("5uwMSE") . Formula = =30 MSE)"

Range ("Honthdvg™) . Formula = "=AVERAGE (MonthFactors)”

Range ["Weekdvy™), Formula = "=AVERAGE (WeekFactors)”

'tun Solver
JolverReset
solver0F SetCell:=Range ("SumtRE™), NaMinVali=2, _

EyChange:=Range ("CFactor, NonthFactors, WeekFactors, SpecialFactors™)
Solverddd CellRef:=Range|"Monthivy™), Relation:=2, FormulaText:=[
solverddd CellRef:=Range ("Weekdwqg™), Relation:=2, FormulaText:=0
Jolverdolve UzerFinish:=True

'highlight outliers
Nearl3E = Application.WorksheetRunction, Average (Range ("MSE™))
StdDevdSE = Application.VorksheetPunction. StDev(Range ("M3E™))
i=1
Do While Range("DataStart™).0ffset(i, 0).Value < ™
If Range{"Datadtart™),0ffset{i, 6).Value »= (MeanliE + StdDevlliE) _
Or Range("Dataitart").0ffset(i, 6).Value <= (MearM3E - StdDevlSE) Then
Range("Datadtart").0ffset(i, 6).Interior.ColorIndex = 40
End If
i=1+1
Loop

'ypdate graph data
dpplication.Union(Range (Range("DataStart™).0f€zet(l, 0), _
Range ("Datadtart”).0ffzet(l, 0).End(xlDom)), _
Range ("M3E").0£fzet(0, -1), Range("MSE").0ffset(0, -2)).Name = "GraphData”
Sheets("ResultsChart™). Activate
ActiveChart, et3ourcelata Source:=Range("GraphData”
AetiveChart, SeriesCollection(l).Name = "Historical Values"
AetiveChart, SeriesCollection(2). Name = "Predicted Values"

Range("3PValues") . Coluuns, Hidden = True
Worksheets|"Model"). Activate
Range("41").3elect

End fub

Figure CS20.16 The “RunSolver” procedure.

Figure CS20.17 presents the navigational procedures.



CASE STUDY 20 M Stochastic Customer Forecasting 15

g2

A

(%

Summary

Sub ExitProgl)

End Fub

Worksheets ("Welcome™).¥izible = True
Actiwvelheet.Vizible = Falze

Sub ViewCharti)

End Zub

Sheets("ResultsChart™).Visible = True
Worksheets ("Model™).Visible = Falsze

End Sub]|

Sub Returniheet()
Worksheets ("Model™).Visible = True
Sheets("FesultsChart™).Visible = False

Figure CS20.17 The navigational procedures.

Main
Demo

ClearPrev

Historical data form
procedures

Year spin button event
procedure
Continue

Special factors form
procedures

RecordSF
RunSolver

Navigational
procedures

Initializes the application and prompts the user with the
historical data form.

Copies the demo year and data to the historical data sheet.

Clears the previous values from all the sheets and initializes
the special factors arrays.

Determine how the user will enter the historical data.

Updates the calendar dates, the month, and the weekday
values for the selected year.

Prepares the model on the solution sheet and shows the user
the special factors form.

Record the special factors selected by the user.

Marks the special factors on the calendar dates and in the
model.

Prepares the model with the formulas, runs the Solver,
highlights the outliers, and updates the graph data.

For the “End,” “View Chart,” and “Return to Results” buttons.

Oyl0Rs] Re-solve Options

The user can re-solve this application by pressing the “Re-solve” button on the solution
sheet. This button is assigned to the “Re-solve” procedure, which clears the previous
factor values and re-shows the special factors form. (See Figure CS20.18.) This option
allows the user to modify his or her selection of special factors based on the previous
results. For example, the user may notice that outliers can be found on a periodic basis
and therefore want to add a new periodic special factor to account for this pattern in the
data. Once the user updates the special factors, they are recorded in the model and the
“RecordSF” and “RunSolver” procedures are re-called. The user stays on the solution
sheet to view the updated results.
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Sub Resolve() 'resolve the problew with updated special factors
Range ("SPFacitart”).0ffset (-2, Z).ClearContents
Range ["SPFacitart” ). 0ffset (-2, 4).ClearContents
Range ("5PFacitart” ). 0ffset (-2, 6).ClearContents
frudpecFact. Show

Lpplication. Screenlpdating = False

Range ("3PValues”), Coluuns.Hidden = False

Range (Range ("3F3tart”),0ffzet(l, 0), Range("3F3tart”).0ffset(l, 6).End{x1Dowm)).ClearContents
Range (Range ("Datadtart”) . 0ffset(l, 3), Range("Dataltart”).0ffset(l, 3).End{x1Dowm)).ClearContents
Range {"CFactor™).ClearContents

Range ("MonthFactors™). ClearContents

Range ("WeekFactors"). ClearContents

Range ("SpecialFactors”).ClearContents

Range ("HSE") . Interior.ColorIndex = 2

Call RecordsF
Call Funfolver

Range ("A1"). 3elect
Lpplication, ScreenUpdating = True
End Sub

Figure CS20.18 The “Re-solve” procedure.

&2
(o “Re-solve” button on the Re-shows the special factors form and re-optimizes
Summary solution sheet the factor values and the customer forecast.

RYA0Ns] Summary

u This application is to forecast stochastic customer arrival while considering a set
of factors that influence the forecast.

" This application requires four worksheets: the welcome sheet, the historical data
sheet, the solutions sheet, and the solutions chart sheet.

u For this application’s user interface, we use navigational buttons, controls on the
worksheet, and two user forms.

u Several procedures for this application collect the historical data and the special
factors for the model and solve the model to forecast the customer arrivals.

u The user can re-solve this application by pressing the “Re-solve” button on the
solution sheet. This selection re-shows the special factors form and re-optimizes
the factor values and the customer forecast.

ORy{0Wd Extensions

" Add a dynamic element to the special factors form by selecting the first value in
the combo boxes for any corresponding special factor check box.

u Ensure that the user’'s previous selections on the special factors form appear
when the form is re-displayed during the re-solve option. In other words, if the



CASE STUDY 20 M Stochastic Customer Forecasting 17

user had previously selected a date or entered a period special factor, then it
should already be checked and entered when the form appears again.

u Attempt to solve this problem using multiple regression instead of a non-linear
programming model.



