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Abstract

Random numbers you often need for simulations, for what-if-calculations, or to anonymize
data. Here I present my collection of programs which generate random numbers: natural
numbers, integers, or floating point numbers. I use Excel’s built-in functions which means
the generated numbers are pseudo random numbers.

Disclaimer: This document is provided without warranties of any kind, either expressed
or implied, including but not limited to warranties of title or implied warranties of mer-
chantability or fitness for a particular purpose. Opinions expressed herein are subject to
change without notice. I will not assume any liability for any loss or damage kind, arising,
whether direct or indirect, caused by the use of any part of the information provided.
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1 Random Integers

1.1 Natural Random Numbers – UniqRandInt

Note: This function is shown here purely for historical reasons because it is efficiently executed
and can be useful for learning about VBA compiler constants. The newer function sbRandInt

(see below) also allows negative lower bounds and determines the best execution method at
runtime, not during compilation.

Sometimes, you need random integers that do not repeat, or only repeat a limited number
of times. For example, if you need 20 positive random integers between 1 and 100, you would
enter:

=UniqRandInt(20,100)

If the range should be between 100 and 199, you would use:

=UniqRandInt(20,100)+99

In general:

=UniqRandInt(Count, End Value { Start Value + 1) + Start Value - 1

If you need 10 positive random integers in the range 1 to 2, where each number may appear
up to 10 times, use:

=UniqRandInt(10,2,10)

In this case, the compiler constant ALLOW REPETITION must be set to True. And in case you
want 3 numbers between 1 and 100 million which must not repeat, you should set the compiler
constant LATE INITIALISATION to True:

Figure 1: UniqRandInt

5



Program Code UniqRandInt

’ I f lRange n then s e t LATE INITIALISATION to t rue . For example ,
’ i f lRange=1 ,000 ,000 and i f 1 ,000 c e l l s are s e l e c t e d (n=1000).

#Const LATE INITIALISATION = True
’ I f random in t e g e r s may occur more than once , a l l ow r e p e t i t i o n s

#Const ALLOW REPETITION = True

#I f ALLOW REPETITION Then
Function UniqRandInt (n As Long , ByVal lRange As Long ,

Optional lMaxOccurence As Long = 1) As Variant
#Else
Function UniqRandInt (n As Long , ByVal lRange As Long ) As Variant
#End I f
’ Returns n unique (=non=r epea t ing ) random in t e g e r s w i th in 1 . . lRange ,
’ lRange >= n . Set ALLOW REPETITION = True and c a l l wi th
’ lMaxOccurences > 1 i f random in t e g e r s may occur more than once .
’ (C) (P) by Bernd Plumhoff 30=Oct=2024 PB V1.04

S t a t i c bRandomized As Boolean
Dim vA As Variant
Dim vR As Variant
Dim i As Long
Dim j As Long
Dim l r As Long

I f Not bRandomized Then Randomize : bRandomized = True

#I f ALLOW REPETITION Then
I f lMaxOccurence < 1 Then

UniqRandInt = CVErr( xlErrNum )
Exit Function

End I f
lRange = lRange * lMaxOccurence

#End I f

I f n > lRange Then UniqRandInt = CVErr( xlErrValue ) : Exit Function

ReDim vR(1 To n) As Variant

ReDim vA(1 To lRange )
#I f Not LATE INITIALISATION Then

For i = 1 To lRange
#I f ALLOW REPETITION Then

vA( i ) = Int ( ( i = 1) / lMaxOccurence ) + 1
#Else

vA( i ) = i
#End I f

Next i
#End I f
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i = 1
For j = 1 To UBound(vR, 1)

l r = Int ( ( ( lRange = i + 1) * Rnd) + 1)
#I f LATE INITIALISATION Then

I f vA( l r ) = 0 Then
#I f ALLOW REPETITION Then

vR( j ) = Int ( ( l r = 1) / lMaxOccurence ) + 1
#Else

vR( j ) = l r
#End I f

Else
#End I f

vR( j ) = vA( l r )
#I f LATE INITIALISATION Then

End I f
I f vA( lRange = i + 1) = 0 Then

#I f ALLOW REPETITION Then
vA( l r ) = Int ( ( lRange = i + 1 = 1) / lMaxOccurence ) + 1

#Else
vA( l r ) = lRange = i + 1

#End I f
Else

#End I f
vA( l r ) = vA( lRange = i + 1)

#I f LATE INITIALISATION Then
End I f

#End I f
i = i + 1

Next j

UniqRandInt = vR
End Function

1.2 Random Integers – sbRandInt

If you need random integers between two given values that do not repeat, or only repeat a
limited number of times, I recommend using my user-defined function sbRandInt:

Note: If the possible range of random numbers is significantly larger than the number of
random numbers to be generated, sbRandInt delays the initialization of its arrays at runtime,
whereas with UniqRandInt, delayed initialization must be set using a compiler constant before
the program runs.
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Figure 2: sbRandInt

Program Code sbRandInt

Function sbRandInt ( ByVal lCount As Long ,
lMin As Long ,
lMax As Long ,
Optional lRept As Long = 1) As Variant

’ Returns lCount random in t e g e r s between lMin and lMax , each one
’ occurr ing zero to lRept t imes . lMax = lMin + 1 must be g r ea t e r
’ or equa l to lCount .
’ Error va l u e s :
’#NUM! = lRept i s l e s s than 1
’#REF! = lCount i s g r ea t e r than ( lMax = lMin + 1) * lRept
’#VALUE! = lCount i s l e s s than 1
’ (C) (P) by Bernd Plumhoff 30=Dec=2024 PB V1.02
S t a t i c bRandomized As Boolean
Dim i As Long , j As Long , k As Long
Dim lRnd As Long , lRange As Long
Const CLateIn i tFactor = 50

I f lCount < 1 Then sbRandInt = CVErr( xlErrValue ) : Exit Function
I f lRept < 1 Then sbRandInt = CVErr( xlErrNum ) : Exit Function
I f lCount > ( lMax = lMin + 1) * lRept Then

sbRandInt = CVErr( x lErrRef )
Exit Function

End I f
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lRange = ( lMax = lMin + 1) * lRept

ReDim l r (1 To lCount ) As Long

I f Not bRandomized Then Randomize : bRandomized = True

ReDim lT (1 To lRange ) As Long
’ I f we have a huge range o f p o s s i b l e random in t e g e r s and a comparably
’ sma l l number o f draws , i . e . i f ( lMax = lMin ) * lRept >> lCount
’ then we can save some runtime with l a t e i n i t i a l i z a t i o n .
I f lRange / lCount < CLateIn i tFactor Then

For i = 1 To lRange
lT ( i ) = Int ( ( i = 1) / lRept ) + lMin

Next i
End I f

i = 1
I f lRange / lCount < CLateIn i tFactor Then

For k = 1 To UBound( l r )
lRnd = Int ( ( ( lRange = i + 1) * Rnd) + 1)
l r ( k ) = lT ( lRnd )
lT ( lRnd ) = lT ( lRange = i + 1)
i = i + 1

Next k
Else

j = lMin : I f lMin <= 0 And lMax >= 0 Then j = 1
For k = 1 To UBound( l r )

lRnd = Int ( ( ( lRange = i + 1) * Rnd) + 1)
I f lT ( lRnd ) = 0 Then

l r ( k ) = Int ( ( lRnd = 1) / lRept ) + j
Else

l r ( k ) = lT ( lRnd )
End I f
I f lT ( lRange = i + 1) = 0 Then

lT ( lRnd ) = Int ( ( lRange = i ) / lRept ) + j
Else

lT ( lRnd ) = lT ( lRange = i + 1)
End I f
i = i + 1

Next k
’ I f lRange i n c l ud e s zero we need to s h i f t r e s u l t array

I f lMin <= 0 And lMax >= 0 Then
For k = 1 To UBound( l r )

l r ( k ) = l r ( k ) + lMin = 1
Next k

End I f
End I f

sbRandInt = l r

End Function
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2 Random Numbers with a Specified Sum

2.1 Minimum of Random Numbers Given – sbLongRandSumN

Do you need 20 natural random numbers with a sum of 100? Then I suggest using my custom
function sbLongRandSumN shown here. You can generate any number of integers with a specified
sum, while ensuring that the generated numbers do not fall below a specified minimum:

Figure 3: sbLongRandSumN

Program Code sbLongRandSumN

Function sbLongRandSumN( lSum As Long ,
ByVal lCount As Long ,
Optional ByVal lMin As Long = 0) As Variant

’ Generates lCount random in t e g e r s g r ea t e r equa l lMin
’ which sum up to lSum .
’ (C) (P) by Bernd Plumhoff 26=Apr=2013 PB V0.1
Dim i As Long
Dim lSumRest As Long

I f lCount * lMin > lSum Then sbLongRandSumN = CVErr( xlErrNum ) : Exit Function
I f lCount < 1 Then sbLongRandSumN = CVErr( xlErrValue ) : Exit Function
Randomize
ReDim vR(1 To lCount ) As Variant
lSumRest = lSum
For i = lCount To 2 Step =1

vR( i ) = lMin + Int (Rnd * ( lSumRest = lMin * i ) )
lSumRest = lSumRest = vR( i )

Next i
vR(1) = lSumRest
sbLongRandSumN = vR
End Function
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2.2 Minimum and Maximum of Random Numbers Given – sbRandIntFixSum

With sbRandIntFixSum you can generate lCount random integers between lMin and lMax with
the sum lSum.

Figure 4: sbRandIntFixSum
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Program Code sbRandIntFixSum

Function sbRandIntFixSum ( lSum As Long , lMin As Long ,
lMax As Long , Optional lCount As Long = 0 ,
Optional bUseRandTriang As Boolean = True ,
Optional b V o l a t i l e As Boolean = False ) As Variant

’ Returns lCount ( or s e l e c t e d c e l l count in case a range i s s e l e c t when
’ c a l l e d as a matrix formula ) random in t e g e r s between lMin and lMax
’ which sum up to lSum . I f bUseRandTriang the sbRandTriang d i s t r i b u t i o n
’ i s used to ” b i a s ” the randomness to be ” l e s s extreme ” .

’ Error va l u e s :
’#NUM! = No so l u t i o n e x i s t s
’#VALUE! = lCount i s l e s s than 1
’ (C) (P) by Bernd Plumhoff 05=Aug=2020 PB V0.3

Dim i As Long
Dim lRnd As Long , lMinPrev As Long
Dim lRow As Long , lCo l As Long

With Appl i ca t ion

I f TypeName( . C a l l e r ) = ”Range” And lCount = 0 Then
lCount = . C a l l e r . Count
ReDim lR (1 To . C a l l e r . Rows . Count , 1 To . C a l l e r . Columns . Count ) As Long

E l s e I f lCount < 1 Then
sbRandIntFixSum = CVErr( xlErrValue )
Exit Function

Else
ReDim lR (1 To lCount , 1 To 1) As Long

End I f

Randomize
I f b V o l a t i l e Then . V o l a t i l e

For lRow = 1 To UBound( lR , 1)
For lCo l = 1 To UBound( lR , 2)

lMinPrev = lMin
lMin = . RoundUp ( . Max( lMin , . Min( lSum / lCount , lSum / lCount

= ( lCount = 1) * ( lMax = lSum / lCount ) ) ) , 0)
lMax = . RoundDown ( . Min( lMax , .Max( lSum / lCount , lSum / lCount

+ ( lCount = 1) * ( lSum / lCount = lMinPrev ) ) ) , 0)
I f lMin > lMax Or lSum / lCount <> . Median ( lMin , lMax , lSum /

lCount ) Then
’No s o l u t i o n e x i s t s
sbRandIntFixSum = CVErr( xlErrNum )
Exit Function

End I f
I f bUseRandTriang Then

I f lMin = lMax Then
lRnd = lMin
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Else
lRnd = Int ( sbRandTriang (CDbl( lMin ) ,

lSum / lCount , CDbl( lMax ) ) + 0 . 5 )
End I f

Else
lRnd = Int (Rnd( ) * ( lMax = lMin + 1) + lMin )

End I f
lR ( lRow , lCo l ) = lRnd
lSum = lSum = lRnd
lCount = lCount = 1

Next lCo l
Next lRow

sbRandIntFixSum = lR

End With

End Function
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3 Usage Examples for Random Integers

3.1 Krabat, the Satanic Mill – How old can the apprentices become?

Krabat, the Satanic Mill is a youth novel by Otfried Preußler. I found the story fascinating,
but somewhat illogical: 12 apprentices work in the mill. Every year, one dies, and every year a
new apprentice, aged 14, is taken in. All of them age three years within one year.

After 30 years, there could be an apprentice who is 101 years old:

Figure 5: Krabat
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3.2 Generate a Math Test with Random Integer Inputs

You like to generate a math test for your kid or for your class?
The input in sheet Main:

Figure 6: Math Test Input

The solution output in sheet Sample Q and A:

Figure 7: Math Test Solution
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The exam output in sheet Sample Q:

Figure 8: Math Test Exam

16



Program Code Generate Math Test

Note: This program requires (uses) the class SystemState.

Sub Generate Math Test ( )
’ (C) (P) by Bernd Plumhoff 09=Jun=2022 PB V1.0
Dim vi , vTime
Dim lInputRow As Long
Dim lOutputRow As Long
Dim lNum As Long
Dim sExpr As String

Dim s t a t e As SystemState
Appl i ca t ion . StatusBar = False
Set s t a t e = New SystemState

vTime = Now
Randomize
wsQA. Range ( ” 1:1048576 ” ) . Delete
wsQ. Range ( ” 1:1048576 ” ) . Delete
wsQA . [ a1 ] = Range ( ” Sample Size ” ) & ”  Expres s ions  and  Results ,  generated  ”

& Format (vTime , ”dddd  dd=mmm=yyyy  hh :mm” )
wsQA . [ a2 ] = ” Express ion ”
wsQA . [ b2 ] = ” equa l s ”
wsQA . [ c2 ] = ” Result ”
wsQ . [ a1 ] = Range ( ” Sample Size ” ) & ”  Questions ,  generated  ” &

Format (vTime , ”dddd  dd=mmm=yyyy  hh :mm” )
wsQ . [ a2 ] = ” Express ion ”
wsQ . [ b2 ] = ” equa l s ”
wsQ . [ c2 ] = ”?”

lInputRow = 2
sExpr = ””
Do While Not IsEmpty( wsMain . C e l l s ( lInputRow , 1) )

I f IsNumeric (wsMain . C e l l s ( lInputRow , 1 ) )
And IsNumeric ( wsMain . C e l l s ( lInputRow , 2) ) Then

lNum = wsMain . C e l l s ( lInputRow , 1)
+ Int (Rnd( ) * (1 + wsMain . C e l l s ( lInputRow , 2) =

wsMain . C e l l s ( lInputRow , 1 ) ) )
sExpr = sExpr & lNum

Else
sExpr = sExpr & wsMain . C e l l s ( lInputRow , 1 ) . Text

End I f
lInputRow = lInputRow + 1

Loop
I f I sEr ro r ( Evaluate ( sExpr ) ) Then

wsMain . [ d5 ] = ” Express ion  ””” & sExpr & ”””  eva lua t e s  to  e r r o r ! ”
Exit Sub

End I f

For lOutputRow = 2 To 1 + Range ( ” Sample Size ” )
lInputRow = 2
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sExpr = ””
Do While Not IsEmpty( wsMain . C e l l s ( lInputRow , 1) )

I f IsNumeric (wsMain . C e l l s ( lInputRow , 1 ) )
And IsNumeric ( wsMain . C e l l s ( lInputRow , 2) ) Then

lNum = wsMain . C e l l s ( lInputRow , 1)
+ Int (Rnd( ) * (1 + wsMain . C e l l s ( lInputRow , 2) =

wsMain . C e l l s ( lInputRow , 1 ) ) )
sExpr = sExpr & lNum

Else
sExpr = sExpr & wsMain . C e l l s ( lInputRow , 1 ) . Text

End I f
lInputRow = lInputRow + 1

Loop
wsQA. C e l l s ( lOutputRow + 1 , 1) = sExpr
wsQA. C e l l s ( lOutputRow + 1 , 2) = ”=”
wsQ. C e l l s ( lOutputRow + 1 , 1) = sExpr
wsQ. C e l l s ( lOutputRow + 1 , 2) = ”=”
I f I sEr ro r ( Evaluate ( sExpr ) ) Then

wsQA. C e l l s ( lOutputRow + 1 , 3) = ” Express ion  ””” &
sExpr & ”””  eva lua t e s  to  e r r o r ! ”

wsQ . C e l l s ( lOutputRow + 1 , 3) = ” Express ion  ””” &
sExpr & ”””  eva lua t e s  to  e r r o r ! ”

Else
wsQA. C e l l s ( lOutputRow + 1 , 3) = Evaluate ( sExpr )
wsQ . C e l l s ( lOutputRow + 1 , 3) = ”?”

End I f
Next lOutputRow

wsMain . [ d5 ] = Range ( ” Sample Size ” ) &
”  Express ions  and  Results ,  generated  ” &
Format (vTime , ”dddd  dd=mmm=yyyy  hh :mm: s s ” )

End Sub
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3.3 Monte Carlo Simulation to Generate Teams Fairly – sbGenerateTeams

Do you and your 15 fiends like to play in 4 teams with 4 players each and you ask yourselves
how to create these teams randomly but with similar strengths?

You can achieve this with sbGenerateTeams:

Figure 9: sbGenerateTeams

This program combines several functionalities that I frequently use:
� The SystemState class reduces runtime.
� With enumerations, I organize access to columns flexibly – for additional or removed columns,
I simply modify the enumeration, and the program automatically adjusts the column numbers.
� New shuffling of a set of elements using UniqRandInt.
� Test data (names) were generated using sbGenerateTestData.

3.3.1 A More Complex Example

If you want to generate random teams of equal strength that have subgroups of different player
types, you can assign skill values with different powers of ten (or other powers) to each subgroup.
You just need to ensure that all subgroups in all teams have the same number of players – except
for the subgroup with the lowest skill values, which can have a different number of players in
each team:

You can adjust the skill values after a game. For example, you could increase the values
of the winners by 1, up to a maximum value for each subgroup. Or, you could decrease the
values of the losers by 1, until a minimum value for each subgroup is reached. This ensures that
changes in skill levels are represented fairly and transparently.
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Figure 10: sbGenerateTeams Complex Example

Program Code sbGenerateTeams

Note: This program requires (uses) the class SystemState and the user-defined function UniqRandInt,
and it is aligned to these named ranges:

Figure 11: sbGenerateTeams Named Ranges
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Option Explicit

#Const I Want Colors = True

#I f I Want Colors Then
Private Enum xlCI ’ Exce l Color Index
: x lCIBlack = 1 : xlCIWhite : xlCIRed : xlCIBrightGreen : xlCIBlue ’ 1 = 5
: x lCIYel low : xlCIPink : xlCITurquoise : xlCIDarkRed : xlCIGreen ’ 6 = 10
: xlCIDarkBlue : xlCIDarkYellow : x lCIV io l e t : x lCITeal : xlCIGray25 ’ 11 = 15
: xlCIGray50 : x lCIPer iw ink l e : xlCIPlum
: x lCIIvory : x lCILightTurquoise ’ 16 = 20
: xlCIDarkPurple : x lCICoral : xlCIOceanBlue
: x lCI IceBlue : xlCILightBrown ’ 21 = 25
: xlCIMagenta2 : xlCIYel low2 : xlCICyan2
: xlCIDarkPink : xlCIDarkBrown ’ 26 = 30
: xlCIDarkTurquoise : xlCISeaBlue : xlCISkyBlue
: x lCILightTurquoise2 : xlCILightGreen ’ 31 = 35
: x lCILightYel low : xlCIPaleBlue : xlCIRose : xlCILavender : xlCITan ’ 36 = 40
: x lCILightBlue : xlCIAqua : xlCILime : xlCIGold : xlCILightOrange ’ 41 = 45
: xlCIOrange : xlCIBlueGray : xlCIGray40
: xlCIDarkTeal : xlCISeaGreen ’ 46 = 50
: xlCIDarkGreen : xlCIGreenBrown : xlCIBrown
: xlCIDarkPink2 : x lCI Ind igo ’ 51 = 55
: xlCIGray80 ’ 56
End Enum
#End I f

Enum co l workshee t
col LBound = 0 ’To be a b l e to i t e r a t e from here + 1
c o l i n p l a y e r n o
c o l i n p l a ye r n am e
c o l i n p l a y e r s k i l l
c o l b l a n k 1
c o l i n t e a m s t a t s
c o l b l a n k 2
c o l i n s i m s t a t s
c o l b l a n k 3
co l out team no
co l out p laye r name
c o l o u t p l a y e r s k i l l
c o l b l a n k 4
c o l s t a t t e a m n o
c o l s t a t s u m s k i l l s
col Ubound ’To be a b l e to i t e r a t e u n t i l here = 1

End Enum ’ c o l wo r k sh e e t

Sub sbGenerateTeams ( )
’ Implements a s imple Monte Carlo s imu la t i on to randomly genera te
’ teams f a i r l y , keep ing t rack o f the teams with the l owe s t s tandard
’ d e v i a t i on o f s k i l l sums .
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’ This sub needs UniqRandInt = goog l e f o r s u l p r o b i l and uniqrand in t .
’ and the SystemState c l a s s = goog l e f o r s u l p r o b i l and sy s t ems ta t e .
’ (C) (P) by Bernd Plumhoff 07=Nov=2024 PB V0.5

Dim i As Long , j As Long , k As Long , n As Long
Dim teamcount As Long
Dim playersperteam As Long
Dim stdev hc sum As Double
Dim min stdev As Double
Dim s As Double
Dim v As Variant
Dim wsI As Worksheet
Dim s t a t e As SystemState

’ I n i t i a l i z e
Set s t a t e = New SystemState
Set wsI = ThisWorkbook . Act iveSheet
teamcount = wsI . Range ( ”TeamCount” )
wsI . Range ( ”PlayersPerTeam” ) . Ca l cu la t e
p layersperteam = wsI . Range ( ”PlayersPerTeam” )
n = teamcount * playersperteam
ReDim hc (1 To n) As Double
ReDim mina (1 To n) As Double
ReDim hc sum (1 To teamcount ) As Double
wsI . C e l l s . I n t e r i o r . ColorIndex = False
#I f I Want Colors Then
wsI . Range ( ”A1 : C1” ) . I n t e r i o r . ColorIndex = xlCIYel low
wsI . Range ( ”E1” ) . I n t e r i o r . ColorIndex = xlCIYel low
wsI . Range ( ”G1” ) . I n t e r i o r . ColorIndex = xlCIYel low
wsI . Range ( ”E4” ) . I n t e r i o r . ColorIndex = xlCIYel low
wsI . Range ( ”E2” ) . I n t e r i o r . ColorIndex = xlCILightYel low
wsI . Range ( ”G2” ) . I n t e r i o r . ColorIndex = xlCILightYel low
wsI . Range ( ”E5” ) . I n t e r i o r . ColorIndex = xlCILightYel low
wsI . Range ( ” I1 :K1” ) . I n t e r i o r . ColorIndex = xlCIBrightGreen
wsI . Range ( ”M1: N1” ) . I n t e r i o r . ColorIndex = xlCIBrightGreen
wsI . Range ( ”M” & teamcount + 2 & ” :N” &

teamcount + 2 ) . I n t e r i o r . ColorIndex = xlCILightGreen
#End I f
For j = 1 To n

hc ( j ) = wsI . C e l l s ( j + 1 , c o l i n p l a y e r s k i l l )
#I f I Want Colors Then
wsI . Range ( ”A” & j + 1 & ” :C” & j + 1 ) . I n t e r i o r . ColorIndex =

xlCILightYel low
#End I f

Next j
min stdev = 1E+308

k = 1
Do

v = UniqRandInt (n , n)
For i = 1 To teamcount
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hc sum ( i ) = 0
For j = 1 To playersperteam

hc sum ( i ) = hc sum ( i ) + hc ( v ( ( i = 1) * playersperteam + j ) )
Next j

Next i
stdev hc sum = WorksheetFunction . StDev ( hc sum )
I f stdev hc sum < min stdev Then

For i = 1 To n
mina ( i ) = v ( i )

Next i
min stdev = stdev hc sum
Appl i ca t ion . StatusBar = ” I t e r a t i o n  ” & k &

” ,  new  min  stdev  = ” & min stdev
End I f
k = k + 1

Loop Unt i l k > wsI . Range ( ”SimCount” )

wsI . Range ( wsI . C e l l s (2 , co l out team no ) ,
wsI . C e l l s (1000 , c o l s t a t s u m s k i l l s ) ) . ClearContents

For i = 1 To teamcount
s = 0#
For j = 1 To playersperteam

wsI . C e l l s (1 + ( i = 1) * playersperteam + j , co l out team no ) = i
wsI . C e l l s (1 + ( i = 1) * playersperteam + j , co l out p laye r name ) =

I I f ( ”” = wsI . C e l l s (1 + mina ( ( i = 1) *

playersperteam + j ) , c o l i n p l a ye r n am e ) ,
” [ Empty ] ” , wsI . C e l l s (1 + mina ( ( i = 1) *

playersperteam + j ) , c o l i n p l a ye r n am e ) )
wsI . C e l l s (1 + ( i = 1) * playersperteam + j , c o l o u t p l a y e r s k i l l ) =

CDbl( wsI . C e l l s (1 + mina ( ( i = 1) *

playersperteam + j ) , c o l i n p l a y e r s k i l l ) )
s = s + wsI . C e l l s (1 + mina ( ( i = 1) *

playersperteam + j ) , c o l i n p l a y e r s k i l l )
#I f I Want Colors Then
wsI . Range ( ” I ” & 1 + ( i = 1) * playersperteam + j & ” :K” & 1 +

( i = 1) * playersperteam + j ) . I n t e r i o r . ColorIndex = xlCILightGreen
#End I f

Next j
wsI . C e l l s (1 + i , c o l s t a t t e a m n o ) = i
wsI . C e l l s (1 + i , c o l s t a t s u m s k i l l s ) = s
#I f I Want Colors Then
wsI . Range ( ”M” & i + 1 & ” :N” & i + 1 ) . I n t e r i o r . ColorIndex =

xlCILightGreen
#End I f

Next i
wsI . C e l l s (2 + teamcount , c o l s t a t t e a m n o ) = ”StDev”
wsI . C e l l s (2 + teamcount , c o l s t a t s u m s k i l l s ) = min stdev
End Sub
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3.4 Monte Carlo Simulation for a Regatta Flight Plan – sbRegattaFlightPlan

If you want to generate a Regatta Flight Plan for 12 flights (sailing rounds) for 12 individual
sailors with 4 available boats, where:
� No sailor competes against another too frequently
� No sailor is assigned a boat too often
� Ideally, no sailor has to sail in consecutive flights
then hopefully this program, which is using UniqRandInt and the class SystemState, will help
you.

Input:

Figure 12: sbRegattaFlightPlan Input

Output:

Figure 13: sbRegattaFlightPlan Output
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Program Code sbRegattaFlightPlan

Note: This program requires (uses) the class SystemState and the user-defined function UniqRandInt.

#Const I Want Colors = True

#I f I Want Colors Then
Private Enum xlCI ’ Exce l Color Index
: x lCIBlack = 1 : xlCIWhite : xlCIRed : xlCIBrightGreen : xlCIBlue ’ 1 = 5
: x lCIYel low : xlCIPink : xlCITurquoise : xlCIDarkRed : xlCIGreen ’ 6 = 10
: xlCIDarkBlue : xlCIDarkYellow : x lCIV io l e t : x lCITeal : xlCIGray25 ’ 11 = 15
: xlCIGray50 : x lCIPer iw ink l e : xlCIPlum
: x lCIIvory : x lCILightTurquoise ’ 16 = 20
: xlCIDarkPurple : x lCICoral : xlCIOceanBlue
: x lCI IceBlue : xlCILightBrown ’ 21 = 25
: xlCIMagenta2 : xlCIYel low2 : xlCICyan2
: xlCIDarkPink : xlCIDarkBrown ’ 26 = 30
: xlCIDarkTurquoise : xlCISeaBlue : xlCISkyBlue
: x lCILightTurquoise2 : xlCILightGreen ’ 31 = 35
: x lCILightYel low : xlCIPaleBlue : xlCIRose : xlCILavender : xlCITan ’ 36 = 40
: x lCILightBlue : xlCIAqua : xlCILime : xlCIGold : xlCILightOrange ’ 41 = 45
: xlCIOrange : xlCIBlueGray : xlCIGray40
: xlCIDarkTeal : xlCISeaGreen ’ 46 = 50
: xlCIDarkGreen : xlCIGreenBrown : xlCIBrown
: xlCIDarkPink2 : x lCI Ind igo ’ 51 = 55
: xlCIGray80 ’ 56
End Enum
Private xlFC (1 To 56) As Boolean ’ Font co l o r : True i s b lack , Fa lse i s whi te
#End I f

Sub sbRegattaFl ightPlan ( )
’ Performs a s imple Monte Carlo s imu la t i on to c r ea t e a r e g a t t a f l i g h t p lan .
’ (C) (P) by Bernd Plumhoff 07=Jan=2023 PB V0.3
Dim i As Long , j As Long , k As Long , m As Long
Dim lAd ja c en tF l i gh t s As Long
Dim lBe s tSa i l o r InBoa t As Long
Dim l B e s t S a i l o r M e e t S a i l o r As Long
Dim lBoatCount As Long
Dim lF l ightCount As Long
Dim lLowestAdjacentFl ights As Long
Dim lMaxSai lorInBoat As Long
Dim lMaxSa i lo rMeetSa i lo r As Long
Dim l S a i l o r I n d e x As Long
Dim l Sa i l o rCount As Long
Dim lS imulat ionCount As Long
Dim ws As Worksheet
Dim s t a t e As SystemState

With Appl i ca t ion . WorksheetFunction

’ I n i t i a l i z e
Set ws = ThisWorkbook . Act iveSheet
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Set s t a t e = New SystemState
ws . C e l l s . I n t e r i o r . Pattern = xlNone
ws . C e l l s . I n t e r i o r . TintAndShade = 0
ws . C e l l s . I n t e r i o r . PatternTintAndShade = 0
ws . C e l l s . Font . ColorIndex = xlAutomatic
ws . C e l l s . Font . TintAndShade = 0

#I f I Want Colors Then
For i = 1 To 56 : xlFC ( i ) = True : Next i
xlFC ( xlCIBlack ) = False : xlFC ( xlCIRed ) = False : xlFC ( xlCIBlue ) = False
xlFC ( xlCIDarkRed ) = False : xlFC ( xlCIGreen ) = False
xlFC ( xlCIDarkBlue ) = False : xlFC ( xlCIDarkYellow ) = False
xlFC ( x lCIV io l e t ) = Fal se : xlFC ( xlCIDarkPurple ) = False
xlFC ( xlCILightBrown ) = False : xlFC ( xlCIDarkPink ) = False
xlFC ( xlCIDarkBrown ) = False : xlFC ( xlCISeaBlue ) = False
xlFC ( xlCIBlueGray ) = False : xlFC ( xlCIDarkTeal ) = Fal se
xlFC ( xlCIDarkGreen ) = False : xlFC ( xlCIGreenBrown ) = False
xlFC ( x lCIInd igo ) = False : xlFC ( xlCIGray80 ) = False
#End I f

Randomize
i = Range ( ” S a i l o r s ” ) .Row + 1
Do While Not IsEmpty(ws . C e l l s ( i + lSa i lo rCount , 1 ) )

lSa i l o rCount = lSa i l o rCount + 1
Loop
ReDim s S a i l o r (1 To lSa i l o rCount ) As String
i = Range ( ” S a i l o r s ” ) .Row
j = 1
Do While Not IsEmpty(ws . C e l l s ( i + j , 1 ) )

s S a i l o r ( j ) = ws . C e l l s ( i + j , 1)
#I f I Want Colors Then
k = ( j Mod 56) + 1
ws . C e l l s ( i + j , 1 ) . I n t e r i o r . ColorIndex = k
I f xlFC ( k ) Then

ws . C e l l s ( i + j , 1 ) . Font . ColorIndex = xlCIBlack
Else

ws . C e l l s ( i + j , 1 ) . Font . ColorIndex = xlCIWhite
End I f
#End I f
j = j + 1

Loop

lBoatCount = Range ( ”Boats” )
lF l ightCount = Range ( ” F l i g h t s ” )
lS imulat ionCount = Range ( ” S imulat ions ” )
l B e s t S a i l o r M e e t S a i l o r = lSa i l o rCount
lBe s tSa i l o r InBoa t = lBoatCount
lLowestAdjacentF l ights = lFl ightCount * l Sa i l o rCount

I f lF l ightCount * lBoatCount Mod l Sa i l o rCount <> 0 Then
Call MsgBox( ”Number  o f  f l i g h t s ” & vbCrLf & ” times  number  o f  boats ” &
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vbCrLf & ” needs  to  be  d i v i s i b l e ” & vbCrLf & ”by  number  o f  s a i l o r s ! ” ,
vbOKOnly, ” Error ” )

Exit Sub
End I f
I f lBoatCount > l Sa i l o rCount Then

Call MsgBox( ”Number  o f  boats ” & vbCrLf & ” needs  to  be  l e s s  or  equal ” &
vbCrLf & ” to  number  o f  s a i l o r s ! ” , vbOKOnly, ” Error ” )

Exit Sub
End I f

Range ( ”D:XFD” ) . EntireColumn . Delete

ReDim lBes tBoat InF l i ght (1 To lBoatCount , 1 To lFl ightCount ) As Long
For i = 1 To lSimulat ionCount

ReDim l S a i l o r I n B o a t (1 To lSa i lorCount , 1 To lBoatCount ) As Long
ReDim l S a i l o r M e e t S a i l o r (1 To lSa i lorCount , 1 To lSa i l o rCount ) As Long
ReDim lBoat InF l i gh t (1 To lBoatCount , 1 To lFl ightCount ) As Long
lAd ja c en tF l i gh t s = 0
For j = 1 To lFl ightCount

ReDim lBoat (1 To lBoatCount ) As Long
For k = 1 To lBoatCount

I f l S a i l o r I n d e x = 0 Then
ReDim v S a i l o r (1 To lSa i l o rCount ) As Variant
v S a i l o r = UniqRandInt ( lSa i lo rCount , lSa i l o rCount )
l S a i l o r I n d e x = 1

End I f
lBoat ( k ) = v S a i l o r ( l S a i l o r I n d e x )
lBoat InF l i gh t (k , j ) = v S a i l o r ( l S a i l o r I n d e x )
For m = 1 To k = 1

l S a i l o r M e e t S a i l o r ( lBoat ( k ) , lBoat (m) ) =
l S a i l o r M e e t S a i l o r ( lBoat ( k ) , lBoat (m) ) + 1

l S a i l o r M e e t S a i l o r ( lBoat (m) , lBoat ( k ) ) =
l S a i l o r M e e t S a i l o r ( lBoat (m) , lBoat ( k ) ) + 1

Next m
I f j > 1 Then

For m = 1 To lBoatCount
I f lBoat InF l i gh t (k , j ) = lBoat InF l i gh t (m, j = 1) Then

lAd ja c en tF l i gh t s = lAd jac en tF l i gh t s + 1
End I f

Next m
End I f
l S a i l o r I n B o a t ( v S a i l o r ( l S a i l o r I n d e x ) , k ) =

l S a i l o r I n B o a t ( v S a i l o r ( l S a i l o r I n d e x ) , k ) + 1
l S a i l o r I n d e x = ( l S a i l o r I n d e x + 1) Mod ( lSa i l o rCount + 1)

Next k
Next j
lMaxSa i lo rMeetSa i lo r = 0
For j = 1 To lSa i l o rCount = 1

For m = j + 1 To lSa i l o rCount
I f lMaxSa i lo rMeetSa i lo r < l S a i l o r M e e t S a i l o r ( j , m) Then

lMaxSa i lo rMeetSa i lo r = l S a i l o r M e e t S a i l o r ( j , m)
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End I f
Next m

Next j
lMaxSai lorInBoat = 0
For j = 1 To lSa i l o rCount

For m = 1 To lBoatCount
I f lMaxSai lorInBoat < l S a i l o r I n B o a t ( j , m) Then

lMaxSai lorInBoat = l S a i l o r I n B o a t ( j , m)
End I f

Next m
Next j
I f l B e s t S a i l o r M e e t S a i l o r + lBe s tSa i l o r InBoa t + lLowestAdjacentFl ights >

lMaxSa i lo rMeetSa i lo r + lMaxSai lorInBoat + lAd jac en tF l i gh t s Then
For j = 1 To lBoatCount

For m = 1 To lFl ightCount
lBes tBoat InF l i ght ( j , m) = lBoat InF l i gh t ( j , m)

Next m
Next j
l B e s t S a i l o r M e e t S a i l o r = lMaxSa i lo rMeetSa i lo r
lBe s tSa i l o r InBoa t = lMaxSai lorInBoat
lLowestAdjacentF l ights = lAd jac en tF l i gh t s

End I f
Next i

For m = 1 To lFl ightCount : ws . C e l l s (1 , 4 + m) = ” F l i gh t  ” & m: Next m
For j = 1 To lBoatCount

ws . C e l l s (1 + j , 4) = ”Boat  ” & j
For m = 1 To lFl ightCount

ws . C e l l s (1 + j , 4 + m) = s S a i l o r ( lBes tBoat InF l i ght ( j , m) )
#I f I Want Colors Then
k = ( lBes tBoat InF l i ght ( j , m) Mod 56) + 1
ws . C e l l s (1 + j , 4 + m) . I n t e r i o r . ColorIndex = k
I f xlFC ( k ) Then

ws . C e l l s (1 + j , 4 + m) . Font . ColorIndex = xlCIBlack
Else

ws . C e l l s (1 + j , 4 + m) . Font . ColorIndex = xlCIWhite
End I f
#End I f

Next m
Next j

ws . C e l l s ( j + 1 , 4) = ”Maximal  meet  o f  s a i l o r  p a i r s ”
ws . C e l l s ( j + 1 , 5) = l B e s t S a i l o r M e e t S a i l o r
ws . C e l l s ( j + 2 , 4) = ”Maximal  r e p e t i t i o n  o f  boat  per  s a i l o r ”
ws . C e l l s ( j + 2 , 5) = lBe s tSa i l o r InBoa t
ws . C e l l s ( j + 3 , 4) = ”Number  o f  s a i l o r s  with  ad jacent  f l i g h t s ”
ws . C e l l s ( j + 3 , 5) = lLowestAdjacentFl ights
Range ( ”D:XFD” ) . EntireColumn . AutoFit

End With
End Sub
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3.5 Chances at Board Game Risk

Do you know your chance of winning an attack with 15 armies on one of your countries against
a neighboring defender with 11 armies? According to the old, original rules, you could attack
with 14 of your 15 armies and would have about a 32% chance of winning, but under the new
rules, the chance would be 79%: (see blue circles)

Figure 14: Game of Risk

A conditional format colors the cells red for chances of 50% or less, a yellow background
indicates chances between 50% and 75%, and green cell colors show chances of 75% or higher:

Theoretically, both tables should be identical for the first 2 columns. Small differences are
caused by the ”incomplete” randomness of the finite Monte Carlo simulation with 10,000 runs.
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Figure 15: Game of Risk Conditional Format

Program Code Game of Risk

Note: These programs require (use) the class SystemState.

Const GCMonteCarloRuns = 10000

Sub Schedule ( )
’ Ca l cu l a t e chances f o r an a t t a c k e r at the game o f r i s k f o r both the
’ o r i g i n a l v e r s i on ( both a t t a c k e r and de fender r o l l up to 3 d i ce ) and
’ the new ver s i on ( a t t a c k e r r o l l s up to 3 dice , de fender on ly up to 2 ) .
’ Ca l l s parametr i zed sub Calcu la te Chances tw ice .
’ (C) (P) by Bernd Plumhoff 30=Sep=2012 PB V0.1
Dim ws As Worksheet
’ See : h t t p s :// jkp=ads . com/ Ar t i c l e s / per formancec lass . asp :
Dim cPer f As c l s P e r f
Dim s t a t e As SystemState

I f gbDebug Then
Set cPer f = New c l s P e r f
cPer f . SetRoutine ” Schedule ”

End I f
Appl i ca t ion . StatusBar = False
Set s t a t e = New SystemState

’ Preparat ion
Set ws = Sheets ( ”Chances” )
ws . C e l l s . ClearContents

Call Calcu late Chances ( ”Old  Vers ion :  Both  Attacker  and  ” &
defender r o l l up to ”  & ” 3 d i c e . ” ,  1 ,  3)

Ca l l  Calcu late Chances ( ”New Vers ion : Attacker r o l l s up ”  & 
  ” to 3 dice , de fender ”  & ” only up to 2 . ” ,  23 ,  2)

Ca l l  ReportPerformance

End  Sub
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Sub Calcu late Chances ( s T i t l e As String ,
lOutputRow As Long ,
lMaxDefenderArmies As Long )

’ Ca l cu l a t e chances f o r an a t t a c k e r at the game o f r i s k .
’ This sub c a l c u l a t e s the chances f o r a matrix o f 2 to 20 a t t a c k i n g armies
’ a ga in s t 1 to 20 de fend ing armies .
’ (C) (P) by Bernd Plumhoff V0.1 30=Sep=2012
Dim i As Long
Dim j As Long
Dim k As Long
Dim m As Long
Dim lAttackerDice As Long
Dim lAttackerThrow As Long
Dim lAt tacke rResu l t (1 To 3) As Long
Dim lAttackerWins As Long
Dim lDe fenderDice As Long
Dim lDefenderThrow As Long
Dim lDe f enderResu l t (1 To 3) As Long
Dim ws As Worksheet
’ See : h t t p s :// jkp=ads . com/ Ar t i c l e s / per formancec lass . asp :
Dim cPer f As c l s P e r f
Dim s t a t e As SystemState

I f gbDebug Then
Set cPer f = New c l s P e r f
cPer f . SetRoutine ” Calcu late Chances ”

End I f

Appl i ca t ion . StatusBar = False
Set s t a t e = New SystemState

With Appl i ca t ion . WorksheetFunction
’ Preparat ion
Set ws = Sheets ( ”Chances” )
ws . C e l l s ( lOutputRow , 1) = s T i t l e
ws . C e l l s ( lOutputRow + 1 , 1) = ” Attacker  armies  \  Defender  armies ”
For i = 2 To 20

Appl i ca t ion . StatusBar = ” Ca l cu l a t ing  ” & i & ”  a t t a c k e r s  f o r  ” & s T i t l e
For j = 1 To 20

ws . C e l l s ( i + lOutputRow , 1) = i
ws . C e l l s (1 + lOutputRow , j + 1) = j
lAttackerWins = 0
For k = 1 To GCMonteCarloRuns

lAttackerDice = i = 1 ’One army needs to occupy the land and
’ cannot be used to a t t a c k

lDe fenderDice = j
Do While lAttackerDice > 0 And lDe fenderDice > 0

lAttackerThrow = lAttackerDice
I f lAttackerThrow > 3 Then lAttackerThrow = 3
lDefenderThrow = lDefenderDice
I f lDefenderThrow > lMaxDefenderArmies Then
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lDefenderThrow = lMaxDefenderArmies
End I f
’ Ro l l the d i c e
For m = 2 To 3

lAttacke rResu l t (m) = 0
lDe fenderResu l t (m) = 0

Next m
For m = 1 To lAttackerThrow

lAttacke rResu l t (m) = Int (1 + Rnd * 6)
Next m
For m = 1 To lDefenderThrow

lDe fenderResu l t (m) = Int (1 + Rnd * 6)
Next m
’ Sort r e s u l t s
I f lAt tacke rResu l t (1 ) < lAt tacke rResu l t (2 ) Then

I f lAt tacke rResu l t (1 ) < lAt tacke rResu l t (3 ) Then
I f lAt tacke rResu l t (2 ) < lAt tacke rResu l t (3 ) Then

’3=2=1
m = lAttacke rResu l t (1 )
lAt tacke rResu l t (1 ) = lAttacke rResu l t (3 )
lAt tacke rResu l t (3 ) = m

Else
’2=3=1
m = lAttacke rResu l t (1 )

lAt tacke rResu l t (1 ) = lAttacke rResu l t (2 )
lAt tacke rResu l t (2 ) = lAttacke rResu l t (3 )
lAt tacke rResu l t (3 ) = m

End I f
Else

’2=1=3
m = lAttacke rResu l t (1 )
lAt tacke rResu l t (1 ) = lAttacke rResu l t (2 )
lAt tacke rResu l t (2 ) = m

End I f
Else

I f lAt tacke rResu l t (1 ) < lAt tacke rResu l t (3 ) Then
I f lAt tacke rResu l t (2 ) < lAt tacke rResu l t (3 ) Then

’3=1=2
m = lAttacke rResu l t (1 )
lAt tacke rResu l t (1 ) = lAttacke rResu l t (3 )
lAt tacke rResu l t (3 ) = lAttacke rResu l t (2 )
lAt tacke rResu l t (2 ) = m

End I f
Else

I f lAt tacke rResu l t (2 ) < lAt tacke rResu l t (3 ) Then
’1=3=2

m = lAttacke rResu l t (2 )
lAt tacke rResu l t (2 ) = lAttacke rResu l t (3 )
lAt tacke rResu l t (3 ) = m

End I f
End I f
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End I f
I f lDe f enderResu l t (1 ) < lDe f enderResu l t (2 ) Then

I f lDe f enderResu l t (1 ) < lDe f enderResu l t (3 ) Then
I f lDe f enderResu l t (2 ) < lDe f enderResu l t (3 ) Then

’3=2=1
m = lDefenderResu l t (1 )
lDe fenderResu l t (1 ) = lDe fenderResu l t (3 )
lDe fenderResu l t (3 ) = m

Else
’2=3=1
m = lDefenderResu l t (1 )

lDe fenderResu l t (1 ) = lDe fenderResu l t (2 )
lDe fenderResu l t (2 ) = lDe fenderResu l t (3 )
lDe fenderResu l t (3 ) = m

End I f
Else

’2=1=3
m = lDefenderResu l t (1 )
lDe fenderResu l t (1 ) = lDe fenderResu l t (2 )
lDe fenderResu l t (2 ) = m

End I f
Else

I f lDe f enderResu l t (1 ) < lDe f enderResu l t (3 ) Then
I f lDe f enderResu l t (2 ) < lDe f enderResu l t (3 ) Then

’3=1=2
m = lDefenderResu l t (1 )
lDe fenderResu l t (1 ) = lDe fenderResu l t (3 )
lDe fenderResu l t (3 ) = lDe fenderResu l t (2 )
lDe fenderResu l t (2 ) = m

End I f
Else

I f lDe f enderResu l t (2 ) < lDe f enderResu l t (3 ) Then
’1=3=2

m = lDefenderResu l t (2 )
lDe fenderResu l t (2 ) = lDe fenderResu l t (3 )
lDe fenderResu l t (3 ) = m

End I f
End I f

End I f
’ Analyze r e s u l t and reduce armies
For m = 1 To 3

I f lAt tacke rResu l t (m) > 0 And lDe f enderResu l t (m) > 0 Then
I f lAt tacke rResu l t (m) > lDe f enderResu l t (m) Then

lDe fenderDice = lDefenderDice = 1
Else

lAttackerDice = lAttackerDice = 1
End I f

Else
Exit For

End I f
Next m
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Loop
I f lAttackerDice > 0 Then

lAttackerWins = lAttackerWins + 1
End I f

Next k
ws . C e l l s ( i + lOutputRow , j + 1) = lAttackerWins / GCMonteCarloRuns

Next j
Next i
End With
End Sub

3.6 A Simple Monte Carlo Simulation

With Excel/VBA, it’s fairly easy to create a Monte Carlo simulation, but you should avoid
some potential pitfalls:
� Use the SystemState class to speed up the program by turning off ScreenUpdating and setting
Calculation to xlCalculationManual.
� Keep the user informed about the progress of the simulation.
� Handle unknown dimensional growth efficiently during the program.
� Be aware that Excel is generally not the best (or the fastest) simulation tool.

Figure 16: Simple Monte Carlo

3.6.1 Literature

If Excel is not too slow for your purposes it seems to be usable since Excel 2010:
Alexei Botchkarev, Assessing Excel VBA Suitability for Monte Carlo Simulation,
https://arxiv.org/ftp/arxiv/papers/1503/1503.08376.pdf
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Program Code sbMontaCarloSimulation

Note: This programs requires (uses) the class SystemState.

Sub Simulate ( )
’ Creates a s imple Monte Carlo s imu la t i on by count ing how long i t t a k e s to
throw a 3 with a d i e with 10 s u r f a c e s ( l i k e l i h o o d for each to show i s 1/10) .
’ (C) (P) by Bernd Plumhoff 23=Nov=2022 PB V0.2
Dim i As Long
Dim l S i m u la t i o n s As Long
Dim l T r i e s As Long
Dim s t a t e As SystemState

With Appl i ca t ion . WorksheetFunction
Set s t a t e = New SystemState
Randomize
l S i m u l a t i o n s = Range ( ” S imulat ions ” )
ReDim l R e s u l t (1 To 1) As Long ’ Error Handler w i l l i n c rea se as needed
On Error GoTo ErrHdl
For i = 1 To l S i m u l a t i o n s

I f i Mod 10000 = 1 Then Appl i ca t ion . StatusBar = ” Simulat ion  ” &
Format ( i , ”#,##0” ) ’ Inform the user t ha t program i s s t i l l a l i v e

l T r i e s = 0
Do

l T r i e s = l T r i e s + 1
Loop Unt i l . RandBetween (1 , 10) = 3 ’ This i s the s imu la t i on
l R e s u l t ( l T r i e s ) = l R e s u l t ( l T r i e s ) + 1

Next i
On Error GoTo 0
Range ( ”D:F” ) . ClearContents
Range ( ”D1 : F1” ) . FormulaArray = Array( ”3  showed  up  a f t e r  t h i s  many  throws ” ,

”How o f t en ” , ” Theo r e t i c a l  Value  ( rounded ) ” )
For i = 1 To UBound( l R e s u l t )

C e l l s ( i + 1 , 4) = i : C e l l s ( i + 1 , 5) = l R e s u l t ( i )
l T r i e s = .Round( l S i m u l a t i o n s * 0 . 1 , 0 ) : C e l l s ( i + 1 , 6) = l T r i e s
l S i m u l a t i o n s = l S i m u l a t i o n s = l T r i e s

Next i
End With
Exit Sub

ErrHdl :
I f Err . Number = 9 Then

’ Here we normal ly g e t i f we breach Ubound( lR e s u l t )
I f l T r i e s > UBound( l R e s u l t ) Then

’ So we need to inc rea se dimension
ReDim Preserve l R e s u l t (1 To l T r i e s )
Resume ’Back to s ta tement which caused error

End I f
End I f
On Error GoTo 0 ’ Other error = t erminate
Resume
End Sub
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4 Random Floating Point Numbers

4.1 Generate an Ideal Normal Distribution – sbGenNormDist

To generate a standard normal distribution, you typically use =NORM.S.INV(RAND()). So,
if you need a standard normal distribution with a mean of 7 and a standard deviation of 10,
you would use =NORM.INV(RAND(),7,10).

However, your normal distribution will never have exactly a mean of 7 (and never exactly
a standard deviation of 10) unless the number of random numbers approaches infinity. If you
want to achieve exactly a mean of 7 and exactly a standard deviation of 10, you need to shift
the generated set of random numbers to the mean and then scale them to the desired standard
deviation. You can accomplish this in at least three different ways:

Figure 17: sbGenNormDist
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Program Code sbGenNormDist

Function sbGenNormDist ( lCount As Long ,
dMean As Double ,
dStDev As Double ) As Variant

’ Generates lCount normal ly d i s t r i b u t e d random va lue s
’ wi th mean dMean and standard d e v i a t i on dStDev .
’ (C) (P) by Bernd Plumhoff 30=May=2024 V0.3
Dim i As Long
Dim dSampleMean As Double , dSampleStDev As Double

I f lCount < 2 Then
sbGenNormDist = CVErr( xlErrValue )
Exit Function

End I f
ReDim vR(1 To lCount ) As Variant
With Appl i ca t ion
For i = 1 To lCount

vR( i ) = . Norm Inv (Rnd( ) , dMean , dStDev )
Next i
dSampleMean = . Average (vR)
dSampleStDev = . StDev S (vR)
For i = 1 To lCount

vR( i ) = dMean + (vR( i ) = dSampleMean ) * dStDev / dSampleStDev
Next i
sbGenNormDist = . Transpose (vR)
End With
End Function
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4.2 Distributions of Random Floating Point Numbers

4.2.1 sbRandGeneral

If you need a stepwise linear distribution of random numbers, I recommend my custom function
sbRandGeneral.

Note: Any distribution can be approximated with a stepwise linear distribution, like the
one offered here, to a specified minimum accuracy.

Figure 18: sbRandGeneral
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Derivation of the Algorithm

Figure 19: sbRandGeneral - Derivation of Algorithm
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Program Code sbRandGeneral

Function sbRandGeneral (dMin As Double , dMax As Double , vXi As Variant ,
vWi As Variant , Optional dRandom As Double = 1#) As Double

’ Generates a random number , General d i s t r i b u t e d .
’ [ see Vose : Risk Analys is , 2nd ed . , p . 116]
’ (C) (P) by Bernd Plumhoff 26=Jul=2020 PB V1.01
’ S imi lar to @RISK’ s (C) RiskGeneral f unc t i on .
S t a t i c bRandomized As Boolean
Dim i As Long , lWiCount As Long , lXiCount As Long
Dim dA As Double , dRand As Double , dSgn As Double

On Error GoTo ErrorLabe l I sVar iant
lXiCount = vXi . Count
lWiCount = vWi . Count
ErrorLabelWasVariant :
On Error GoTo 0
I f lWiCount <> lXiCount Then

sbRandGeneral = CVErr( xlErrValue )
Exit Function

End I f
I f Not bRandomized Then Randomize : bRandomized = True
ReDim dX(0 To lXiCount + 1) As Double
ReDim dW(0 To lWiCount + 1) As Double

dX(0) = dMin
dX(UBound(dX) ) = dMax
dW(0) = 0#
dW(UBound(dW) ) = 0#
For i = 1 To lXiCount

dX( i ) = vXi ( i )
dW( i ) = vWi( i )

Next i

’ Ca l cu l a t e area
dA = 0#
For i = 0 To UBound(dX) = 1

I f dX( i ) >= dX( i + 1) Or dW( i ) < 0# Then
sbRandGeneral = CVErr( xlErrValue )
Exit Function

End I f
dA = dA + (dX( i + 1) = dX( i ) ) * (dW( i + 1) + dW( i ) ) / 2#

Next i

’ Normalise we i gh t s to s e t area to 1
For i = 1 To UBound(dW) = 1

dW( i ) = dW( i ) / dA
Next i

ReDim dF(0 To UBound(dX) ) As Double
’ Ca l cu l a t e border po in t s o f va lue ranges f o r
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’ cumula t ive i n v e r s e func t i on
dF(0) = 0#
dA = 0#
For i = 0 To UBound(dX) = 1

dA = dA + (dX( i + 1) = dX( i ) ) * (dW( i + 1) + dW( i ) ) / 2#
dF( i + 1) = dA

Next i
I f dRandom = 1# Then

dRand = Rnd( )
Else

dRand = dRandom
End I f
i = 1
Do While dF( i ) <= dRand

i = i + 1
Loop
dSgn = Sgn(dW( i ) = dW( i = 1) )
I f dSgn = 0# Then

sbRandGeneral = dX( i = 1) + (dRand = dF( i = 1) ) /
(dF( i ) = dF( i = 1) ) * (dX( i ) = dX( i = 1) )

Else
sbRandGeneral = dX( i = 1) +

dSgn * Sqr ( ( dRand = dF( i = 1) ) *

2# * (dX( i ) = dX( i = 1) ) / (dW( i ) = dW( i = 1) ) +
(dW( i = 1) * (dX( i ) = dX( i = 1) ) /
(dW( i ) = dW( i = 1 ) ) ) ˆ 2#) =

dW( i = 1) * (dX( i ) = dX( i = 1) ) / (dW( i ) = dW( i = 1) )
End I f
Exit Function

ErrorLabe l I sVar iant :
lXiCount = UBound( vXi ) = 1
lWiCount = UBound(vWi) = 1
Resume ErrorLabelWasVariant

End Function
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4.2.2 sbRandHistogrm

A stepwise constant distribution is the histogram distribution:

Figure 20: sbRandHistogrm

Program Code sbRandHistogrm

Function sbRandHistogrm ( dmin As Double , dMax As Double ,
vWeight As Variant , Optional dRandom = 1#) As Double

’ S p e c i f i e s a his togram d i s t r i b u t i o n wi th range dmin : dmax .
’ This range i s d i v i d ed in t o vWeight . count c l a s s e s . Each
’ c l a s s has we igh t vWeight ( i ) r e f l e c t i n g the p r o b a b i l i t y
’ o f occurrence o f a va lue w i th in the c l a s s .
’ S imi lar to @Risk ’ s f unc t i on RiskHistogrm .
’ (C) (P) by Bernd Plumhoff 18=Oct=2020 PB V1.01

Dim i As Long , n As Long , vW As Variant
Dim dRand As Double , dR As Double , dSumWeight As Double

With Appl i ca t ion . WorksheetFunction
vW = . Transpose ( . Transpose ( vWeight ) )
End With

n = UBound(vW)
ReDim dSumWeightI (0 To n) As Double

dSumWeight = 0#
dSumWeightI (0 ) = 0#
For i = 1 To n
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I f vW( i ) < 0# Then ’A nega t i v e we igh t i s an error
sbRandHistogrm = CVErr( xlErrValue )
Exit Function

End I f
dSumWeight = dSumWeight + vW( i ) ’ Ca l cu l a t e sum of a l l we i gh t s
dSumWeightI ( i ) = dSumWeight ’ Ca l cu l a t e sum of we i gh t s t i l l i

Next i

I f dSumWeight = 0# Then ’Sum of we i gh t s has to be g r ea t e r than zero
sbRandHistogrm = CVErr( xlErrValue )
Exit Function

End I f

I f dRandom = 1# Then
dRand = Rnd( )

Else
dRand = dRandom

End I f
dR = dSumWeight * dRand

i = n
Do While dR < dSumWeightI ( i )

i = i = 1
Loop

sbRandHistogrm = dmin + (dMax = dmin ) *

(CDbl( i ) + (dR = dSumWeightI ( i ) ) / vW( i + 1) ) / CDbl(n)

End Function

Similar distributions can be created by rww und redw:

Program Code rww

Function rww( ParamArray w( ) As Variant ) As Double
’ Produces random numbers wi th de f ined wid ths & we igh t s
’Rww expec t s a vec t o r o f n random widths and we i gh t i n g s
’ o f type doub le and re turns a random number o f type doub le .
’ This random number w i l l l i e in the g iven n=width=range o f the
’ [0 ,1)= i n t e r v a l wi th the g iven l i k e l i h o o d o f the n we i gh t i n g s .
’ Ca l l Randomize b e f o r e c a l l i n g rww !
’ (C) (P) by Bernd Plumhoff 06=Aug=2004 PB V0.50
’ Examples :
’ a ) rww(1 ,0 ,1 ,1 ,8 ,0) w i l l r e turn a random number between 0.1 and 0.2
’ b ) rww(5 ,2 ,5 ,1) w i l l r e turn a random number between 0 and 0.5 tw ice as
’ o f t en as a random number between 0.5 and 1 .
’ c ) rww(1/3 ,0 ,1/3 ,1 ,1/3 ,0) w i l l r e turn a random number between
’ 0.33333333333333 and 0.66666666666666.
’ d ) rww(5 ,15 .4 , 3 , 7 . 7 , 2 , 0 ) would re turn a random va lue between
’ 0 and 0 .8 , f i r s t 5 d e c i l e s wi th doub le l i k e l i h o o d than d e c i l e 6=8.
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Dim i As Long
Dim swidths As Double
Dim sw As Double

I f (UBound(w) + 1) Mod 2 <> 0 Then
rww = =2 ’No even number o f arguments : Error
Exit Function

End I f

ReDim sw id th s i (0 To (UBound(w) + 1) / 2 + 1) As Double
ReDim swi (0 To (UBound(w) + 1) / 2 + 1) As Double
ReDim weights (0 To (UBound(w) + 1) / 2) As Double
ReDim widths (0 To (UBound(w) + 1) / 2) As Double

swidths = 0#
sw = 0#
swi (0 ) = 0#
sw id th s i (0 ) = 0#
For i = 0 To (UBound(w) = 1) / 2

I f w(2 * i ) < 0# Then ’A nega t i v e width i s an error
rww = =3#
Exit Function

End I f
widths ( i ) = w(2 * i )
swidths = swidths + widths ( i )
sw id th s i ( i + 1) = swidths
I f w(2 * i + 1) < 0# Then ’A nega t i v e we igh t i s an error

rww = =1#
Exit Function

End I f
weights ( i ) = w(2 * i + 1)
I f widths ( i ) > 0# Then

sw = sw + weights ( i )
End I f
swi ( i + 1) = sw

Next i
rww = sw * Rnd
’ i = (UBound(w) = 1) / 2 + 1 ’ i a l r eady equa l s (UBound(w) = 1)/2 + 1 ,

’ you may omit t h i s s ta tement .
Do While rww < swi ( i )

i = i = 1
Loop

rww = ( sw id th s i ( i ) + (rww = swi ( i ) ) / weights ( i ) * widths ( i ) ) / swidths

End Function
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Program Code redw

Function redw ( ParamArray vWeights ( ) As Variant ) As Double
’ Produces random numbers wi th e q u i d i s t a n t we i gh t s . Redw expec t s a vec to r
’ o f n random we igh t s o f type doub le and re turns a random number o f type
’ doub le . This random number w i l l l i e in the g iven e q u i d i s t a n t n=s p l i t =range
’ o f the [0 ,1)= i n t e r v a l wi th the g iven l i k e l i h o o d o f we i gh t i n g s .
’ Ca l l Randomize b e f o r e c a l l i n g redw !
’ (C) (P) by Bernd Plumhoff 09=Dec=2009 PB V0.50
’ Examples :
’ a ) redw (0 ,1 ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0) w i l l r e turn a random number d , 0 .1 <= d < 0.2
’ b ) redw (2 ,1) w i l l r e turn a random number between 0 and 0.5 tw ice as
’ o f t en as a random number between 0.5 and 1 .
’ c ) redw (0 ,1 ,0) w i l l re turn a random number d ,
’ 0.333333333333333 <= d < 0.666666666666666.
’ d ) redw (15 . 4 , 15 . 4 , 15 . 4 , 15 . 4 , 15 . 4 , 7 . 7 , 7 . 7 , 7 . 7 , 0 , 0 ) would re turn a random
’ va lue between 0 and 0 .8 , f i r s t 5 d e c i l e s wi th doub le l i k e l i h o o d than
’ d e c i l e 6=8.

Dim i As Long
Dim dw As Double
ReDim dwi (0 To UBound( vWeights ) + 2) As Double

dw = 0#
dwi (0 ) = 0#
For i = 0 To UBound( vWeights )

I f vWeights ( i ) < 0# Then ’A nega t i v e we igh t i s an error
redw = CVErr( xlErrValue )
Exit Function

End I f
dw = dw + vWeights ( i ) ’ Ca l cu l a t e sum of a l l we i gh t s
dwi ( i + 1) = dw ’ Ca l cu l a t e sum of we i gh t s t i l l i

Next i

redw = dw * Rnd

’ i = UBound( vWeights ) + 1 ’ i a l r eady equa l s UBound( vWeights ) + 1 ,
’ you may omit t h i s s ta tement .

Do While redw < dwi ( i )
i = i = 1

Loop

redw = (CDbl( i ) + ( redw = dwi ( i ) ) / vWeights ( i ) ) /
(CDbl(UBound( vWeights ) + 1) )

End Function
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4.2.3 sbRandTriang

The triangular distribution is a continuous probability distribution whose probability density
function resembles a triangle. It is a simple distribution because you only need to know its
minimum, median, and maximum:

Figure 21: sbRandTriang

In the English-speaking world, this distribution is also referred to as the Distribution of
Missing Data, because determining it requires only a minimal amount of information. This
distribution is often used to simulate expert knowledge or when more accurate data collection
is deemed too difficult or too expensive.

Program Code sbRandTriang

Function sbRandTriang (dMin As Double , dMode As Double ,
dMax As Double , Optional dRandom = 1#) As Double

’ Generates a random number , Triang d i s t r i b u t e d
’ [ see Vose : Risk Analys is , 2nd ed . , p . 128]
’ (C) (P) by Bernd Plumhoff 30=Aug=2024 PB V0.32
’ S imi lar to @RISK’ s (C) RiskTriang func t i on .
’ sbRandTriang (minimum ,mode ,maximum) s p e c i f i e s a t r i a n g u l a r
’ d i s t r i b u t i o n wi th t h r ee po in t s = a minimum , a mode and
’ a maximum. The skew o f the t r i a n g u l a r d i s t r i b u t i o n i s
’ dr i ven by the d i s t ance o f the mode from the minimum and
’ from the maximum. Reducing the d i s t ance from mode to
’minimum w i l l i nc r ea se the skew .
’ P lease ensure t ha t you execu te Randomize b e f o r e you c a l l
’ t h i s f unc t i on f o r the f i r s t time .
Dim dRand As Double , dc a As Double , db a As Double
Dim dc b As Double

I f dMode < dMin Or dMax < dMode Then
sbRandTriang = CVErr( xlErrValue )
Exit Function
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End I f
I f dMin = dMax Then

sbRandTriang = dMin ’ Tr iang le i s j u s t one po in t
Exit Function

End I f
dc a = dMax = dMin
db a = dMode = dMin
dc b = dMax = dMode
I f dRandom = 1# Then

dRand = Rnd( )
Else

dRand = dRandom
End I f
I f dRand < db a / dc a Then

sbRandTriang = dMin + Sqr (dRand * db a * dc a )
Else

sbRandTriang = dMax = Sqr((1# = dRand) * dc a * dc b )
End I f
End Function
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4.2.4 sbRandTrigen

sbRandTrigen defines a triangular distribution with three points: one with the highest proba-
bility and two others at the specified lower and upper percentiles. These percentile parameters
have values between 0 and 100 and represent the cumulative probabilities for these lower and
upper values. This is useful when the absolute smallest and largest values of the distribution
are unknown or cannot be easily determined.

Figure 22: sbRandTrigen

Figure 23: sbRandTrigen 10,000 runs
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Derivation of the Algorithm

Figure 24: sbRandTrigen - Derivation of Algorithm Page 1
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Figure 25: sbRandTrigen - Derivation of Algorithm Page 2

Program Code sbRandTrigen

Please notice that sbRandTrigen requires (calls) sbRandTriang.

Function sbRandTrigen ( dBottom As Double , dMode As Double ,
dTop As Double , dBottomPerc As Double ,
dTopPerc As Double , Optional dRandom = 1#) As Double

’ Generates dMin random number , Triang d i s t r i b u t e d
’ wi th g iven f i r s t and l a s t d e c i l e
’ [ see Vose : Risk Analys is , 2nd ed . , p . 129]
’ (C) (P) by Bernd Plumhoff 19=Nov=2011 PB V0.32
’ S imi lar to @RISK’ s (C) RiskTrigen func t i on .
’ sbRandTrigen ( bottom , mode , top , bottom pe r c en t i l e , top p e r c e n t i l e )
’ s p e c i f i e s a t r i a n g u l a r d i s t r i b u t i o n wi th t h r ee po in t s = one
’ a t the mode and two at the s p e c i f i e d bottom and top p e r c e n t i l e s .
’The bottom p e r c e n t i l e and top p e r c e n t i l e are va l u e s between
’ 0 and 100. Each p e r c e n t i l e va lue g i v e s the p e r c e n t i l e o f the
’ t o t a l area under the t r i a n g l e t ha t i s on the l e f t s i d e o f the
’ g i ven po in t .
’ Example :
’ sbRandTrigen (1 ,8 ,10 ,20 ,95) w i l l c a l l
’ sbRandTriang (=6.13212712795534 , 8 , 11.8648937411641).
’ P lease ensure t ha t you execu te Randomize b e f o r e you c a l l
’ t h i s f unc t i on f o r the f i r s t time .

S t a t i c dBottomLast As Double
S t a t i c dModeLast As Double
S t a t i c dTopLast As Double
S t a t i c dBottomPercLast As Double
S t a t i c dTopPercLast As Double
S t a t i c dMin As Double
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S t a t i c dMax As Double
Dim dMaxNew As Double
Dim da0 As Double , da1 As Double , da2 As Double
Dim da3 As Double , da4 As Double
Dim dfe As Double , d f1e As Double
Dim dBottomPerc2 As Double , dTopPerc2 As Double
Dim i As Long

I f dBottom = dBottomLast And dMode = dModeLast And dTop = dTopLast
And dBottomPerc = dBottomPercLast And dTopPerc = dTopPercLast
And Not I sEr ro r (dMin) Then

sbRandTrigen = sbRandTriang (dMin , dMode , dMax , dRandom)
Exit Function

End I f

dBottomLast = dBottom
dModeLast = dMode
dTopLast = dTop
dBottomPercLast = dBottomPerc
dTopPercLast = dTopPerc

dBottomPerc2 = dBottomPerc / 100#
dTopPerc2 = 1# = dTopPerc / 100#
I f dMode <= dBottom Or dTop <= dMode Then

dMin = CVErr( xlErrValue ) ’ Tr igger rerun next time
sbRandTrigen = CVErr( xlErrValue )
Exit Function

End I f
I f dBottomPerc2 < 0# Or dTopPerc2 < 0# Then

dMin = CVErr( xlErrDiv0 ) ’ Tr igger rerun next time
sbRandTrigen = CVErr( xlErrValue )
Exit Function

End I f

I f dTopPerc2 = 0# Then
I f dBottomPerc2 = 0# Then

sbRandTrigen = sbRandTriang ( dBottom , dMode , dTop , dRandom)
Exit Function

End I f
sbRandTrigen = sbRandTrigen ( dBottom , dMode , dTop ,

dBottomPerc2 , dTopPerc2 )
Exit Function

End I f

da4 = dBottomPerc2 * dTopPerc2 = dBottomPerc2 + 1# =

2# * dTopPerc2 + dTopPerc2 ˆ 2#
da3 = =2# * dBottomPerc2 * dTopPerc2 * dTop =

2# * dBottomPerc2 * dTopPerc2 * dMode =

4# * dTop + 4# * dBottomPerc2 * dTop +
2# * dTopPerc2 * dMode + 4# * dTopPerc2 *

dTop + 2# * dTopPerc2 * dBottom = 2# * dTopPerc2 ˆ 2# * dMode =
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2# * dTopPerc2 ˆ 2# * dBottom
da2 = dBottomPerc2 * dTopPerc2 * dTop ˆ 2# +

4# * dBottomPerc2 * dTopPerc2 * dMode *

dTop + dBottomPerc2 * dTopPerc2 * dMode ˆ 2# =

6# * dBottomPerc2 * dTop ˆ 2# +
6# * dTop ˆ 2# = 4# * dTopPerc2 * dMode * dTop =

2# * dTopPerc2 * dTop ˆ 2# = 2# *

dTopPerc2 * dBottom * dMode = 4# * dTopPerc2 *

dBottom * dTop + dTopPerc2 ˆ 2# *

dMode ˆ 2# + 4# * dTopPerc2 ˆ 2# * dBottom *

dMode + dTopPerc2 ˆ 2# * dBottom ˆ 2#
da1 = =2# * dBottomPerc2 * dTopPerc2 * dMode *

dTop ˆ 2# = 2# * dBottomPerc2 * dTopPerc2 *

dMode ˆ 2# * dTop + 4# * dTop ˆ 3# * dBottomPerc2 =

4# * dTop ˆ 3# + 2# * dTopPerc2 *

dMode * dTop ˆ 2# + 4# * dTopPerc2 * dBottom *

dMode * dTop + 2# * dTopPerc2 *

dBottom * dTop ˆ 2# = 2# * dTopPerc2 ˆ 2# *

dBottom * dMode ˆ 2# = 2# *

dTopPerc2 ˆ 2# * dBottom ˆ 2# * dMode
da0 = dBottomPerc2 * dTopPerc2 * dMode ˆ 2# * dTop ˆ 2# =

dBottomPerc2 * dTop ˆ 4# + dTop ˆ 4# =

2# * dTopPerc2 * dBottom * dMode * dTop ˆ 2# +
dTopPerc2 ˆ 2# * dBottom ˆ 2# * dMode ˆ 2#

dMax = dTop + (dTop = dMode) / (1# = dTopPerc2 ) ˆ 2#

’Newton i t e r a t i o n
Do While Abs(dMaxNew = dMax) > 0.000000000001

i = i + 1
I f i > 30 Then

I f Abs( d fe ) > 0.000000000001 Then
dMin = CVErr( xlErrDiv0 ) ’ Tr igger rerun next time
sbRandTrigen = CVErr( xlErrValue )
Exit Function

Else
Exit Do

End I f
End I f
dMaxNew = dMax
dfe = da4 * dMaxNew ˆ 4# + da3 * dMaxNew ˆ 3# +

da2 * dMaxNew ˆ 2# + da1 * dMaxNew + da0
df1e = 4# * da4 * dMaxNew ˆ 3# + 3# * da3# *

dMaxNew ˆ 2# + 2# * da2 * dMaxNew + da1
dMax = dMax = dfe / df1e

Loop

dMin = dMax = (dMax = dTop) ˆ 2# / dTopPerc2 / (dMax = dMode)
sbRandTrigen = sbRandTriang (dMin , dMode , dMax , dRandom)

End Function
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4.2.5 sbRandCauchy

If you want to simulate how particles hit a line starting from a fixed point, you can use a Cauchy
distribution. This distribution is sometimes also called the Lorentz distribution. The quotient
of two normal distributions also results in a Cauchy distribution.

Figure 26: sbRandCauchy

Program Code sbRandCauchy

Const GCPi = 3.14159265358979

Function sbRandCauchy ( dLocation As Double , dSca le As Double ,
Optional dRandom = 1#) As Double

’ (C) (P) by Bernd Plumhoff 03=Nov=2020 PB V0.2
S t a t i c bRandomized As Boolean
Dim dRand As Double
I f dRandom < 0# Or dRandom > 1# Or dSca le <= 0# Then

sbRandCauchy = CVErr( xlErrValue )
Exit Function

End I f
I f Not bRandomized Then

Randomize
bRandomized = True

End I f
I f dRandom = 1# Then

dRand = Rnd( )
Else

dRand = dRandom
End I f
sbRandCauchy = dLocation + dSca le * Tan( ( dRand = 0 . 5 ) * GCPi)
End Function

53



4.2.6 sbRandCDFInv

You can easily generate random numbers with a desired distribution if the inverse distribution
function is explicitly available.

A stratified sample:

Figure 27: sbRandCDFInv

Without the explicitly available inverse distribution function, you can apply a linear approx-
imation using the function sbRandPDF.

Program Code sbRandCFDInv

Function sbRandCDFInv(dParam1 As Double , dParam2 As Double ,
dParam3 As Double , Optional dRandom = 1#) As Double

’ (C) (P) by Bernd Plumhoff 03=Nov=2020 PB V0.2
S t a t i c bRandomized As Boolean
Dim dRand As Double
I f dRandom < 0# Or dRandom > 1# Then

sbRandCDFInv = CVErr( xlErrValue )
Exit Function

End I f
I f Not bRandomized Then

Randomize
bRandomized = True

End I f
I f dRandom = 1# Then

dRand = Rnd( )
Else

dRand = dRandom
End I f
’ Here you need to de f i n e the in v e r s e o f the cumula t ive d i s t r i b u t i o n func t i on
sbRandCDFInv = sbRandTriang (dParam1 , dParam2 , dParam3 , dRand)
End Function
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4.2.7 sbRandPDF

If an explicit form of the inverse distribution function is available, you should use sbRand-
CDFInv. However, if such a form is not available, you can use sbRandPDF with a linear ap-
proximation. Unfortunately, this approach is computationally intensive, even if you can reduce
the number of points with identical or nearly identical slopes.

Program Code sbRandPDF

Function sbRandPDF( Optional dParam1 , Optional dParam2 ,
Optional dParam3 , Optional dRandom = 1#) As Double

’ (C) (P) by Bernd Plumhoff 12=Sep=2014 PB V0.15
Dim dRand As Double
Dim i As Long
S t a t i c dPar1 As Double
S t a t i c dPar2 As Double
S t a t i c dPar3 As Double
S t a t i c vX(0 To 1000) As Variant
S t a t i c vY(0 To 1000) As Variant
I f dRandom < 0# Or dRandom > 1# Then

sbRandPDF = CVErr( xlErrValue )
Exit Function

End I f
I f dRandom = 1# Then

dRand = Rnd( )
Else

dRand = dRandom
End I f
I f dParam1 <> dPar1 Or dParam2 <> dPar2 Or dParam3 <> dPar3 Then

dPar1 = dParam1
dPar2 = dParam2
dPar3 = dParam3
’ I n i t i a l i z e RandGeneral c a l l parameters
For i = 0 To 1000

vX( i ) = dPar1 + i * ( dPar3 = dPar1 ) / 1000#
’Now we can i n s e r t an a r b i t r a r y PDF func t i on
I f vX( i ) < dPar2 Then

vY( i ) = (vX( i ) = dPar1 ) / ( ( dPar3 = dPar1 ) * ( dPar2 = dPar1 ) )
I f vY( i ) < 0# Then vY( i ) = 0#

Else
vY( i ) = ( dPar3 = vX( i ) ) / ( ( dPar3 = dPar1 ) * ( dPar3 = dPar2 ) )
I f vY( i ) < 0# Then vY( i ) = 0#

End I f
Next i

End I f
’ Depending on the PDF input range you need to f eed s t a r t
’ and end va l u e s to sbRandGeneral
sbRandPDF = sbRandGeneral ( dPar1 , dPar3 , vX, vY, dRand)
End Function
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4.2.8 sbRandCumulative

If you need to generate a stepwise cumulative distribution function of random numbers, you
can use the custom function sbRandCumulative. The derivation of the algorithm is analogous
to sbRandGeneral.

Figure 28: sbRandCumulative

Program Code sbRandCumulative

Function sbRandCumulative (dMin As Double , dMax As Double ,
vXi As Variant , vWi As Variant , Optional dRandom = 1#) As Double

’ Generates a random number , Cumulative d i s t r i b u t e d .
’ [ see Vose : Risk Analys is , 2nd ed . , p . 109]
’ (C) (P) by Bernd Plumhoff 23=Dec=2020 PB V0.50
’ S imi lar to @RISK’ s (C) RiskCumulative func t i on .
S t a t i c bRandomized As Boolean , i As Long
Dim dA As Double , dRand As Double , dSgn As Double

I f vWi . Count <> vXi . Count Then
sbRandCumulative = CVErr( xlErrValue )
Exit Function

End I f
ReDim dX(0 To vXi . Count + 1) As Double
ReDim dW(0 To vWi . Count + 1) As Double

dX(0) = dMin
dX(UBound(dX) ) = dMax
dW(0) = 0#
dW(UBound(dW) ) = 1#
For i = 1 To vXi . Count

dX( i ) = vXi ( i )
dW( i ) = vWi( i )
I f dW( i ) < dW( i = 1) Then

’Weights need to be monotonously i n c r ea s in g
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sbRandCumulative = CVErr( xlErrValue )
Exit Function

End I f
Next i
I f dW(UBound(dW) ) < dW(UBound(dW) = 1) Then

’Weights need to be monotonously i n c r ea s in g
sbRandCumulative = CVErr( xlErrValue )
Exit Function

End I f

’ Ca l cu l a t e area
dA = 0#
For i = 0 To UBound(dX) = 1

I f dX( i ) >= dX( i + 1) Or dW( i ) < 0# Then
sbRandCumulative = CVErr( xlErrValue )
Exit Function

End I f
dA = dA + (dX( i + 1) = dX( i ) ) * (dW( i + 1) + dW( i ) ) / 2#

Next i

’ Normalise we i gh t s to s e t area to 1
For i = 1 To UBound(dW)

dW( i ) = dW( i ) / dA
Next i

ReDim dF(0 To UBound(dX) ) As Double
’ Ca l cu l a t e border po in t s o f va lue ranges f o r
’ cumula t ive i n v e r s e func t i on
dF(0) = 0#
dA = 0#
For i = 0 To UBound(dX) = 1

dA = dA + (dX( i + 1) = dX( i ) ) * (dW( i + 1) + dW( i ) ) / 2#
dF( i + 1) = dA

Next i

I f dRandom = 1# Then
I f Not bRandomized Then

Randomize
bRandomized = True

End I f
dRand = Rnd( )

Else
dRand = dRandom

End I f

i = 1
Do While dF( i ) <= dRand

i = i + 1
Loop
dSgn = Sgn(dW( i ) = dW( i = 1) )
I f dSgn = 0# Then
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sbRandCumulative = dX( i = 1) + (dRand = dF( i = 1) ) /
(dF( i ) = dF( i = 1) ) * (dX( i ) = dX( i = 1) )

Else
sbRandCumulative = dX( i = 1) +

dSgn * Sqr ( ( dRand = dF( i = 1) ) *

2# * (dX( i ) = dX( i = 1) ) / (dW( i ) = dW( i = 1) ) +
(dW( i = 1) * (dX( i ) = dX( i = 1) ) /
(dW( i ) = dW( i = 1 ) ) ) ˆ 2#) =

dW( i = 1) * (dX( i ) = dX( i = 1) ) / (dW( i ) = dW( i = 1) )
End I f

End Function
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5 Usage Examples for Random Floating Point Numbers

5.1 Generate Random Numbers with a Sum of 1 – sbRandSum1

We generate n random numbers with one condition: The sum of all the generated numbers
must equal 1. This can be achieved using several different approaches.

Three possible approaches are:
� Gradually reduce the degrees of freedom: Generate the first random number, then the sec-
ond within the range [0, 1 − First Number), then the third within [0, 1 − First Number −
Second Number), . . . , and the last number must eventually be equal to 1−Sum of all other numbers.
� Generate n random numbers and divide them by their sum.
� Simulate dividing a cake: wherever you cut, you can’t distribute more or less than the whole
cake.

The resulting distributions look like this:

Figure 29: sbRandSum1

You can easily see that the commonly used approach of dividing n random numbers by their
sum is a poor choice: you typically get numbers between 0.2 and 0.5 (see the red curve).

Note: A general approach would be the Dirichlet distribution. For an implementation in
Python, see numpy — for our above output, the size parameter should be set to 1:
numpy.random.dirichlet
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Program Code sbRandSum1

Function sbRandSum1( ByVal l D i s t As Long , Optional ByVal lCount As Long ,
Optional b V o l a t i l e As Boolean = False ) As Variant

’ sbRandSum1 produces lCount ( or the number o f s e l e c t e d c e l l s i f
’ c a l l e d from a worksheet range ) random numbers which sum up to 1 .
’ Po s s i b l e va l u e s o f lD i s t to s p e c i f y d e s i r ed d i s t r i b u t i o n :
’ 1 = reduce degree o f freedom l i n e a r l y
’ 2 = d i v i d e lCount random numbers by t h e i r sum
’ 3 = lCount=1 random cut s o f (0 ,1)= i n t e r v a l
’ I f TypeName( App l i ca t i on . Ca l l e r ) <> ”Range” Then lCount has to be s e t .
’ I t s p e c i f i e s the count o f summands which have to have the sum of 1 .
’ (C) (P) by Bernd Plumhoff 02=Aug=2020 PB V0.4
S t a t i c bRandomized As Boolean
Dim bRowWise As Boolean , vA As Variant , vT As Variant
Dim i As Long , j As Long , dSum As Double

I f b V o l a t i l e Then Appl i ca t ion . V o l a t i l e
I f Not bRandomized Then Randomize : bRandomized = True
I f TypeName( App l i ca t ion . C a l l e r ) <> ”Range” Then

I f lCount < 1 Then
sbRandSum1 = CVErr( x lErrRef )
Exit Function

End I f
bRowWise = False

Else
With Appl i ca t ion . C a l l e r

lCount = . Rows . Count
bRowWise = True
I f lCount < . Columns . Count Then

lCount = . Columns . Count
bRowWise = False

End I f
I f lCount = 1 Then

sbRandSum1 = 1
Exit Function

End I f
End With

End I f
ReDim vA(1 To lCount ) As Variant
Select Case l D i s t

Case 1
ReDim nRand(1 To lCount ) As Long
For i = 1 To lCount

nRand( i ) = i
Next i
For i = 1 To lCount = 1

j = Int (Rnd * ( lCount = i + 1) ) + i
vA(nRand( j ) ) = Rnd * (1# = dSum)
dSum = dSum + vA(nRand( j ) )
nRand( j ) = nRand( i )
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Next i
vA(nRand( lCount ) ) = 1# = dSum

Case 2
For i = 1 To lCount

vA( i ) = Rnd
dSum = dSum + vA( i )

Next i
For i = 1 To lCount

vA( i ) = vA( i ) / dSum
Next i

Case 3
For i = 1 To lCount = 1

vA( i ) = Rnd
j = i = 1
Do While j > 0

I f vA( j ) > vA( j + 1) Then
vT = vA( j + 1)
vA( j + 1) = vA( j )
vA( j ) = vT

End I f
j = j = 1

Loop
Next i
vA( lCount ) = 1# = vA( lCount = 1)
i = lCount = 1
Do While i > 1

vA( i ) = vA( i ) = vA( i = 1)
i = i = 1

Loop
Case Else

sbRandSum1 = CVErr( xlErrValue )
Exit Function

End Select
I f bRowWise Then vA = Appl i ca t ion . WorksheetFunction . Transpose (vA)
sbRandSum1 = vA
End Function
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5.2 Exact Relation of Random Numbers - sbExactRandHistogrm

It is fairly easy to create a loaded die, let us say on average the 6 should appear twice as often
as all the other numbers 1 thru 5: Enter into A1: =MIN(INT(RAND()*7+1),6)

But what if you want to create 7 rolls of this die and all numbers between 1 and 5 should
appear exactly once and 6 exactly twice?

Here is a general solution:

Figure 30: sbExactRandHistogrm

Figure 31: sbExactRandHistogrm Formulas

62



The User-Defined VBA Function sbExactRandHistogrm

Name
sbExactRandHistogrm – Create an exact double histogram distribution.

Synopsis
sbExactRandHistogrm(ldraw, dmin, dmax, vWeight)

Description
sbExactRandHistogrm creates an exact histogram distribution for ldraw draws of float-

ing point numbers with double precision within range dmin:dmax. This range is divided into
vWeight.count classes. Each class has weight vWeight(i), reflecting the probability of occur-
rence of a value within the class. If weights can’t be achieved exactly for ldraw draws the
largest remainder method will be applied to minimize the absolute error. This function calls
RoundToSum - see Appendix A.

Parameters

ldraw - Number of draws

dmin - Minimum = lower boundary of range of numbers to draw

dmax - Maximum = upper boundary of range of numbers to draw

vWeight - Array of weights. Array size determines the number of different classes the range
dmin : dmax is divided into. Values in this array specify likelihood of this class’ numbers to
appear (be drawn).

Program Code sbExactRandHistogrm

Function sbExactRandHistogrm ( ldraw As Long ,
dmin As Double ,
dmax As Double ,
vWeight As Variant ) As Variant

’ Creates an exac t his togram d i s t r i b u t i o n f o r ldraw draws wi th in range
’ dmin : dmax . This range i s d i v i d ed in t o vWeight . count c l a s s e s . Each
’ c l a s s has we igh t vWeight ( i ) r e f l e c t i n g the p r o b a b i l i t y o f occurrence
’ o f a va lue w i th in the c l a s s . I f we i gh t s can ’ t be ach ieved e x a c t l y f o r
’ ldraw draws the l a r g e s t remainder method w i l l be app l i e d to
’ minimize the a b s o l u t e error . This f unc t i on c a l l s ( needs ) RoundToSum.
’ (C) (P) by Bernd Plumhoff 01=May=2021 PB V0.9

Dim i As Long , j As Long , n As Long
Dim vW As Variant
Dim dSumWeight As Double , dR As Double

Randomize
With Appl i ca t ion . WorksheetFunction
vW = . Transpose ( vWeight )
On Error GoTo Errhdl
i = vW(1) ’Throw error in case o f h o r i z on t a l array
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On Error GoTo 0

n = UBound(vW)
ReDim dWeight (1 To n) As Double
ReDim dSumWeightI (0 To n) As Double
ReDim vR(1 To ldraw ) As Variant

For i = 1 To n
I f vW( i ) < 0# Then ’A nega t i v e we igh t i s an error

sbExactRandHistogrm = CVErr( xlErrValue )
Exit Function

End I f
’ Ca l cu l a t e sum of a l l we i gh t s
dSumWeight = dSumWeight + vW( i )

Next i

I f dSumWeight = 0# Then
’Sum of we i gh t s has to be g r ea t e r zero
sbExactRandHistogrm = CVErr( xlErrValue )
Exit Function

End I f

For i = 1 To n
’ Al ign we i gh t s to number o f draws
dWeight ( i ) = CDbl( ldraw ) * vW( i ) / dSumWeight

Next i

vW = RoundToSum( dWeight , 0)
On Error GoTo Errhdl
i = vW(1) ’Throw error in case o f h o r i z on t a l array
On Error GoTo 0

For j = 1 To ldraw

dSumWeight = 0#
dSumWeightI (0 ) = 0#
For i = 1 To n

’ Ca l cu l a t e sum of a l l we i gh t s
dSumWeight = dSumWeight + vW( i )
’ Ca l cu l a t e sum of we i gh t s t i l l i
dSumWeightI ( i ) = dSumWeight

Next i

dR = dSumWeight * Rnd

i = n
Do While dR < dSumWeightI ( i )

i = i = 1
Loop

vR( j ) = dmin + (dmax = dmin ) * (CDbl( i ) +
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(dR = dSumWeightI ( i ) ) / vW( i + 1) ) / CDbl(n)
vW( i + 1) = vW( i + 1) = 1#

Next j

sbExactRandHistogrm = vR

Exit Function

Errhdl :
’ Transpose va r i an t s to be a b l e to address
’ them with vW( i ) , not vW( i , 1 )

vW = . Transpose (vW)
Resume Next
End With

End Function

5.3 ”Less”-repeating Random Numbers – sbRandomNoRepeatBeforeN

If you want to perform a random pick on some items (names, numbers, whatever), and these
items can occur more than once but you need them not to re-appear within the next N draws,
the function shown here will help. It calls sbRandHistogrm which you will need to include into
your VBA code. This function is a fairly advanced example on how to use scripting dictionaries
(associative arrays). It shows:

� How to attach values to names (keys)
� How to add, to remove and to change key / value pairs
� How to look up values
� How to access the whole value set as an array
� How to test whether a dictionary is empty (i.e. has no entries)
� How to access values numerically indexed (can be used to numerically index through the key
or value set)

An example for N = 3:

Figure 32: sbRandomNoRepeatBeforeN
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Please notice that for some data or for some random sequence a solution might be impossible.
With the same input data as above but a different random sequence you can get:

Figure 33: sbRandomNoRepeatBeforeN Error Example

As you can see, the single ”C” and ”D” have been picked already and the additional ”A”s
or ”B” would violate the gap condition of 3 cells in B5.

Program Code sbRandomNoRepeatBeforeN

Note: This function requires (uses) the function sbRandHistoGrm.

Function sbRandomNoRepeatBeforeN ( rInput As Range , lN As Long ) As Variant
’From names in rInput we c rea t e a random draw in to the
’ s e l e c t e d c e l l s t h i s f unc t i on i s c a l l e d from as an array
’ f unc t i on ( entered wi th CTRL + SHIFT + ENTER) so t ha t no
’name re=appears in the next lN c e l l s .
’ This f unc t i on needs / c a l l s sbRandHistogrm .
’ (C) (P) by Bernd Plumhoff 20=Dec=2012 PB V0.10

Dim i As Long , j As Long , lDrawn As Long , lCo l As Long , lRow As Long
Dim obj As Object
ReDim vNames(1 To lN ) As Variant
ReDim lCount (1 To lN ) As Long

With Appl i ca t ion
’ Parameter check
I f TypeName( . C a l l e r ) <> ”Range” Then

sbRandomNoRepeatBeforeN = CVErr( x lErrRef )
Exit Function

End I f
I f . C a l l e r . Rows . Count * . C a l l e r . Columns . Count > r Input . Count Then

sbRandomNoRepeatBeforeN = CVErr( xlErrValue )
Exit Function

End I f

ReDim vR(1 To . C a l l e r . Rows . Count , 1 To . C a l l e r . Columns . Count )

’ F i r s t read in a l l names . They may appear more than once .
Set obj = CreateObject ( ” S c r i p t i n g . Dic t ionary ” )
For i = 1 To rInput . Count
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obj . Item ( rInput ( i ) . Value ) = obj . Item ( rInput ( i ) . Value ) + 1
Next i

’Now app ly the draws . Af ter each draw take drawn name out
’ f o r next lN draws .
i = 1
For lRow = 1 To UBound(vR, 1)

For lCo l = 1 To UBound(vR, 2)
I f obj . Count > 0 Then

lDrawn = sbRandHistogrm(0#, UBound( obj . Items ) , obj . Items )
vR( lRow , lCo l ) = obj .Keys ( ) ( lDrawn )
I f vNames (1 ) <> ”” Then

’Need to add in again a name
obj .Add vNames ( 1 ) , lCount (1 )

End I f
For j = 1 To lN = 1

vNames( j ) = vNames( j + 1)
lCount ( j ) = lCount ( j + 1)

Next j
I f obj . Items ( ) ( lDrawn ) > 1 Then

vNames( lN ) = obj .Keys ( ) ( lDrawn )
lCount ( lN ) = obj . Items ( ) ( lDrawn ) = 1

Else
vNames( lN ) = ””
’ lCount ( lN ) = 0 ’Not necessary but c l ean

End I f
obj .Remove obj .Keys ( ) ( lDrawn )
i = i + 1

Else
vR( lRow , lCo l ) = ” Error :  Cannot  f u l f i l  gap  cond i t i on ! ”

End I f
Next lCo l

Next lRow
sbRandomNoRepeatBeforeN = vR
End With
End Function

67



6 Brownian Bridges

A Brownian bridge is a Brownian (random) motion with a specified start and end value. It is
used to model random developments of time series where the value is known at two points in
time.

In addition to the examples presented here, sbRandIntFixSum can also be considered a
Brownian bridge.

6.1 sbGrowthSeries

You can generate random numbers with a cumulative growth rate dblRate, a maximum relative
change rate per time step dblMaxRatePerStep, and an optional starting value dblStartVal. The
number of time steps (periods) is implicitly chosen by the number of selected cells, where the
function call is entered as an array formula with CTRL + SHIFT + ENTER. This is a special
type of Brownian bridge.

Figure 34: sbGrowthSeries

Program Code sbGrowthSeries

Function sbGrowthSeries ( dblRate As Double ,
dblMaxRatePerStep As Double ,
Optional db lStartVal As Double = 1#) As Variant

’ Returns random data wi th a compound growth ra t e dblRate , wi th
’ a maximal r e l a t i v e change ra t e per s t ep o f dblMaxRatePerStep
’ and wi th a s t a r t va lue d b l S t a r tVa l . The number o f pe r i od s
’ i s i m p l i c i t l y chosen by the number o f s e l e c t e d c e l l s which
’ c a l l t h i s f unc t i on as an array formula ( entered wi th
’CTRL + SHIFT + ENTER) . This i s s o r t o f a brownian b r i d g e .
’ (C) (P) by Bernd Plumhoff 20=Mar=2011 PB V0.91
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Dim vR As Variant
Dim lP As Long ’ Periods
Dim l row As Long
Dim l c o l As Long
Dim dblCurrVal As Double
Dim dblCurrRate As Double
Dim dblCurrMin As Double
Dim dblCurrMax As Double
Dim dblRelMin As Double
Dim dblRelMax As Double
Dim dblEndVal As Double

I f TypeName( App l i ca t ion . C a l l e r ) <> ”Range” Then
sbGrowthSeries = CVErr( x lErrRef )
Exit Function

End I f

I f Appl i ca t ion . C a l l e r . Rows . Count <> 1 And
Appl i ca t ion . C a l l e r . Columns . Count <> 1 Then
sbGrowthSeries = CVErr( xlErrValue )
Exit Function

End I f

I f Abs( dblRate ) > dblMaxRatePerStep Then
sbGrowthSeries = CVErr( xlErrNum )
Exit Function

End I f

lP = Appl i ca t ion . C a l l e r . Count

ReDim vR(1 To Appl i ca t ion . C a l l e r . Rows . Count ,
1 To Appl i ca t ion . C a l l e r . Columns . Count )

dblCurrVal = dblStartVal
dblEndVal = dblStartVal * (1# + dblRate ) ˆ CDbl( lP )
dblCurrMin = dblEndVal / (1# + dblMaxRatePerStep ) ˆ CDbl( lP )
dblCurrMax = dblEndVal / (1# = dblMaxRatePerStep ) ˆ CDbl( lP )
For l row = 1 To UBound(vR, 1)

For l c o l = 1 To UBound(vR, 2)
dblCurrRate = ( dblEndVal / dblCurrVal ) ˆ (1# /

CDbl( lP = l c o l * l row + 1)) = 1#
dblCurrMin = dblCurrMin * (1# + dblMaxRatePerStep )
dblCurrMax = dblCurrMax * (1# = dblMaxRatePerStep )
dblRelMin = ( dblCurrMin = dblCurrVal ) / dblCurrVal
I f dblRelMin < =dblMaxRatePerStep Then

dblRelMin = =dblMaxRatePerStep
End I f
dblRelMax = ( dblCurrMax = dblCurrVal ) / dblCurrVal
I f dblRelMax > dblMaxRatePerStep Then

dblRelMax = dblMaxRatePerStep

69



End I f
I f dblCurrRate = dblRelMin < dblRelMax = dblCurrRate Then

dblRelMax = 2# * dblCurrRate = dblRelMin
Else

dblRelMin = 2# * dblCurrRate = dblRelMax
End I f
dblCurrVal = dblCurrVal * (1# + ( dblRelMin + dblRelMax ) / 2# +

(Rnd( ) = 0 . 5 ) * ( dblRelMax = dblRelMin ) )
vR( lrow , l c o l ) = dblCurrVal

Next l c o l
Next l row

sbGrowthSeries = vR

End Function
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6.2 Fix Sum from Random Corridors

You need seven random numbers with different border values to add up to 100 exactly?

Figure 35: Fix Sum from Random Corridors

Figure 36: Fix Sum from Random Corridors - Formulas

Important note: There is not solution if the sum of lower borders exceeds 100 or if the sum
of upper borders is less than 100! This will be checked in cells K2:K3.

71



Possible Sort Orders of the Corridors

6.2.1 Original Corridor Width Sort Order

The generated random numbers in the example above are distributed fairly equally. With
1.048.572 generated rows of 7 numbers each you get for the original corridor width sort order
(see on the right):

Figure 37: Fix Sum from Random Corridors - Original Corridor Sort Order

6.2.2 Descending Corridor Width Sort Order

With descending corridor width sort order you get (see left):

Figure 38: Fix Sum from Random Corridors - Descending Corridor Sort Order
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6.2.3 Ascending Corridor Width Sort Order

When the corridor widths are sorted ascending:

Figure 39: Fix Sum from Random Corridors - Ascending Corridor Sort Order

Conclusion: To achieve more equally distributed random numbers you should sort the
columns ascending, because the generating formulas reduce the degree of freedom from left
to right. If – for whatever reason – you have descending sorted corridor widths, you will have
to expect far more extreme distributions.

6.2.4 Using a Triang Distribution

With the triangular distribution sbRandTriang you get with 10, 000 generated rows:
The corresponding formula in cell B5: =sbRandTriang (MAX(B$2,$B$1-SUM($A5:A5) -

SUM(C$3:$I$3)),MIN(MAX(MAX(B$2,$B$1 - SUM($A5:A5) - SUM(C$3:$I$3)),B$2+

($B$1 - (SUM($A5:A5) + SUM(B$2:$I$2))) / (SUM(B$3:$I$3) - SUM(B$2:$I$2)) *

(B$3-B$2)),MIN(B$3,$B$1 - SUM($A5:A5) - SUM(C$2:$I$2))),MIN(B$3,$B$1 -

SUM($A5:A5) - SUM(C$2:$I$2))).

Figure 40: Fix Sum from Random Corridors - sbRandTriang with Original Corridors
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Figure 41: Fix Sum from Random Corridors - sbRandTriang with Descending Corridors

Figure 42: Fix Sum from Random Corridors - sbRandTriang with Ascending Corridors

6.2.5 Rounded Results

If the results needed to be rounded to a specified number of decimals, for example 2, then you
can embed above formula in =ROUND(..., 2).

But keep in mind that you need to round at least to the maximal number of digits used in
the corridor widths to ensure

� that the results are still within corridors after rounding,
� that parts of the corridors will not become unreachable,
� and that the target result will be achieved
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7 Correlated Random Numbers

7.1 Cholesky Decomposition

You can easily generate correlated random numbers with the Cholesky (pronounce: ”koleski”)
decomposition:

Figure 43: Cholesky and RandCorr

Figure 44: Cholesky and RandCorr- Formulas
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Program Code Cholesky

Function Cholesky (vA As Variant ) As Variant
’ I s u g g e s t to use the Cholesky decomposi t ion j u s t f o r purposes o f
’ demonstrat ion . Be t t e r op t i ons are ( in t h i s order ) : tred2 , t q l i , e i g s r t
’ from Numerical Recipes . SVD a l s o works but i s computa t i ona l l y
’more expens i ve by f a r s ince i t does not make use o f symmetry .
’ (Thanks to my former c o l l e a g u e Glen R. )
’Bernd Plumhoff 02=Nov=2024 PB V1.1
Dim d As Double
Dim i As Long , j As Long , k As Long , n As Long
With Appl i ca t ion . WorksheetFunction
On Error Resume Next
vA = . Transpose ( . Transpose (vA) )
On Error GoTo 0
n = UBound(vA, 1)
I f n <> UBound(vA, 2) Then

Cholesky = CVErr( x lErrRef )
Exit Function

End I f

ReDim dR(1 To n , 1 To n) As Double ’ Zeroing a l l e lements
For j = 1 To n

d = 0#
For k = 1 To j = 1

d = d + dR( j , k ) * dR( j , k )
Next k
dR( j , j ) = vA( j , j ) = d
I f dR( j , j ) > 0# Then

dR( j , j ) = Sqr (dR( j , j ) )
For i = j + 1 To n

d = 0#
For k = 1 To j = 1

d = d + dR( i , k ) * dR( j , k )
Next k
dR( i , j ) = (vA( i , j ) = d) / dR( j , j )

Next i
Else

’ Cannot cont inue wi th usua l Cholesky
’ F i l l t h i s column with ze ros . Idea : Glen R.
For i = j To n

dR( i , j ) = 0#
Next i

End I f
Next j
Cholesky = dR
End With
End Function
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Program Code RandCorr

Function RandCorr (n As Long , vVarCovar As Variant ) As Variant
’ Returns Ubound( vVarCovar , 1 ) c o r r e l a t e d random number v e c t o r s o f
’ l e n g t h n . vVarCovar i s a square matrix con ta in ing the var iance /
’ covar iance matrix . P lease no t i c e t ha t you w i l l on ly g e t a ”proxy”
’ c o r r e l a t i on , not an exac t one .
’Bernd Plumhoff 06=Nov=2009 PB V0.2
Dim vA As Variant
Dim d As Double
Dim i As Long , j As Long , k As Long , m As Long

With Appl i ca t ion . WorksheetFunction
vA = . Transpose ( . Transpose ( vVarCovar ) )
m = UBound(vA, 1)
I f m <> UBound(vA, 2) Then

RandCorr = CVErr( x lErrRef )
Exit Function

End I f
ReDim Db(1 To m, 1 To m) As Double
For j = 1 To m

d = 0#
For k = 1 To j = 1

d = d + Db( j , k ) * Db( j , k )
Next k
Db( j , j ) = vA( j , j ) = d
I f Db( j , j ) <= 0 Then

RandCorr = CVErr( xlErrNum )
Exit Function

End I f
Db( j , j ) = Sqr (Db( j , j ) )

For i = j + 1 To m
d = 0#
For k = 1 To j = 1

d = d + Db( i , k ) * Db( j , k )
Next k
Db( i , j ) = (vA( i , j ) = d) / Db( j , j )

Next i
Next j

ReDim vR(1 To n , 1 To m) As Variant
For i = 1 To n

For j = 1 To m
vR( i , j ) = . Norm S Inv (Rnd( ) )

Next j
Next i
vR = . MMult(vR, Db)
RandCorr = vR
End With
End Function
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7.2 Iman-Conover Method

If you need to generate correlated random numbers, the Iman-Conover method is better than
the Cholesky decomposition.

In 1982, Iman and Conover published their original paper "A distribution-free approach

to inducing rank correlation among input variables".

In 2021, Rick Wicklin wrote "Simulate correlated variables by using the Iman-Conover

transformation". His article includes an SAS implementation of the Iman-Conover method.

In 2005, Stephen J. Mildenhall published "Correlation and Aggregate Loss Distributions

with an Emphasis on the Iman-Conover Method".

I implemented the example from Mildenhall’s paper both using Excel spreadsheet functions
and with Excel / VBA:

The input matrix X:

Figure 45: Iman-Conover Method - Input Matrix X
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The target correlation S:

Figure 46: Iman-Conover Method - Target Correlation S

The Cholesky decomposition C of S:

Figure 47: Iman-Conover Method - Cholesky Decomposition C of S

The intermediate matrix M (constant values, identical to Mildenhall’s data):

Figure 48: Iman-Conover Method - Intermediate Matrix M
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You can create similar data with this formula in A1:A20:
= NORM.S.INV (SEQUENCE(20, 1, 1, 1)/21)/
STDEV PA(NORM.S.INV (SEQUENCE(20, 1, 1, 1)/21))
and with the formula
= MTRANS(RandomShuffle($A$1 : $A$20))
in B1:B20 (copy to columns C and D).

Now you get covariance matrix E:

Figure 49: Iman-Conover Method - Covariance Matrix E

And its Cholesky decomposition F:

Figure 50: Iman-Conover Method - Cholesky Decomposition F of E
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The intermediate matrix T:

Figure 51: Iman-Conover Method - Intermediate Matrix T

You can check the generated correlations:

Figure 52: Iman-Conover Method - Generated Correlations
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Calculate the ranks of numbers in columns of T in sheet Rank T:

Figure 53: Iman-Conover Method - Ranks of numbers in columns of T

Finally you will get the results in sheet Result Y:

Figure 54: Iman-Conover Method - Results Sheet Y
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You can check the differences to your target correlation in sheet Check Correlation Result:

Figure 55: Iman-Conover Method - Difference between Result and Target Correlation

Program Code RandomShuffle

Function RandomShuffle ( vtemp As Variant ) As Variant
Dim j As Long , k As Long , n As Long
Dim temp As Double , u As Double
’ App l i ca t i on . Vo l a t i l e ’Uncomment i f you th ink you need t h i s .
With Appl i ca t ion . WorksheetFunction
On Error Resume Next ’ Ignore error : VBA c a l l s a l r eady wi th 1=dim array .
vtemp = . Transpose ( vtemp )
On Error GoTo 0
n = UBound( vtemp )
j = n
Do While j > 0

u = Rnd( )
k = Int ( j * u + 1)
temp = vtemp ( j )
vtemp ( j ) = vtemp ( k )
vtemp ( k ) = temp
j = j = 1

Loop
RandomShuffle = vtemp
End With
End Function
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Program Code IndexX

Function IndexX (n As Long , a r r As Variant , colNo As Long ) As Variant
’ Indexes an array arr [ 1 . . n ] , i . e . , ou tpu t s the array indx [ 1 . . n ] such
’ t h a t arr [ indx [ j ] ] i s in ascending order f o r j = 1 , 2 , . . ,n . The
’ input q u a n t i t i e s n and arr are not changed .
Const m As Long = 7
Const NSTACK As Long = 50
Dim i As Long , indxt As Long , i r As Long , itemp As Long
Dim j As Long , k As Long , l As Long
Dim j s t a c k As Long , i s t a c k (1 To NSTACK) As Long , a As Double

i r = n : l = 1
ReDim indx (1 To n) As Long
For j = 1 To n : indx ( j ) = j : Next j

Do While 1
I f ( i r = l < m) Then

For j = l + 1 To i r
indxt = indx ( j )
a = arr ( indxt , colNo )
For i = j = 1 To l Step =1

I f ( a r r ( indx ( i ) , colNo ) <= a ) Then Exit For
indx ( i + 1) = indx ( i )

Next i
indx ( i + 1) = indxt

Next j
I f ( j s t a c k = 0) Then Exit Do
i r = i s t a c k ( j s t a c k )
j s t a c k = j s t a c k = 1
l = i s t a c k ( j s t a c k )
j s t a c k = j s t a c k = 1

Else
k = ( l + i r ) / 2
itemp = indx ( k )
indx ( k ) = indx ( l + 1)
indx ( l + 1) = itemp
I f ( a r r ( indx ( l ) , colNo ) > ar r ( indx ( i r ) , colNo ) ) Then

itemp = indx ( l )
indx ( l ) = indx ( i r )
indx ( i r ) = itemp

End I f
I f ( a r r ( indx ( l + 1) , colNo ) > ar r ( indx ( i r ) , colNo ) ) Then

itemp = indx ( l + 1)
indx ( l + 1) = indx ( i r )
indx ( i r ) = itemp

End I f
I f ( a r r ( indx ( l ) , colNo ) > ar r ( indx ( l + 1) , colNo ) ) Then

itemp = indx ( l )
indx ( l ) = indx ( l + 1)
indx ( l + 1) = itemp
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End I f
i = l + 1
j = i r
indxt = indx ( l + 1)
a = arr ( indxt , colNo )
Do While 1

Do
i = i + 1

Loop While ( a r r ( indx ( i ) , colNo ) < a )
Do

j = j = 1
Loop While ( a r r ( indx ( j ) , colNo ) > a )
I f ( j < i ) Then Exit Do
itemp = indx ( i )
indx ( i ) = indx ( j )
indx ( j ) = itemp

Loop
indx ( l + 1) = indx ( j )
indx ( j ) = indxt
j s t a c k = j s t a c k + 2
I f ( j s t a c k > NSTACK) Then

’STACK too sma l l in indexx
IndexX = CVErr( xlErrNum )
Exit Function

End I f
I f ( i r = i + 1 >= j = l ) Then

i s t a c k ( j s t a c k ) = i r
i s t a c k ( j s t a c k = 1) = i
i r = j = 1

Else
i s t a c k ( j s t a c k ) = j = 1
i s t a c k ( j s t a c k = 1) = l
l = i

End I f
End I f

Loop
IndexX = indx
End Function
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Program Code ImanConover

This is the VBA implementation of the Iman-Conover method. I use this code in sbGenerateTestData,
too.

Please notice that the function ImanConover uses (calls) the user-defined functions IndexX

and RandomShuffle mentioned above as well as the function Cholesky.

Function ImanConover ( rInputMatrix As Range ,
rTarge tCor r e l a t i on As Range ) As Variant

’ Implements the Iman=Conover method to genera te random
’number v e c t o r s wi th a g iven c o r r e l a t i o n .
’ Algorithm as de s c r i b ed in :
’Mildenham , November 27 , 2005
’ Corre l a t i on and Aggregate Loss D i s t r i b u t i o n s With An
’ Emphasis On The Iman=Conover Method
’V0.3 PB 02=Nov=2024 by Bernd Plumhoff
Dim vX As Variant ’ Input matrix
Dim vS As Variant ’ Target c o r r e l a t i o n matrix
Dim vC As Variant ’ Cholesky decomposi t ion o f vS
Dim vM As Variant ’ In termed ia te matrix M
Dim vE As Variant ’ Covariance matrix E
Dim vF As Variant ’ Cholesky decomposi t ion o f vE
Dim vT As Variant ’ In termed ia te matrix T
Dim d As Double , dS As Double
Dim i As Long , j As Long , k As Long
Dim lRow As Long , lCo l As Long
Dim s t a t e As SystemState

With Appl i ca t ion
Set s t a t e = New SystemState
vX = . Transpose ( . Transpose ( rInputMatrix ) )
lRow = rInputMatrix . Rows . Count
lCo l = rInputMatrix . Columns . Count

’###################################################################
’# Check inpu t s #
’###################################################################

I f lCo l <> rTarge tCor r e l a t i on . Columns . Count
And rTarge tCor r e l a t i on . Rows . Count

<> rTarge tCor r e l a t i on . Columns . Count Then
’ S t ruc tu re o f t a r g e t c o r r e l a t i o n matrix needs to f i t input matrix
ImanConover = CVErr( xlErrNum )
Exit Function

End I f
vS = . Transpose ( . Transpose ( rTarge tCor r e l a t i on ) )
For i = 1 To lCo l

I f vS ( i , i ) <> 1# Then
’ Target c o r r e l a t i o n matrix not 1 on d iagona l
ImanConover = CVErr( xlErrValue )
Exit Function

End I f
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For j = 1 To i = 1
I f vS ( i , j ) <> vS ( j , i ) Then

’ Target c o r r e l a t i o n matrix not symmetric
ImanConover = CVErr( xlErrValue )
Exit Function

End I f
Next j

Next i

vC = . Transpose ( Cholesky ( vS ) )

’###################################################################
’# Create in t e rmed ia t e matrix M #
’###################################################################
ReDim vMV(1 To lRow) As Double
d = 0#
dS = 0#
For i = 1 To Int ( lRow / 2)

vMV( i ) = . NormSInv ( i / ( lRow + 1))
vMV( lRow = i + 1) = =vMV( i )
d = d + 2# * vMV( i ) * vMV( i )

Next i
I f lRow Mod 2 = 1 Then

vMV( ( lRow + 1) / 2) = 0 ’ Jus t f o r c l a r i t y , i t ’ s a l r eady 0
End I f
d = Sqr (d / lRow)
For i = 1 To lRow

vMV( i ) = vMV( i ) / d
Next i

vM = vX
For i = 1 To lRow

vM( i , 1) = vMV( i )
Next i

Dim vMW As Variant
For i = 2 To lCo l

vMW = RandomShuffle (vMV)
For j = 1 To lRow

vM( j , i ) = vMW( j )
Next j

Next i

’###################################################################
’# Ca l cu l a t e covar iance matrix E #
’###################################################################

vE = vC
For i = 1 To lCo l

vE( i , i ) = . Covar ( . Index ( . Transpose (vM) , i ) ,
. Index ( . Transpose (vM) , i ) )
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For j = i + 1 To lCo l
vE( i , j ) = . Covar ( . Index ( . Transpose (vM) , i ) ,

. Index ( . Transpose (vM) , j ) )
vE( j , i ) = vE( i , j )

Next j
Next i

vF = . Transpose ( Cholesky (vE) )

vT = . MMult ( . MMult(vM, . MInverse (vF ) ) , vC)

’###################################################################
’# Compute ranks o f matrix T #
’###################################################################

Dim vRT As Variant , vR As Variant
vRT = vX
For j = 1 To lCo l

vR = IndexX ( lRow , vT , j )
For i = 1 To lRow

vRT( i , j ) = vR( i )
Next i
vR = IndexX ( lRow , vX, j )
For i = 1 To lRow

vX( i , j ) = vX(vR( i ) , j )
Next i

Next j

’###################################################################
’# Ca l cu l a t e r e s u l t matrix Y #
’###################################################################

Dim vY As Variant
vY = vX
For i = 1 To lRow

For j = 1 To lCo l
vY( i , j ) = vX(vRT( i , j ) , j )

Next j
Next i

ImanConover = vY
End With
End Function
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8 A Test Data Generator – sbGenerateTestData

When you want to thoroughly test an application or program, you often need test data. The
sbGenerateTestData application is designed to help you generate random test data in numerical
form or as text.

For example, if you want to generate six boolean values, with 50% TRUE and 50% FALSE,
once in the generated sequence and once randomly shuffled:

Figure 56: sbGenerateTestData - 6 boolean Values

Or you need 4 amounts of money in British pounds (GBP), the first series between 10 GBP
and 20 GBP, and the second with an average value of 6 GBP and a standard deviation of 2
GBP:

Figure 57: sbGenerateTestData - 4 GBP Values

If you need four dates between January1, 2000, and January1, 2013, or four dates with an
average value of June30, 2012, and a standard deviation of 180 days:

Figure 58: sbGenerateTestData - 4 Date Values
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If you want to generate four country names, one from Africa, one from Asia, and two from
Europe; or if you need two Asian and two European country names - move sheet Countries to
the right of the sheet Data so that it becomes Sheet 2:

Figure 59: sbGenerateTestData - 4 Country Names

If you want to randomly select first names from a given list, move sheet First Names to the
right of sheet Data. After pressing button Generate Test Data again, you will receive a warning.
Simply click Ok:

Figure 60: sbGenerateTestData - 4 First Names

Note: The columns for the list items and their groups are not randomly identical here. This
has been intentionally designed so that you can easily change the desired values by moving the
corresponding sheet next to the sheet Data, either to first names or to country names.

With this application, you can also generate correlated pseudorandom numbers. I imple-
mented the Iman-Conover method using VBA.
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The sheets:

Figure 61: sbGenerateTestData - Sheets used

Sheet Countries:

Figure 62: sbGenerateTestData - Sheet Countries
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Sheet First Name, female names male names:

Figure 63: sbGenerateTestData - Sheet First Names

Correlated random numbers you generate with this application as follows:

Figure 64: sbGenerateTestData - Input to generate correlated numbers
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Figure 65: sbGenerateTestData -Input Series for correlated number generation

Figure 66: sbGenerateTestData - Output Series of correlated number generation
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Program Code sbGenerateTestData

Please notice that this application needs (uses) several programs presented in this document.

Enum types
t y s t a r t = 0 ’ So t ha t we can i t e r a t e from t y s t a r t + 1 to ty end = 1
ty boo l ean
ty cur r ency
ty date
ty dec ima l
ty doub le
ty l ong
t y s t r i n g
ty end ’ So t ha t we can i t e r a t e from t y s t a r t + 1 to ty end = 1

End Enum ’ t ype s

Enum param rows
p r r e c o r d s = 3
p r s h u f f l e
pr Boolean = 6

pr bTrue
pr bFa l s e

pr Currency
pr ccyMin
pr ccyMax
pr ccyAvg
pr ccyStDev

pr Date
pr dtMin
pr dtMax
pr dtAvg
pr dtStDev

pr Decimal
pr decMin
pr decMax
pr decAvg
pr decStDev

pr Double
pr dMin
pr dMax
pr dAvg
pr dStDev

pr Long
pr lSum
pr lMin1
pr lMin2
pr lMax
pr lMaxRepeat

p r S t r i n g
pr sLength
pr sMin
pr sMax
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pr sNextTabRepeat
pr sNextTabColumn
pr sNextTabItemRepeat
pr sNextTabItemColumn
pr sNextTabGroupColumn
pr sNextTabGroupWeights ’ Item group we i gh t s s t a r t
’ from here and can go down any number

End Enum ’ param rows

Enum param columns
pc Output1 = 1
pc Output2
pc ItemGroups = 7
pc Input1 = 8
pc Input2

End Enum ’ param columns

Private Enum xlCI ’ Exce l Color Index
: x lCIBlack = 1 : xlCIWhite : xlCIRed : xlCIBrightGreen : xlCIBlue ’ 1 = 5
: x lCIYel low : xlCIPink : xlCITurquoise : xlCIDarkRed : xlCIGreen ’ 6 = 10
: xlCIDarkBlue : xlCIDarkYellow : x lCIV io l e t : x lCITeal : xlCIGray25 ’ 11 = 15
: xlCIGray50 : x lCIPer iw ink l e : xlCIPlum
: x lCIIvory : x lCILightTurquoise ’ 16 = 20
: xlCIDarkPurple : x lCICoral : xlCIOceanBlue
: x lCI IceBlue : xlCILightBrown ’ 21 = 25
: xlCIMagenta2 : xlCIYel low2 : xlCICyan2
: xlCIDarkPink : xlCIDarkBrown ’ 26 = 30
: xlCIDarkTurquoise : xlCISeaBlue : xlCISkyBlue
: x lCILightTurquoise2 : xlCILightGreen ’ 31 = 35
: x lCILightYel low : xlCIPaleBlue : xlCIRose : xlCILavender : xlCITan ’ 36 = 40
: x lCILightBlue : xlCIAqua : xlCILime : xlCIGold : xlCILightOrange ’ 41 = 45
: xlCIOrange : xlCIBlueGray : xlCIGray40
: xlCIDarkTeal : xlCISeaGreen ’ 46 = 50
: xlCIDarkGreen : xlCIGreenBrown : xlCIBrown
: xlCIDarkPink2 : x lCI Ind igo ’ 51 = 55
: xlCIGray80 ’ 56
End Enum

Sub sbGenerateTestData ( )
’Randomly genera te t e s t data as s p e c i f i e d in input area .
’Bernd Plumhoff 06=Apr=2021 PB V0.2

Dim bGroupsUpToDate As Boolean
Dim dAvg As Double
Dim dmax As Double
Dim dmin As Double
Dim dStDev As Double
Dim dSumWeights As Double
ReDim dTypeWeight ( t y s t a r t + 1 To ty end = 1) As Double
ReDim sTypeName( t y s t a r t + 1 To ty end = 1) As String
Dim i As Long
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Dim j As Long
Dim k As Long
Dim lCo l As Long
Dim lLength As Long
Dim lRecord As Long
Dim lRow As Long
Dim l I dx As Long
Dim lTypeSum As Long
Dim objItem As Object
Dim objGroup As Object
Dim s As String
Dim sErrMsg As String
Dim v As Variant
Dim vThisType As Variant
Dim vType As Variant
Dim vGroup As Variant
Dim wsItem As Worksheet
Dim s t a t e As SystemState

Set s t a t e = New SystemState
Randomize

With Appl i ca t ion . WorksheetFunction

’ Clear input
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output1 = 1 ) . ClearContents
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output2 = 1 ) . ClearContents
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output1 = 1 ) . ClearFormats
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output2 = 1 ) . ClearFormats
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output1 = 1 ) . I n t e r i o r . ColorIndex = xlCIGray25
wsD . Range ( ”A:A” ) . O f f s e t ( , pc Output2 = 1 ) . I n t e r i o r . ColorIndex = xlCIGray25
With wsD . Range ( ”A1” ) . O f f s e t ( , pc Output1 = 1)

. Formula = ” Test  Input  1”

. Font . Bold = True

. I n t e r i o r . ColorIndex = xlCIBrightGreen
End With
With wsD . Range ( ”A1” ) . O f f s e t ( , pc Output2 = 1)

. Formula = ” Test  Input  2”

. Font . Bold = True

. I n t e r i o r . ColorIndex = xlCIBrightGreen
End With

sTypeName( ty boo l ean ) = ” Boolean ”
sTypeName( ty cur r ency ) = ”Currency”
sTypeName( ty date ) = ”Date”
sTypeName( ty dec ima l ) = ”Decimal”
sTypeName( ty doub le ) = ”Double”
sTypeName( ty l ong ) = ”Long”
sTypeName( t y s t r i n g ) = ” St r ing ”

For lCo l = pc Input1 To pc Input2
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sErrMsg = ””
lRecord = wsD . C e l l s ( p r r e co rds , lCo l )
I f lRecord <= 0 Then

Call MsgBox( ”Number  o f  t e s t  r e co rd s  must  be  g r e a t e r  ze ro ! ” &
vbCrLf , vbOKOnly, ” Error ” )

Exit Sub
End I f
wsD . C e l l s (2 , lCo l = pc Input1 +

pc Output1 ) . Res i ze ( lRecord ) . I n t e r i o r . ColorIndex = xlCILightGreen
ReDim vInput (1 To lRecord ) As Variant
l Idx = 1
dTypeWeight ( ty boo l ean ) = wsD . C e l l s ( pr Boolean , lCo l )
dTypeWeight ( ty cur r ency ) = wsD . C e l l s ( pr Currency , lCo l )
dTypeWeight ( ty date ) = wsD . C e l l s ( pr Date , lCo l )
dTypeWeight ( ty dec ima l ) = wsD . C e l l s ( pr Decimal , lCo l )
dTypeWeight ( ty doub le ) = wsD . C e l l s ( pr Double , lCo l )
dTypeWeight ( ty l ong ) = wsD . C e l l s ( pr Long , lCo l )
dTypeWeight ( t y s t r i n g ) = wsD . C e l l s ( p r St r ing , lCo l )
dSumWeights = 0#
For i = LBound( dTypeWeight ) To UBound( dTypeWeight )

I f dTypeWeight ( i ) < 0 Then sErrMsg = sErrMsg &
”Weight  f o r  data  type  ” & sTypeName( i ) &

”  must  be  g r e a t e r  equal  ze ro ! ” & vbCrLf
dSumWeights = dSumWeights + dTypeWeight ( i )

Next i
I f dSumWeights <= 0 Then sErrMsg = sErrMsg &

”Sum o f  weights  f o r  data  types  ( Boolean ,  . . . ,  S t r ing )  ” &
”must  be  g r e a t e r  ze ro ! ” & vbCrLf

I f Len( sErrMsg ) > 0 Then
Call MsgBox( sErrMsg & vbCrLf , vbOKOnly, ” Error ” )
Exit Sub

End I f
For i = LBound( dTypeWeight ) To UBound( dTypeWeight )

dTypeWeight ( i ) = dTypeWeight ( i ) / dSumWeights * lRecord
Next i
’ Decide how many records to genera te f o r each data type
vType = RoundToSum( dTypeWeight , 0)

For i = LBound( vType , 1) To UBound( vType , 1)
I f vType ( i ) > 0 Then

Select Case i
Case ty boo l ean

ReDim dThisTypeWeight (1 To 2) As Double
I f Abs(wsD . C e l l s ( pr bTrue , lCo l ) + wsD . C e l l s ( pr bFalse , lCo l ) )
< 0.0000000000001 Then
’No we i gh t s means equa l we i gh t s
dThisTypeWeight (1 ) = vType ( i ) / 2
dThisTypeWeight (2 ) = dThisTypeWeight (1 )

Else
dThisTypeWeight (1 ) = wsD . C e l l s ( pr bTrue , lCo l ) /
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(wsD . C e l l s ( pr bTrue , lCo l ) +
wsD . C e l l s ( pr bFalse , lCo l ) ) *

vType ( i )
dThisTypeWeight (2 ) = wsD . C e l l s ( pr bFalse , lCo l ) /

(wsD . C e l l s ( pr bFalse , lCo l ) +
wsD . C e l l s ( pr bTrue , lCo l ) ) *

vType ( i )
End I f
vThisType = RoundToSum( dThisTypeWeight , 0)
For j = 1 To vThisType (1 )

vInput ( l Idx ) = True
l Idx = l Idx + 1

Next j
For j = 1 To vThisType (2 )

vInput ( l Idx ) = False
l Idx = l Idx + 1

Next j
Case ty cur r ency

I f IsEmpty(wsD . C e l l s ( pr ccyAvg , lCo l ) ) Or
IsEmpty(wsD . C e l l s ( pr ccyStDev , lCo l ) ) Then
’Work wi th Min and Max
dmin = wsD . C e l l s ( pr ccyMin , lCo l )
dmax = wsD . C e l l s ( pr ccyMax , lCo l )
For j = 1 To vType ( i )

vInput ( l Idx ) = CCur( dmin + Rnd( ) * (dmax = dmin ) )
l Idx = l Idx + 1

Next j
Else

’Work wi th Avg and StDev
ReDim dThisDouble (1 To vType ( i ) ) As Double
For j = 1 To vType ( i )

dThisDouble ( j ) = Rnd( )
Next j
dAvg = . Average ( dThisDouble )
dStDev = . StDevP ( dThisDouble )
I f dStDev < 0.0000000000001 Then

I f vType ( i ) = 1 Then
vInput ( l Idx ) = CCur(dAvg)
l Idx = l Idx + 1

Else
Call MsgBox( ”StDev  o f  data  type  ” &

sTypeName( ty cur r ency ) &
”  must  not  be  ze ro ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f

End I f
For j = 1 To vType ( i )

vInput ( l Idx ) = CCur(wsD . C e l l s ( pr ccyAvg , lCo l ) +
( dThisDouble ( j ) = dAvg) *

wsD . C e l l s ( pr ccyStDev , lCo l ) / dStDev )
l Idx = l Idx + 1
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Next j
End I f

Case ty date
I f IsEmpty(wsD . C e l l s ( pr dtAvg , lCo l ) ) Or

IsEmpty(wsD . C e l l s ( pr dtStDev , lCo l ) ) Then
’Work wi th Min and Max
dmin = wsD . C e l l s ( pr dtMin , lCo l )
dmax = wsD . C e l l s ( pr dtMax , lCo l )
For j = 1 To vType ( i )

vInput ( l Idx ) = CDate( dmin + Rnd( ) * (dmax = dmin ) )
l Idx = l Idx + 1

Next j
Else

’Work wi th Avg and StDev
ReDim dThisDouble (1 To vType ( i ) ) As Double
For j = 1 To vType ( i )

dThisDouble ( j ) = Rnd( )
Next j
dAvg = . Average ( dThisDouble )
dStDev = . StDevP ( dThisDouble )
I f dStDev < 0.0000000000001 Then

I f vType ( i ) = 1 Then
vInput ( l Idx ) = CDate(dAvg)
l Idx = l Idx + 1

Else
Call MsgBox( ”StDev  o f  data  type  ” &

sTypeName( ty date ) &
”  must  not  be  ze ro ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f

End I f
For j = 1 To vType ( i )

vInput ( l Idx ) = CDate(wsD . C e l l s ( pr dtAvg , lCo l ) +
( dThisDouble ( j ) = dAvg) *

wsD . C e l l s ( pr dtStDev , lCo l ) / dStDev )
l Idx = l Idx + 1

Next j
End I f

Case ty dec ima l
I f IsEmpty(wsD . C e l l s ( pr decAvg , lCo l ) ) Or

IsEmpty(wsD . C e l l s ( pr decStDev , lCo l ) ) Then
’Work wi th Min and Max
dmin = wsD . C e l l s ( pr decMin , lCo l )
dmax = wsD . C e l l s ( pr decMax , lCo l )
For j = 1 To vType ( i )

vInput ( l Idx ) = CDec( dmin + Rnd( ) * (dmax = dmin ) )
l Idx = l Idx + 1

Next j
Else

’Work wi th Avg and StDev
ReDim dThisDouble (1 To vType ( i ) ) As Double

99



For j = 1 To vType ( i )
dThisDouble ( j ) = Rnd( )

Next j
dAvg = . Average ( dThisDouble )
dStDev = . StDevP ( dThisDouble )
I f dStDev < 0.0000000000001 Then

I f vType ( i ) = 1 Then
vInput ( l Idx ) = CDec(dAvg)
l Idx = l Idx + 1

Else
Call MsgBox( ”StDev  o f  data  type  ” &

sTypeName( ty dec ima l ) &
”  must  not  be  ze ro ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f

End I f
For j = 1 To vType ( i )

vInput ( l Idx ) = CDec(wsD . C e l l s ( pr decAvg , lCo l ) +
( dThisDouble ( j ) = dAvg) *

wsD . C e l l s ( pr decStDev , lCo l ) / dStDev )
l Idx = l Idx + 1

Next j
End I f

Case ty doub le
I f IsEmpty(wsD . C e l l s ( pr dAvg , lCo l ) ) Or

IsEmpty(wsD . C e l l s ( pr dStDev , lCo l ) ) Then
’Work wi th Min and Max
dmin = wsD . C e l l s ( pr dMin , lCo l )
dmax = wsD . C e l l s ( pr dMax , lCo l )
For j = 1 To vType ( i )

vInput ( l Idx ) = CDbl( dmin + Rnd( ) * (dmax = dmin ) )
l Idx = l Idx + 1

Next j
Else

’Work wi th Avg and StDev
ReDim dThisDouble (1 To vType ( i ) ) As Double
For j = 1 To vType ( i )

dThisDouble ( j ) = Rnd( )
Next j
dAvg = . Average ( dThisDouble )
dStDev = . StDevP ( dThisDouble )
I f dStDev < 0.0000000000001 Then

I f vType ( i ) = 1 Then
vInput ( l Idx ) = CDbl(dAvg)
l Idx = l Idx + 1

Else
Call MsgBox( ”StDev  o f  data  type  ” &

sTypeName( ty doub le ) &
”  must  not  be  ze ro ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f
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End I f
For j = 1 To vType ( i )

vInput ( l Idx ) = CDbl(wsD . C e l l s ( pr dAvg , lCo l ) +
( dThisDouble ( j ) = dAvg) *

wsD . C e l l s ( pr dStDev , lCo l ) / dStDev )
l Idx = l Idx + 1

Next j
End I f

Case ty l ong
I f IsEmpty(wsD . C e l l s ( pr lSum , lCo l ) ) Then

I f IsEmpty(wsD . C e l l s ( pr lMaxRepeat , lCo l ) ) Then
’Work wi th a r b i t r a r y r e p e t i t i o n s
dmin = wsD . C e l l s ( pr lMin2 , lCo l )
dmax = wsD . C e l l s ( pr lMax , lCo l )
For j = 1 To vType ( i )

vInput ( l Idx ) = Int ( dmin + Rnd( ) * (dmax = dmin + 1))
l Idx = l Idx + 1

Next j
Else

I f (wsD . C e l l s ( pr lMax , lCo l ) = wsD . C e l l s ( pr lMin2 , lCo l )
+ 1) * wsD . C e l l s ( pr lMaxRepeat , lCo l ) < vType ( i ) Then
Call MsgBox( ”Not  enough  random  numbers  f o r  data  type  ” &

sTypeName( ty l ong ) &
” ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f
v = sbRandInt (CLng( vType ( i ) ) , wsD . C e l l s ( pr lMin2 , lCo l ) ,

wsD . C e l l s ( pr lMax , lCo l ) ,
wsD . C e l l s ( pr lMaxRepeat , lCo l ) )

For j = 1 To vType ( i )
vInput ( l Idx ) = v ( j )
l Idx = l Idx + 1

Next j
End I f

Else
v = sbLongRandSumN(wsD . C e l l s ( pr lSum , lCo l ) , vType ( i ) ,

wsD . C e l l s ( pr lMin1 , lCo l ) )
For j = 1 To vType ( i )

vInput ( l Idx ) = v ( j )
l Idx = l Idx + 1

Next j
End I f

Case t y s t r i n g
I f Not IsEmpty(wsD . C e l l s ( pr sLength , lCo l ) ) Then

’ Simple s t r i n g
lLength = wsD . C e l l s ( pr sLength , lCo l )
I f lLength <= 0 Then lLength = 1
dmin = Asc(wsD . C e l l s ( pr sMin , lCo l ) )
dmax = Asc(wsD . C e l l s ( pr sMax , lCo l ) )
For j = 1 To vType ( i )

s = ””
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For k = 1 To lLength
s = s & Chr( dmin + Rnd( ) * (dmax = dmin ) )

Next k
vInput ( l Idx ) = s
l Idx = l Idx + 1

Next j
E l s e I f Not IsEmpty(wsD . C e l l s ( pr sNextTabRepeat , lCo l ) ) Then

’ Simple i tems from next tab
Set wsItem = Sheets (2 )
I f ( wsItem . C e l l s (1 , wsD . C e l l s ( pr sNextTabColumn ,

lCo l ) ) .End( xlDown ) .Row = 1) *

wsD . C e l l s ( pr sNextTabRepeat , lCo l ) < vType ( i ) Then
Call MsgBox( ”Not  enough  random  numbers  f o r  data  type  ” &

sTypeName( t y s t r i n g ) & ” ! ” , vbOKOnly, ” Error ! ” )
Exit Sub

End I f
v = sbRandInt (CLng( vType ( i ) ) , 2 ,

wsItem . C e l l s (1 , wsD . C e l l s ( pr sNextTabColumn ,
lCo l ) ) .End( xlDown ) . Row,
wsD . C e l l s ( pr sNextTabRepeat , lCo l ) )

For j = 1 To vType ( i )
vInput ( l Idx ) =

wsItem . C e l l s (1 , wsD . C e l l s ( pr sNextTabColumn , lCo l ) ) ( v ( j ) )
l Idx = l Idx + 1

Next j
Else

’ Items from weigh ted groups from next tab
Set wsItem = Sheets (2 )
Set objGroup = CreateObject ( ” S c r i p t i n g . Dic t ionary ” )
j = 2
Do While Not IsEmpty( wsItem . C e l l s ( j ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) )
objGroup . Item ( wsItem . C e l l s ( j ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) . Value ) =
objGroup . Item ( wsItem . C e l l s ( j ,
wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) . Value ) + 1

j = j + 1
Loop
’Are the item groups s t i l l i d e n t i c a l
’ to the ones in the param l i s t ?
bGroupsUpToDate = True
j = 0
Do While Not IsEmpty(wsD . C e l l s ( pr sNextTabGroupWeights + j ,

pc ItemGroups ) )
I f objGroup . Item (wsD . C e l l s ( pr sNextTabGroupWeights + j ,

pc ItemGroups ) . Value ) > 0 Then
objGroup . Item (wsD . C e l l s ( pr sNextTabGroupWeights + j ,

pc ItemGroups ) . Value ) = 0
Else

Set objGroup = Nothing
Set objGroup = CreateObject ( ” S c r i p t i n g . Dic t ionary ” )
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j = 2
Do While Not IsEmpty( wsItem . C e l l s ( j ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) )
objGroup . Item ( wsItem . C e l l s ( j ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) . Value ) =
objGroup . Item ( wsItem . C e l l s ( j ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) . Value ) + 1
j = j + 1

Loop
bGroupsUpToDate = False
Exit Do

End I f
j = j + 1

Loop
I f j <> objGroup . Count Then bGroupsUpToDate = False
I f Not bGroupsUpToDate Then

Range (wsD . C e l l s ( pr sNextTabGroupWeights , pc ItemGroups ) ,
wsD . C e l l s ( pr sNextTabGroupWeights ,

pc ItemGroups ) .End( xlDown ) ) . ClearContents
wsD . C e l l s ( pr sNextTabGroupWeights ,

pc ItemGroups ) . Res i ze ( objGroup . Count ) . FormulaArray =
. Transpose ( objGroup . keys )

I f vbCancel = MsgBox( ” Item  groups  from  next  tab ” &
”  are  not  up  to  date ! ” & vbCrLf &
vbCrLf & ”OK to  cont inue  anyway” &
vbCrLf & ” Cancel  to  stop ” , vbOKCancel , ”Warning” ) Then
Exit Sub

End I f
End I f
dSumWeights = 0#
j = 0
Do While Not IsEmpty(wsD . C e l l s ( pr sNextTabGroupWeights + j ,

pc ItemGroups ) )
dSumWeights = dSumWeights +

wsD . C e l l s ( pr sNextTabGroupWeights + j , lCo l )
j = j + 1

Loop
ReDim dGroupWeights (1 To j ) As Double
For j = LBound( dGroupWeights ) To UBound( dGroupWeights )

dGroupWeights ( j ) = wsD . C e l l s ( pr sNextTabGroupWeights +
j = 1 , lCo l ) / dSumWeights * vType ( i )

Next j
’ Decide how many records to genera te f o r each item group
vGroup = RoundToSum( dGroupWeights , 0)
For j = LBound( vGroup , 1) To UBound( vGroup , 1)

I f vGroup ( j ) > 0 Then
Set wsItem = Sheets (2 )
Set objItem = CreateObject ( ” S c r i p t i n g . Dic t ionary ” )
lRow = 2
Do While Not IsEmpty( wsItem . C e l l s ( lRow ,

wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) )
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I f wsItem . C e l l s ( lRow ,
wsD . C e l l s ( pr sNextTabGroupColumn , lCo l ) ) . Value =
objGroup . keys ( ) ( j = 1) Then
objItem . Item ( wsItem . C e l l s ( lRow ,

wsD . C e l l s ( pr sNextTabItemColumn , lCo l ) ) . Value ) =
objItem . Item ( wsItem . C e l l s ( lRow ,
wsD . C e l l s ( pr sNextTabItemColumn , lCo l ) ) . Value ) + 1

End I f
lRow = lRow + 1

Loop
I f objItem . Count * wsD . C e l l s ( pr sNextTabItemRepeat ,

lCo l ) < vGroup ( j ) Then
Call MsgBox( ”Not  enough  random  numbers  f o r ” &

”  data  type  s t r i ng ,  item  group  ” &
wsD . C e l l s ( pr sNextTabGroupWeights + j ,
pc ItemGroups ) . Value &
” ! ” , vbOKOnly, ” Error ! ” )

Exit Sub
End I f
v = sbRandInt (CLng( vGroup ( j ) ) , 1 , objItem . Count ,

wsD . C e l l s ( pr sNextTabItemRepeat , lCo l ) )
For k = 1 To vGroup ( j )

vInput ( l Idx ) = objItem . keys ( ) ( v ( k ) = 1)
l Idx = l Idx + 1

Next k
Set objItem = Nothing

End I f
Next j
Set objGroup = Nothing

End I f
End Select

End I f
Next i
’Now s h u f f l e the r e s u l t v e c t o r in t o random order i f s p e c i f i e d
I f wsD . C e l l s ( p r s h u f f l e , lCo l ) Then

lRow = 2
For Each v In UniqRandInt ( lRecord , lRecord )

wsD . C e l l s ( lRow , lCo l = pc Input1 + pc Output1 ) = vInput ( v )
lRow = lRow + 1

Next v
Else

For lRow = 2 To lRecord + 1
wsD . C e l l s ( lRow , lCo l = pc Input1 + pc Output1 ) = vInput ( lRow = 1)

Next lRow
End I f

Next lCo l
wsD . Ca lcu la te
End With

End Sub
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A RoundToSum

Enum mc Macro Categories
mcFinancial = 1
mcDate and Time
mcMath and Trig
m c S t a t i s t i c a l
mcLookup and Reference
mcDatabase
mcText
mcLogical
mcInformation
mcCommands
mcCustomizing
mcMacro Control
mcDDE External
mcUser Defined
mcFirst custom category
mcSecond custom category ’ and so on

End Enum ’ mc Macro Categor ies

Function RoundToSum( vInput As Variant , Optional l D i g i t s As Long = 2 , Optional bAbsSum As Boolean = True ,
Optional lErrorType As Long = 1) As Variant
’ C a l c u l a t e rounded summands which e x a c t l y add up to t h e rounded sum o f unrounded summands .
’ I t u se s t h e l a r g e s t remainder method which minimizes t h e e r r o r to t h e o r i g i n a l unrounded summands .
’ V2 . 3 PB 27=Oct=2024 (C) (P) by Bernd Plumhof f
Dim b As Boolean , i As Long , j As Long , k As Long , n As Long , lCount As Long , lSgn As Long
Dim d As Double , dDi f f As Double , dRoundedSum As Double , dSumAbs As Double : Dim vA As Variant
With Appl i cat ion . WorksheetFunction

vA = . Transpose ( . Transpose ( vInput ) ) : On Error GoTo Errhdl : i = vA(1) ’ Force e r r o r in case o f v e r t i c a l a r ray s
On Error GoTo 0 : n = UBound(vA ) : ReDim vC(1 To n) As Variant , vD(1 To n) As Variant : dSumAbs = .Sum(vA)
For i = 1 To n

d = I I f (bAbsSum , vA( i ) , vA( i ) / dSumAbs * 100#): vC( i ) = .Round(d , l D i g i t s )
I f lErrorType = 1 Then ’ Ab so l u t e e r r o r

vD( i ) = vC( i ) = d
E l s e I f lErrorType = 2 Then ’ R e l a t i v e e r r o r

vD( i ) = (vC( i ) = d) * d
Else

RoundToSum = CVErr( xlErrValue ) : Exit Function
End I f

Next i
dRoundedSum = .Round( I I f (bAbsSum , dSumAbs , 100#) , l D i g i t s )
dDi f f = .Round(dRoundedSum = .Sum(vC) , l D i g i t s )
I f dDi f f <> 0# Then

lSgn = Sgn( dDi f f ) : lCount = .Round(Abs( dDi f f ) * 10 ˆ l D i g i t s , 0)
’ Now f i n d h i g h e s t ( l ow e s t ) lCount i n d i c e s in vD
ReDim m(1 To lCount ) As Long
For i = 1 To lCount : m( i ) = i : Next i
For i = 1 To lCount = 1

For j = i + 1 To lCount
I f lSgn * vD(m( i ) ) > lSgn * vD(m( j ) ) Then k = m( i ) : m( i ) = m( j ) : m( j ) = k

Next j
Next i
For i = lCount + 1 To n

I f lSgn * vD( i ) < lSgn * vD(m( lCount ) ) Then
j = lCount = 1
Do While j > 0

I f lSgn * vD( i ) >= lSgn * vD(m( j ) ) Then Exit Do
j = j = 1

Loop
For k = lCount To j + 2 Step =1: m(k ) = m(k = 1 ) : Next k : m( j + 1) = i

End I f
Next i
For i = 1 To lCount : vC(m( i ) ) = .Round(vC(m( i ) ) + dDi f f / lCount , l D i g i t s ) : Next i

End I f
I f b Then vC = . Transpose (vC)
RoundToSum = vC
Exit Function

Errhdl :
’ Transpose v a r i a n t s to be a b l e to addr e s s them wi th vA( i ) , not vA( i , 1 )
b = True : vA = . Transpose (vA ) : Resume Next

End With
End Function

Sub DescribeFunction RoundToSum ()
’Run t h i s on l y once , then you w i l l s e e t h i s d e s c r i p t i o n in t h e f u n c t i o n menu
Dim FuncName As String , FuncDesc As String , Category As String , ArgDesc (1 To 4) As String
FuncName = ”RoundToSum”
FuncDesc = ”Rounding  va lues  p r e s e rv ing  t h e i r  rounded  sum”
Category = mcMath and Trig
ArgDesc (1) = ”Range  or  array  which  conta ins  unrounded  va lues ”
ArgDesc (2) = ” [ Optional  = 2 ]  Number  o f  d i g i t s  to  round  to .  For  example :  0  rounds  to  i n t eg e r s , ” &

”  2  rounds  to  the  cent ,  =3  w i l l  use  thousands ”
ArgDesc (3) = ” [ Optional  = True ]  True  takes  the  summands  as  they  are ;  Fa l se  works  on  the  summands ’ ” &

”  percentages  to  make  a l l  pe rcentages  add  up  to  100%  exac t l y ”
ArgDesc (4) = ” [ Optional  = 1 ]  Error  type :  1=  abso lute  e r ror ,  2  = r e l a t i v e  e r r o r ”
Appl i cat ion . MacroOptions Macro:=FuncName , Desc r ip t i on :=FuncDesc , Category :=Category ,

ArgumentDescriptions :=ArgDesc
End Sub
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