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Figure 15. Very large river cave passage in Da Long Dong (Big Dragon Cave) in
western Hunan Province, southwest China. In some places the width of this passage
exceeds 100 meters. Photo: Kevin Downey
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APPENDIX I

Cave Growth Application Code
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VB6 Project: prjCaveGrowth
Form: FrmCaveGrowth
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Ifﬁ priCaveGrowth - frmCaveGrowth (Form)
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@' Cave Growth

— Configuration
— Grid
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Center ID
Center " ID
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Option Explicit

Private WaterArea As Double
Private WaterLevel As Long
Private Pi As Double

Private TErosionDist As Double
Private CenterX As Double

Private CenterY As Double

Private Radius As Double

Private CurX As Single

Private CurY As Single

Private TimerX As Single

Private TimerY As Single

Private DataFile As String

Private NumRecs As Long

Private oConn As ADODB.Connection
Private oRS As ADODB.Recordset

e




Private ActiveTool As Integer
Private ExtX As Double

Private ExtY As Double

Private OldX As Double

Private OldY As Double

Private InitArea As Double
Private TotalVertices As Long
Private TotalDistance As Double

Private Sub cmdDefs_Click()
On Error GoTo ErrHandler
txtDimensions. Text = 10000
txtCenX.Text =0
txtCenY.Text =0
txtGridInc. Text = 1000

picDisplay.ScaleTop = Val(txtCenY.Text) + Val(txtDimensions.Text) / 2
picDisplay.ScaleLeft = Val(txtCenX.Text) - Val(txtDimensions.Text) / 2
picDisplay.ScaleHeight = Val(txtDimensions.Text) * -1
picDisplay.ScaleWidth = Val(txtDimensions.Text)

'Calculate position for cave center

CenterX = picDisplay.ScalelLeft + picDisplay.ScaleWidth / 2

CenterY = picDisplay.ScaleTop + (-1 * picDisplay.ScaleHeight / 2)

‘Calculate Grid
picDisplay.Cls
DispGrid. XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &HDCDCDC
DrawCaveWalls
Exit Sub
ErrHandler:
MsgBox "Error in cmdDefs_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub cmdEnterVertices_Click()
On Error GoTo ErrHandler
picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &HDCDCDC
NumVertices = 0
Erase Vertice()
Erase CaveWall()
Erase CaveWalls()
CaveExists = False
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frmEnterVertices.Show vbModal

Exit Sub
ErrHandler:

MsgBox "Error in cmdAddVertex_Click: " & Err.Number & vbNewLine &
Err.Description

Resume Next
End Sub

Private Sub cmdFullExtent_Click()
On Error GoTo ErrHandler
Dim i As Long
Dim IX As Double
Dim hX As Double
Dim 1Y As Double
Dim hY As Double

If CaveExists Then
IX = Vertice(0).X
hX = Vertice(0).X
1Y = Vertice(0).Y
hY = Vertice(0).Y
Fori=1 To NumVertices - 1
If Vertice(i).X < 1X Then 1X = Vertice(i).X
If Vertice(i).X > hX Then hX = Vertice(i).X
If Vertice(i).Y <1Y Then 1Y = Vertice(i).Y
If Vertice(i).Y > hY Then hY = Vertice(i).Y
Next i
If hX - IX >hY -1Y Then
txtDimensions.Text = (hX - IX) * 1.1
Else
txtDimensions.Text = (hY - 1Y) * 1.1
End If
txtCenX.Text =1X + (hX - 1X) /2
txtCenY.Text=1Y + (hY - 1Y) /2
picDisplay.ScaleTop = txtCenY.Text + txtDimensions.Text / 2
picDisplay.ScaleLeft = txtCenX.Text - txtDimensions.Text / 2
picDisplay.ScaleHeight = txtDimensions.Text * -1
picDisplay.ScaleWidth = txtDimensions.Text
'Calculate Grid
picDisplay.Cls
DispGrid.XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &HDCDCDC
DrawCaveWalls
Else
MsgBox "No Cave Exists Yet", , "Undefined Cave"
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End If

Exit Sub
ErrHandler:

MsgBox "Error in cmdFullExtent_Click: " & Err.Number & vbNewLine &
Err.Description

Resume Next
End Sub

Private Sub cmdLoad_Click()
On Error GoTo ErrHandler
Dim CGWname As String
Dim FileNum As Integer
Dim NumCaves As Long
Dim NumVs As Long
Dim InX As Double
Dim InY As Double
Dim i As Long
Dim j As Long

picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &#HDCDCDC
NumVertices =0
Erase Vertice()
Erase CaveWall()
Erase CaveWalls()
CaveExists = False
cdgl.DialogTitle = "Load Cave File"
cdgl.Filter = "*.cgwl*.cgw"
cdgl.FileName = ""
cdgl.ShowOpen
CGWname = cdgl.FileName
FileNum = FreeFile
If CGWname = "" Then Exit Sub
Open CGWname For Input As #FileNum
Input #FileNum, NumCaves, NumVs
ReDim CaveWalls(0 To NumCaves)
NumVertices = NumVs
Do While Not EOF(FileNum) ' Check for end of file.
For i =0 To NumCaves - 1
ReDim CaveWall(0 To NumVs - 1, 1 To 2)
For j =0 To NumVs - 1
Input #FileNum, InX, InY
CaveWall(j, 1) =InX
CaveWall(j, 2) = InY
Next j
CaveWalls(i) = CaveWall
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Next
Loop
Close #FileNum

ReDim Vertice(0 To NumVertices - 1)
For i =0 To NumVertices - 1
Set Vertice(i) = New CaveVertex
Vertice(i).X = CaveWalls(0)(i, 1)
Vertice(i).Y = CaveWalls(0)(i, 2)
Next
InitArea = PolyArea(Vertice())
ReDim Vertice(0 To NumVertices - 1)
For i =0 To NumVertices - 1
Set Vertice(i) = New CaveVertex
Vertice(i).X = CaveWalls(UBound(CaveWalls) - 1)(i, 1)
Vertice(i).Y = CaveWalls(UBound(CaveWalls) - 1)(i, 2)

Next
CaveExists = True
DrawCaveWalls

txtArea.Text = "Area: " & FormatNumber(PolyArea(Vertice()) / 1000000, 3) & " m2"
txtDiffArea.Text = "Growth: " & FormatNumber((PolyArea(Vertice()) - InitArea) /
1000000, 6) & " m2"
Exit Sub
ErrHandler:
MsgBox "Error in cmdLoad_Click: " & Err.Number & vbNewLine & Err.Description
Close #FileNum
End Sub

Private Sub cmdProcess_Click()

On Error GoTo ErrHandler

Dim i As Long

Dim j As Long

Dim JDay As Double 'current julian date in decimal days

Dim JDayl As Double 'initial record's julian date stored so that intervals are right from
the start of each loop (may not start at zero)

Dim PreviousJDay As Double 'variable to store the last julian date processed

Dim JYrs As Double 'accumulated interval of time that has been processed in decimal
days

Dim dInterval As Double 'interval of time the current record represents

Dim JInterval As Double 'inteval of time in decimal days since the last record(s)
were/was processed

Dim WallNum As Integer

Dim TempWaterArea As Double

Dim TempDist As Double

Dim IntervalCounter As Long

Dim DRate As Double
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Dim WArea As Double
Const MinsInDay As Double = 1440

TotalVertices =0
TotalDistance = 0
If tabShape.SelectedItem.Index = 1 Or tabShape.SelectedItem.Index = 2 Then 'if circle
or rectangle are chosen
If txtNumVertices(tabShape.SelectedItem.Index - 1).Text < 4 Then
MsgBox "A minimum of four vertices must be specified for this program to run.",
vbCritical, "Insufficient Number of Vertices"
Exit Sub
End If
End If

ReDim CaveWalls(0 To 100 / Val(cbxDraw.Text)) 'set up array to store cave walls
dependent on how many are to be drawn

tbr1.Buttons(5).Enabled = False 'disable the add vertex button
frmCaveGrowth.MousePointer = vbHourglass
txtArea. Text =""

txtArea.Refresh

txtDiffArea. Text = ""

txtDiffArea.Refresh

txtTotals. Text = ""

txtTotals.Refresh

pbrl.Visible = True

pbrl.Value =0

WaterLevel =0

'Display Grid
picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC

'Calculate and display cave center

CenterX = picDisplay.ScaleLeft + picDisplay.ScaleWidth / 2
CenterY = picDisplay.ScaleTop + picDisplay.ScaleHeight / 2
'picDisplay.PSet (CenterX, CenterY), vbGreen

'Generate cave vertices
Select Case tabShape.SelectedItem.Index
Case 1
VerticesFromCircle
Case 2
VerticesFromRect
Case 3
End Select



48

'store first cave wall
ReDim CaveWall(0 To NumVertices - 1, 1 To 2) 'set up array to hold X,Y pairs
For j =0 To NumVertices - 1 'store vertice locations
CaveWall(j, 1) = Vertice(j).X
CaveWall(j, 2) = Vertice(j).Y
Next j
CaveWalls(0) = CaveWall 'store the cave wall into an array

'Display initial cave
DrawVertices
picDisplay.Refresh

InitArea = PolyArea(Vertice())

If fralnput(0).Visible Then 'simulation

'Simulate dissolution events

WaterArea = txtWaterLevel. Text

For i =0 To txtNumEvents.Text - 1
TErosionDist = txtDistance 'distance to move vertices
'determine which vertices are underwater and thus get more erosion
‘Debug.Print "Event # " & 1
CalcWaterLevel
SelectUnderWater
'move vertices to new positions
CalcCoords

AddNewVertices (txtMaxDist. Text)

Ifi <> 0 Then
If (txtNumEvents.Text - 1) / (100 / cbxDraw.Text) >= 1 Then
If i Mod (txtNumEvents.Text - 1) / (100 / cbxDraw.Text) = 0 Then
DrawVertices
WallNum =i/ ((txtNumEvents.Text - 1) / (100 / cbxDraw.Text))
ReDim CaveWall(0 To NumVertices - 1, 1 To 2)
For j =0 To NumVertices - 1
CaveWall(j, 1) = Vertice(j).X
CaveWall(j, 2) = Vertice(j).Y
Next j
CaveWalls(WallNum) = CaveWall
DrawUnderWater
picDisplay.Refresh
If i <> 0 Then
pbrl.Value =1/ (txtNumEvents.Text - 1) * 100
pbrl.Refresh
End If
End If
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End If
End If

Next

Else 'real data
If Not oRS Is Nothing Then 'make sure the recordset exists

NumRecs = o0RS.RecordCount

'oR

S.MoveFirst 'move to start of recordset

'Initialize counters

i=

0

JYrs=0

JInterval =0
Do While Round(JYts, 8) < Val(txtYrs.Text) * 365 'repeat for the number of years

specified by the user
oRS.MoveFirst 'move to start of recordset
Do While Not oRS.EOF And (Round(JYTrs, 8) <= Val(txtYrs.Text) * 365) 'read in

data until end of file

Al

exit if a null record is encountered - user needs to fix data

If IsNull(oRS.Fields(0).Value) Or IsNull(oRS.Fields(1).Value) Or
IsNull(oRS.Fields(2).Value) Or IsEmpty(oRS.Fields(0).Value) Or
IsEmpty(oRS.Fields(1).Value) Or IsSEmpty(oRS.Fields(2).Value) Then

MsgBox "Missing or null value encountered in data file at record " & i+ 1 &

vbNewLine & "Please correct and process again", vbCritical, "Errors Occurred”

ZE1ros

Exit Sub
Else
'read values from current dataset
JDay = oRS.Fields(0).Value 'Decimal Julian Date
DRate = oRS.Fields(1).Value 'mm/yr
WArea = oRS Fields(2).Value * 1000000 'm2 (therefore convert to mm?2)
If i = 0 Then 'if the first record in the file
PreviousJDay = JDay
AddNewVertices (txtMaxDist. Text) 'Fill gaps with new vertices
JDayl = JDay 'record of start date in file (may not be zero)

End If
'due to the following line the first record is not evaluated so must be a row of

dInterval = JDay - PreviousJDay 'interval represented by the record being read
'next line seems odd - idea of multiplying area by time is to later divide by time to

determine an average and then determine area for the interval being processed

TempWaterArea = TempWaterArea + (WArea * dInterval) 'units of area*time =

mm?2*days

TempDist = TempDist + (DRate * dInterval / 365) '(mm/yr)*(days/365)=mm

JYrs =JYrs + dInterval 'Julian Years Counter stored in decimal days used to

know when to stop running
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JInterval = JInterval + dInterval 'keep tally of Julian time interval until it reaches
user specified interval
If Round(JInterval, 8) >= Round((txtTimelnterval. Text / MinsInDay), 8) Then
'only process if time passed is greater than user defined interval
Do While Round(JInterval, 8) >= Round((txtTimelnterval. Text / MinsInDay), 8)
'repeat as last record added may represent time greater than one user defined interval
WaterArea = (TempWaterArea / JInterval) 'average area over interval
TErosionDist = TempDist * ((txtTimelnterval. Text / MinsInDay) / JInterval)
‘avg distance rate over interval multiplied by time =mm
'Need to reduce TempWaterArea, TempDist, and JInterval to carry over unused
portions of both into the next equation
TempWaterArea = TempWaterArea - (WaterArea * (txtTimelnterval. Text /
MinsInDay))
TempDist = TempDist - TErosionDist
JInterval = JInterval - (txtTimelnterval. Text / MinsInDay)
'Calculate Water Levels
CalcWaterLevel
'select underwater
SelectUnderWater
‘move vertices
CalcCoords
‘add new vertices
AddNewVertices (txtMaxDist. Text)
Loop
Else 'user defined interval was not yet reached so don't process - accumulate
values
End If

'determine if it is necessary to draw the cave walls
If i <> 0 Then
If NumRecs / (100 / cbxDraw.Text) >= 1 Then
If i Mod NumRecs / (100 / cbxDraw.Text) = 0 Then
DrawVertices
WallNum =i/ (NumRecs / (100 / cbxDraw.Text))
ReDim CaveWall(0 To NumVertices - 1, 1 To 2)
For j =0 To NumVertices - 1
CaveWall(j, 1) = Vertice(j).X
CaveWall(j, 2) = Vertice(j).Y
Next j
CaveWalls(WallNum) = CaveWall
' DrawUnderWater
picDisplay.Refresh
Ifi <> 0 Then
pbrl.Value = (i / NumRecs * 100) Mod 100
pbrl.Refresh
End If
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End If
End If
End If
End If
PreviousJDay = JDay 'previous record's timestamp is incremented to the current
record's timestamp (processing complete)
oRS.MoveNext 'move cursor to next record
If Not oRS.EOF Then
1=1+ 1 'increment record counter
txtRec.Text =1 '+ 1 'display record number
txtRec.Refresh
Else
i=i
End If
Loop
PreviousJDay = JDay1 'reset previous each loop to make sure that intervals are
correct
IblYrs.Caption = FormatNumber(JYrs / 365, 1) & " Year(s)" 'display number of
years that have passed
frmCaveGrowth.Refresh 'refresh the form
Loop

'Process any left over portion of time smaller than the specified increment
If Round(JInterval, 8) > 0 Then
WaterArea = TempWaterArea / JInterval
TErosionDist = TempDist / JInterval
CalcWaterLevel 'Calculate Water Levels
SelectUnderWater 'select underwater
CalcCoords 'move vertices
AddNewVertices (txtMaxDist.Text) 'add new vertices
End If
txtRec.Text =""
IblYrs.Caption = "-"
Else
MsgBox "Please select a data file", vbOKOnly, "No Data Selected"
End If
End If

‘Display final cave shape and water level
DrawVertices

txtArea.Text = "Area: " & FormatNumber(PolyArea(Vertice()) / 1000000, 3) & " m2"

txtDiffArea.Text = "Growth: " & FormatNumber((PolyArea(Vertice()) - InitArea) /
1000000, 6) & " m2"

txtTotals.Text = TotalVertices & " V Events, Avg Dis Rate =" & TotalDistance /
TotalVertices * txtYrs * 525600 / txtTimelnterval . Text



52

frmCaveGrowth.MousePointer = vbDefault
pbrl.Visible = False
CaveExists = True
Exit Sub
ErrHandler:
MsgBox "Error in cmdProcess_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub cmdSave_Click()
On Error GoTo ErrHandler

Dim CGWname As String
Dim FileNum As Integer
Dim OutX As Double
Dim OutY As Double
Dim i As Long
Dim j As Long

cdgl.DialogTitle = "Save Cave File"
cdgl.Filter = "*.cgwl*.cgw"
cdgl.ShowSave
CGWname = cdgl.FileName
FileNum = FreeFile
Open CGWname For Output As #FileNum
Write #FileNum, UBound(CaveWalls), NumVertices
For i = 0 To UBound(CaveWalls) - 1
On Error Resume Next 'this accounts for earlier caves having less vertices
For j =0 To NumVertices - 1
OutX = CaveWalls(i)(j, 1)
OutY = CaveWalls(i)(j, 2)
Write #FileNum, OutX, OutY
Next j
On Error GoTo ErrHandler
Next
Close #FileNum
Exit Sub
ErrHandler:
MsgBox "Error in cmdSave_Click: " & Err.Number & vbNewLine & Err.Description
Close #FileNum
End Sub

Private Sub cmdSelectData_Click()
On Error GoTo ErrHandler
Dim cat As New ADOX.Catalog
If Not oRS Is Nothing Then
oRS.Close
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0oConn.Close
DataFile = ""
txtDataFile. Text = ""
End If
picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC

cdgl.DialogTitle = "Select Input Data"

cdgl.FileName = ""

cdgl.Filter = "*.xIsl*.xIs"

cdgl.ShowOpen

DataFile = cdgl.FileName

If DataFile = "" Then Exit Sub

Set oConn = New ADODB.Connection

Set oRS = New ADODB.Recordset

0Conn.Open "Provider=Microsoft.Jet. OLEDB.4.0;" & "Data Source=" & DataFile &
&

"Extended Properties=""Excel 8.0;HDR=YES;"""

Set cat.ActiveConnection = oConn
'0oRS.Open "[Sheet1$]", oConn, adOpenStatic, adLLockOptimistic
'0RS.Open "[" & cat.Tables(0).Name & "]", oConn, adOpenStatic, adLockOptimistic
oRS.Open "[SimData$]", oConn, adOpenStatic, adLLockOptimistic
txtDataFile. Text = DataFile
txtDataFile.SetFocus
txtDataFile.SelStart = 0
txtDataFile.SelLength = Len(txtDataFile)
Set cat = Nothing
Exit Sub
ErrHandler:
Set cat = Nothing
MsgBox "Error in cmdSelectData_Click: " & Err.Number & vbNewLine &
Err.Description
Resume Next
End Sub

Private Sub cmdSet_Click()
On Error GoTo ErrHandler
picDisplay.ScaleTop = Val(txtCenY.Text) + Val(txtDimensions.Text) / 2
picDisplay.ScaleLeft = Val(txtCenX.Text) - Val(txtDimensions.Text) / 2
picDisplay.ScaleHeight = Val(txtDimensions.Text) * -1
picDisplay.ScaleWidth = Val(txtDimensions.Text)
'Calculate position for cave center
CenterX = picDisplay.ScalelLeft + picDisplay.ScaleWidth / 2
CenterY = picDisplay.ScaleTop + (-1 * picDisplay.ScaleHeight / 2)



54

'Calculate Grid
picDisplay.Cls
DispGrid.XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &#HDCDCDC
DrawCaveWalls
Exit Sub
ErrHandler:
MsgBox "Error in cmdSet_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub Command]1_Click()
AddNewVertices (txtDistance.Text)
End Sub

Private Sub cmdCLS_Click()
On Error GoTo ErrHandler
picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &HDCDCDC
Exit Sub
ErrHandler:
MsgBox "Error in cmdCLS_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub Form_Load()
On Error GoTo ErrHandler
Pi=3.141596
ActiveTool ="1"
Pi=4* Atn(1)
picDisplay.ScaleTop = Val(txtCenY.Text) + Val(txtDimensions.Text) / 2
picDisplay.ScaleLeft = txtCenX - Val(txtDimensions.Text) / 2
picDisplay.ScaleHeight = Val(txtDimensions.Text) * -1
picDisplay.ScaleWidth = Val(txtDimensions.Text)
Set DispGrid = New GridLines
DispGrid.XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &#HDCDCDC
cbxDraw.AddItem 1
cbxDraw.AddItem 5
cbxDraw.AddItem 10
cbxDraw.AddItem 20
cbxDraw.AddItem 25
cbxDraw.AddItem 50
cbxDraw.AddItem 100
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cbxDraw.Text =5
CaveExists = False
Exit Sub
ErrHandler:
MsgBox "Error in Form_Load: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub picDisplay_MouseDown(Button As Integer, Shift As Integer, X As Single, Y
As Single)
On Error GoTo ErrHandler
If ActiveTool = 1 Or ActiveTool =2 Or ActiveTool = 3 Then
ExtX =X
ExtY =Y
picDisplay.DrawMode = vbInvert
End If
Exit Sub
ErrHandler:
MsgBox "Error in picDisplay_MouseDown: " & Err.Number & vbNewLine &
Err.Description
Resume Next
End Sub

Private Sub picDisplay_MouseMove(Button As Integer, Shift As Integer, X As Single, Y

As Single)
On Error GoTo ErrHandler
txtXY.Text=X&"," &Y
CurX =X
CurY=Y

tmrDisp.Enabled = True
tmrTip.Enabled = False
IbIMapTip.Visible = False
If picDisplay.DrawMode = vblnvert Then
If ActiveTool = 3 Then 'Pan
picDisplay.Line (ExtX, ExtY)-(OldX, OIldY)
picDisplay.Line (ExtX, ExtY)-(X, Y)
Else
If ActiveTool =1 Or ActiveTool =2 Then
picDisplay.Line (ExtX, ExtY)-(OldX, OIdY), , B
picDisplay.Line (ExtX, ExtY)-(X, Y),, B
End If
End If
End If
Ooldx =X
oy =Y
Exit Sub



ErrHandler:

MsgBox "Error in picDisplay_MouseMove: " & Err.Number & vbNewLine &
Err.Description

Resume Next
End Sub

Private Sub picDisplay_MouseUp(Button As Integer, Shift As Integer, X As Single, Y
As Single)
On Error GoTo ErrHandler
Dim IDList() As String
Dim i As Long
Dim Message As String
Dim IX As Single
Dim hX As Single
Dim 1Y As Single
Dim hY As Single
Dim g_Dim As Single
Dim PanX As Single
Dim PanY As Single

Select Case ActiveTool
Case 1 Zoom In
picDisplay.DrawMode = vbCopyPen
If ExtY > Y Then
hY = ExtY
IY=Y
Else
1Y = ExtY
hY=Y
End If
If ExtX > X Then
hX = ExtX
X=X
Else
IX = ExtX
hX =X
End If
If hY - 1Y > hX - 1X Then 'height of zoombox greater than its width
g Dim=hY -1Y
picDisplay.ScaleTop = hY
picDisplay.ScaleLeft = (IX + hX)/2-g Dim/2
Else 'width of zoombox greater than its height
g Dim =hX-1X
picDisplay.ScalelLeft = 1X
picDisplay.ScaleTop=(1Y +hY)/2+ g Dim /2
End If
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If g Dim > 0 Then 'make sure the user did not just click on the map without dragging
picDisplay.ScaleHeight = g_Dim * -1
picDisplay.ScaleWidth = g_Dim

'Calculate Grid

picDisplay.Cls

DispGrid.XDiv = Val(txtGridInc.Text)

DispGrid.YDiv = Val(txtGridInc.Text)

DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC

DrawCaveWalls

'‘Draw Vertices

txtDimensions. Text = g_Dim

txtCenX.Text = picDisplay.ScaleLeft + g Dim /2

txtCenY.Text = picDisplay.ScaleTop - g Dim /2
End If

Case 2 'Zoom Out
picDisplay.DrawMode = vbCopyPen
If ExtY > Y Then
hY = ExtY
Y=Y
Else
1Y = ExtY
hY=Y
End If
If ExtX > X Then
hX = ExtX
X=X
Else
IX = ExtX
hX =X
End If
IfhY -1Y <> 0 Or hX - 1X <> 0 Then
If (hY - 1Y) > (hX - 1X) Then
'diff between zoombox height and the extent height is smallest (short wide zbox)
g_Dim = picDisplay.ScaleHeight / (hY - 1Y) * picDisplay.ScaleHeight
Else
'diff between zoombox width and the extent width is smallest (short wide zbox)
g_Dim = picDisplay.ScaleWidth / (hX - 1X) * picDisplay.ScaleWidth
End If
picDisplay.ScaleTop =1Y 4+ (hY -1Y) /2 + g Dim/ 2 'centerY of zbox - half the
new extent
picDisplay.ScaleLeft =1X + (hX -1X) /2 - g Dim /2 'centerX of zbox - half the
new extent
If g Dim > 0 Then 'make sure the user did not just click on the map without
dragging
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picDisplay.ScaleHeight = g Dim * -1
picDisplay.ScaleWidth = g_Dim

'Calculate Grid
picDisplay.Cls
DispGrid.XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC
DrawCaveWalls
txtDimensions. Text = g_Dim
txtCenX.Text = picDisplay.ScaleLeft + g Dim /2
txtCenY.Text = picDisplay.ScaleTop - g_Dim /2
End If
End If

Case 3 'Pan
picDisplay.DrawMode = vbCopyPen
PanX = picDisplay.ScaleLeft + ExtX - X
PanY = picDisplay.ScaleTop + ExtY - Y
picDisplay.ScaleTop = PanY
picDisplay.ScaleLeft = PanX
txtCenX.Text = PanX
txtCenY.Text = PanY

'Calculate Grid
picDisplay.Cls
DispGrid.XDiv = Val(txtGridInc.Text)
DispGrid.YDiv = Val(txtGridInc.Text)
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC
DrawCaveWalls
Case 4 'ID
If SelectVertex(X, Y) <> "" Then
IDList = Split(SelectVertex(X, Y), ",")
For i = 0 To UBound(IDList)
Message = Message & "Vertex: " & IDList(i) & vbNewLine
Message = Message & "X: " & Vertice(Val(IDList(1))).X & vbNewLine
Message = Message & "Y: " & Vertice(Val(IDList(1))).Y & vbNewLine
Message = Message & "Underwater: " & Vertice(Val(IDList(i))).Underwater &
vbNewLine
Message = Message & vbNewLine
Next i
MsgBox Message, vbOKOnly, "Vertex Info"
End If

Case 5 'Add Vertex
If fraShape(2).Visible Then
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picDisplay.Cls
DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, & HDCDCDC
ReDim Preserve Vertice(0 To NumVertices)
Set Vertice(NumVertices) = New CaveVertex
Vertice(NumVertices).X = X
Vertice(NumVertices).Y = Y
NumVertices = NumVertices + 1
DrawVertices
End If
Case Else
End Select
Exit Sub
ErrHandler:
MsgBox "Error in picDisplay_MouseUp: " & Err.Number & vbNewLine &
Err.Description
Resume Next
End Sub

Public Sub DrawVertices()
Dim i As Long

For i =0 To NumVertices - 1
picDisplay.PSet (Vertice(1). X, Vertice(i).Y), vbRed
‘picDisplay.Print Vertice(i).X & ", " & Vertice(i).Y
picDisplay.DrawWidth = 1
If i >0 Then
picDisplay.Line (Vertice(i - 1).X, Vertice(i - 1).Y)-(Vertice(i).X, Vertice(1).Y)
End If
If i = NumVertices - 1 Then picDisplay.Line (Vertice(0).X, Vertice(0).Y)-
(Vertice(i).X, Vertice(i).Y)
picDisplay.DrawWidth = 3
Next i
Exit Sub
ErrHandler:
MsgBox "Error in Draw Vertices: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub DrawWaterLevel()

On Error GoTo ErrHandler

picDisplay.DrawWidth = 4

picDisplay.Line (picDisplay.ScaleLeft, Vertice(WaterLevel).Y)-(picDisplay.ScaleLeft +
picDisplay.ScaleWidth, Vertice(WaterLevel).Y), vbCyan

picDisplay.DrawWidth = 3

Exit Sub
ErrHandler:



60

MsgBox "Error in DrawWaterLevel: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub DrawUnderWater()
On Error GoTo ErrHandler
Dim i As Long
For i =0 To NumVertices - 1
If Vertice(i).Underwater = True Then
picDisplay.PSet (Vertice(i).X, Vertice(i).Y), vbBlue
End If
Next
Exit Sub
ErrHandler:
MsgBox "Error in DrawUnderWater: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Function SelectUnderWater() As String
On Error GoTo ErrHandler
Dim i As Long
Dim VList As String

VList=""
For i =0 To NumVertices - 1
'If Vertice(i).Y <= Vertice(WaterLevel).Y Then
If Round(Vertice(i).Y, 6) <= Round(Vertice(WaterLevel).Y, 6) Then
Vertice(i).Underwater = True
If VList ="" Then
VList =1
Else
VList=VList & "," & i
End If
Else
Vertice(i).Underwater = False
End If
Next
SelectUnderWater = VList
Exit Function
ErrHandler:
MsgBox "Error in SelectUnderWater: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Private Function PolyArea(Point() As CaveVertex) As Double
" On Error GoTo ErrHandler



Dim i As Long

Dim s1 As Double, s2 As Double
Dim Area As Double

Dim VCount As Integer

VCount = UBound(Point)
s1=0
s2=0
Fori=0To (VCount - 1)
sl =s1 + (Point(i).X * Point(i + 1).Y)
s2 =52 + (Point(i).Y * Point(i + 1).X)
Next
sl =s1 + Point(VCount).X * Point(0).Y
82 =82 + Point(VCount).Y * Point(0).X
PolyArea = 0.5 * Abs(sl - s2)
Exit Function
ErrHandler:
MsgBox "Error in PolyArea: " & Err.Number & vbNewLine & Err.Description
End Function

Private Sub CalcCoords()
Dim i As Long
Dim Slope As Double
Dim Bearing As Double
Dim PosX As Boolean
Dim PosY As Boolean
Dim Max As Integer
Dim Distance As Double
Dim Undefined As Boolean
Dim Xarray() As Double 'arrays to hold values while originals are being use in
calculations
Dim Yarray() As Double

ReDim Xarray(0 To NumVertices - 1)
ReDim Yarray(0 To NumVertices - 1)
Max = NumVertices - 1
For i =0 To Max
Undefined = False
If Noti=0 Then
If Not i = Max Then
If Round(Vertice(i + 1).X, 6) <> Round(Vertice(i - 1).X, 6) Then
Slope = (Vertice(i + 1).Y - Vertice(i - 1).Y) / (Vertice(i + 1).X - Vertice(i - 1).X)
Else
Undefined = True
End If
'"PosX = IIf(Vertice(i + 1).X >= Vertice(i - 1).X, True, False)
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PosX = IIf(Round(Vertice(i + 1).X, 6) >= Round(Vertice(i - 1).X, 6), True, False)
Else
If Round(Vertice(0).X, 6) <> Round(Vertice(Max - 1).X, 6) Then
Slope = (Vertice(0).Y - Vertice(Max - 1).Y) / (Vertice(0).X - Vertice(Max - 1).X)
Else
Undefined = True
End If
"PosX = IIf(Vertice(0).X >= Vertice(Max - 1).X, True, False)
PosX = IIf(Round(Vertice(0).X, 6) >= Round(Vertice(Max - 1).X, 6), True, False)
End If
Else
If Round(Vertice(1).X, 6) <> Round(Vertice(Max).X, 6) Then
Slope = (Vertice(1).Y - Vertice(Max).Y) / (Vertice(1).X - Vertice(Max).X)
Else
Undefined = True
End If
'PosX = IIf(Vertice(1).X >= Vertice(Max).X, True, False)
PosX = IIf(Round(Vertice(1).X, 6) >= Round(Vertice(Max).X, 6), True, False)
End If
If Undefined = False Then
Bearing = Atn(Slope) * 180/ Pi
If Bearing < 0 Then
If PosX = True Then
Bearing = Bearing * -1
Else
Bearing = Bearing * -1 + 180
End If
Else
If PosX = True Then
Bearing = 360 - Bearing
Else
Bearing = 180 - Bearing
End If
End If
Else
If i =0 Then
'PosY = IIf(Vertice(1).Y >= Vertice(Max).Y, True, False)
PosY = IIf(Round(Vertice(1).Y, 6) >= Round(Vertice(Max).Y, 6), True, False)
Elself i = Max Then
'"PosY = IIf(Vertice(0).Y >= Vertice(Max - 1).Y, True, False)
PosY = IIf(Round(Vertice(0).Y, 6) >= Round(Vertice(Max - 1).Y, 6), True, False)
Else
'PosY = IIf(Vertice(i + 1).Y >= Vertice(i - 1).Y, True, False)
PosY = IIf(Round(Vertice(i + 1).Y, 6) >= Round(Vertice(i - 1).Y, 6), True, False)
End If
If PosY = True Then
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Bearing = 270
Else
Bearing = 90
End If
End If
If Vertice(i).Underwater = True Then
Distance = TErosionDist '+ WErosion
TotalVertices = Total Vertices + 1 'keep track of how many vertices are moved
TotalDistance = TotalDistance + TErosionDist 'keep track of the total combined
distance moved
Else
Distance = 0 "TErosionDist
End If
Xarray(i) = Vertice(i).X + Distance * Sin(Pi / 180 * Bearing)
Yarray(i) = Vertice(i).Y + Distance * Cos(Pi/ 180 * Bearing)
Next
Fori=0 To NumVertices - 1
Vertice(i).X = Xarray(i)
Vertice(1).Y = Yarray(i)
Next i
Exit Sub
ErrHandler:
MsgBox "Error in CalcCoords: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub CalcWaterLevel()
On Error GoTo ErrHandler
Dim i As Long
Dim UW() As String
Dim UWVertex() As CaveVertex
Dim Increasing As Boolean
Dim ChangeDir As Boolean
Dim UWArea As Double
Dim sUWList As String
Dim dCaveArea As Double

dCaveArea = PolyArea(Vertice())
If WaterArea > dCaveArea Then
'all vertices are wet
For i =0 To NumVertices - 1
If Round(Vertice(i).Y, 6) > Round(Vertice(WaterLevel).Y, 6) Then WaterLevel =i
Next i
SelectUnderWater
DrawPoly Vertice()
Else
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ChangeDir = False
Do While ChangeDir = False
sUWList = SelectUnderWater
If sUWList <> "" Then
UW = Split(sUWList, ",")
'could check for consecutive here
ReDim UW Vertex(0 To UBound(UW))
For i =0 To UBound(UW)
Set UWVertex(i) = Vertice(Val(UW(1)))
Next
If UniqueVertexY Then
If NextHighest <> -1 And NextLowest <> -1 Then
‘another vertex needs to be added as this one does not have a pair
ReDim Preserve UW Vertex(0 To UBound(UW) + 1)
Set UW Vertex(UBound(UW Vertex)) = New CaveVertex
UWVertex(UBound(UW Vertex)).Y = Vertice(WaterLevel).Y
UWVertex(UBound(UW Vertex)). X = GetlntersectX
End If
End If

UWArea = PolyArea(UW Vertex())
If WaterArea > UW Area Then
raise level - find next vertex with a greater y value
If Increasing = False Then
ChangeDir = True
Else
Increasing = True
If NextHighest <> -1 Then
WaterLevel = NextHighest
Else
ChangeDir = True
End If
End If
Elself WaterArea = UW Area Then
ChangeDir = True
Else
'drop level
If Increasing = True Then ChangeDir = True
Increasing = False
If NextLowest <> -1 Then
WaterLevel = NextLowest
Else
ChangeDir = True
End If
End If
End If
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Loop
'‘Debug.Print "Water Level: " & WaterLevel

DrawPoly UW Vertex() 'draw the water level
End If
Exit Sub
ErrHandler:
MsgBox "Error in CalcWaterLevel: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub TabInput_Click()
On Error GoTo ErrHandler
Dim i As Integer
Fori=1To2
If Tablnput.SelectedItem.Index =1 Then
fralnput(i - 1).Visible = True
Else
fralnput(i - 1).Visible = False
End If
Next
Exit Sub
ErrHandler:
MsgBox "Error in Tablnput_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub tabShape_Click()
On Error GoTo ErrHandler
Dim i As Integer
Fori=1To4
If tabShape.SelectedItem.Index =i Then
fraShape(i - 1).Visible = True
Else
fraShape(i - 1).Visible = False
End If
Next
Exit Sub
ErrHandler:
MsgBox "Error in tabShape_Click: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub tbr1_ButtonClick(ByVal Button As MSComctlLib.Button)
On Error GoTo ErrHandler



66

If ActiveTool > 0 Then
tbr1.Buttons(ActiveTool).Value = tbrUnpressed
End If
Button.Value = tbrPressed
ActiveTool = Button.Index
tbrl.Refresh
Exit Sub
ErrHandler:
MsgBox "Error in tbrl_ButtonClick: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub tmrDisp_Timer()
On Error GoTo ErrHandler
Dim IDList() As String
Dim i As Long
Dim Message As String

If TimerX = CurX And TimerY = CurY Then 'no movement
If SelectVertex(CurX, CurY) <> "" Then
IDList = Split(SelectVertex(CurX, CurY), ",")
For i = 0 To UBound(IDList)
Message = Message & "Vertex: " & IDList(i) & vbNewLine
Message = Message & "X: " & Vertice(Val(IDList(i))).X & vbNewLine
Message = Message & "Y: " & Vertice(Val(IDList(1))).Y & vbNewLine
Message = Message & "Underwater: " & Vertice(Val(IDList(i))).Underwater &
vbNewLine
Next i
IbIMapTip.Caption = Message
If CurX - IbIMapTip.Width < picDisplay.ScaleLeft Then
IbIMapTip.Left = picDisplay.ScaleLeft
Else
IbIMapTip.Left = CurX - IbIMapTip.Width
End If
If CurY + IbIMapTip.Height > picDisplay.ScaleTop Then
IbiMapTip.Top = picDisplay.ScaleTop
Else
IbiMapTip.Top = CurY + IbIMapTip.Height
End If
IbIMapTip.Visible = True
tmrTip.Enabled = True
End If
End If
TimerX = CurX
TimerY = CurY
Exit Sub
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ErrHandler:
MsgBox "Error in tmrDisp_Timer: " & Err.Number & vbNewLine & Err.Description
Resume Next

End Sub

Private Sub tmrTip_Timer()
On Error GoTo ErrHandler
IbIMapTip.Visible = False
tmrDisp.Enabled = False
Exit Sub
ErrHandler:
MsgBox "Error: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub txtDimensions_Change()
On Error GoTo ErrHandler
IblDimensions2.Caption = "x " & FormatNumber(txtDimensions.Text, 2)
Exit Sub
ErrHandler:
MsgBox "Error in txtDimensions_Change: " & Err.Number & vbNewLine &
Err.Description
Resume Next
End Sub

Private Sub MaxDistCirc()
On Error GoTo ErrHandler
Dim Bearing As Double
Dim Hypot As Double
Dim Vertex1 As CaveVertex
Dim Vertex2 As CaveVertex
Dim NumVerts As Long

If Not IsNumeric(txtNumVertices(0).Text) Then Exit Sub

Radius = txtRadius.Text

NumVerts = txtNumVertices(0).Text

Bearing = 360 / NumVerts * 0

Set Vertex] = New CaveVertex

Vertex1.X = CenterX + Radius * Sin(Pi / 180 * Bearing)
Vertex1.Y = CenterY + Radius * Cos(Pi/ 180 * Bearing)
Bearing = 360 / NumVerts * 1

Set Vertex2 = New CaveVertex

Vertex2.X = CenterX + Radius * Sin(Pi / 180 * Bearing)
Vertex2.Y = CenterY + Radius * Cos(Pi/ 180 * Bearing)



Hypot = Sgr((Vertex1.Y - Vertex2.Y) " 2 + (Vertex1.X - Vertex2.X) * 2)

Set Vertex1 = Nothing
Set Vertex2 = Nothing
txtMaxDist. Text = Round(Hypot, 1)
Exit Sub
ErrHandler:
MsgBox "Error: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub VerticesFromCircle()
On Error GoTo ErrHandler
Dim Bearing As Double
Dim i As Long

Radius = txtRadius.Text
NumVertices = txtNumVertices(0).Text
ReDim Vertice(0 To NumVertices - 1)
For i =0 To NumVertices - 1
Bearing = 360 / NumVertices * i
Set Vertice(i) = New CaveVertex
Vertice(i).X = CenterX + Radius * Sin(Pi/ 180 * Bearing)
Vertice(i).Y = CenterY + Radius * Cos(Pi/ 180 * Bearing)
Next
Exit Sub
ErrHandler:
MsgBox "Error: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Sub cmdAddVertex_Click()

On Error GoTo ErrHandler

picDisplay.Cls

DispGrid.DrawGrid picDisplay, chkShowGrid, chkShowLabels, &#HDCDCDC

NumVertices =0

Erase Vertice()

Erase CaveWall()

Erase CaveWalls()

CaveExists = False

tbrl.Buttons(ActiveTool).Value = tbrUnpressed

tbr1l.Buttons(5).Value = tbrPressed

tbr1.Buttons(5).Enabled = True

ActiveTool =5

MsgBox "Add vertices by clicking on the display in a clockwise order.", vbOKOnly,
"Add Vertices"
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Exit Sub
ErrHandler:

MsgBox "Error in cmdAddVertex_Click: " & Err.Number & vbNewLine &
Err.Description

Resume Next
End Sub

Function NextHighest() As Integer
On Error GoTo ErrHandler
Dim i As Long
Dim gap As Double
Dim NextNum As Integer

gap =-1
For i =0 To NumVertices - 1
If Round(Vertice(i).Y, 6) > Round(Vertice(WaterLevel).Y, 6) Then
If gap = -1 Then
gap = Vertice(i).Y - Vertice(WaterLevel).Y
NextNum =i
Else
If Round(Vertice(i).Y - Vertice(WaterLevel).Y, 6) < Round(gap, 6) Then
gap = Vertice(i).Y - Vertice(WaterLevel).Y
NextNum =i
End If
End If
End If
Next i
If gap = -1 Then NextNum = -1
NextHighest = NextNum
Exit Function
ErrHandler:
MsgBox "Error in NextHighest: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Function NextLowest() As Integer
On Error GoTo ErrHandler
Dim i As Long
Dim gap As Double
Dim NextNum As Integer

gap =-1
For i =0 To NumVertices - 1
If Round(Vertice(i).Y, 6) < Round(Vertice(WaterLevel).Y, 6) Then
If gap = -1 Then
gap = Vertice(WaterLevel).Y - Vertice(i).Y
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NextNum =i
Else
If Round(Vertice(WaterLevel).Y - Vertice(i).Y, 6) < Round(gap, 6) Then
gap = Vertice(WaterLevel).Y - Vertice(i).Y
NextNum =i
End If
End If
End If
Next i
If gap = -1 Then NextNum = -1
NextLowest = NextNum
Exit Function
ErrHandler:
MsgBox "Error in NextLowest: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Private Function SelectVertex(X As Single, Y As Single) As String

On Error GoTo ErrHandler

Dim i As Long

Dim tolerance As Double

Dim ReturnString As String

Dim ExtMinX As Double

Dim ExtMaxX As Double

Dim ExtMinY As Double

Dim ExtMaxY As Double

tolerance = picDisplay.ScaleX (3, vbPixels, vbUser)
ExtMinX = X - tolerance
ExtMaxX = X + tolerance
ExtMinY =Y - tolerance
ExtMaxY =Y + tolerance
Fori=0 To NumVertices - 1
If Vertice(i).X < ExtMaxX And Vertice(i).X > ExtMinX And Vertice(i).Y < ExtMaxY
And Vertice(i).Y > ExtMinY Then
If ReturnString = "" Then
ReturnString =1
Else
ReturnString = ReturnString & "," & 1
End If
End If
Next i
SelectVertex = ReturnString
Exit Function
ErrHandler:
MsgBox "Error in SelectVertex: " & Err.Number & vbNewLine & Err.Description
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End Function

Private Function LargeGapList(Dist As Double) As String
On Error GoTo ErrHandler
Dim i As Long
Dim Hypot As Double
Dim SpaceList As String

For i =0 To NumVertices - 2
Hypot = Sqr((Vertice(i).Y - Vertice(i + 1).Y) N 2 + (Vertice(i).X - Vertice(i + 1).X) *
2)

If Hypot > Dist Then
SpaceList = SpaceList &1+ 1 & ","
End If
Next i

Hypot = Sqr((Vertice(NumVertices - 1).Y - Vertice(0).Y) * 2 + (Vertice(NumVertices -
1).X - Vertice(0).X) * 2)

If Hypot > Dist Then
SpaceList = SpaceList & NumVertices & ","
End If

LargeGapList = SpaceList
Exit Function
ErrHandler:
MsgBox "Error in LargeGapList: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Private Sub DrawCaveWalls()
On Error GoTo ErrHandler
Dim i As Long
Dim j As Long

If CaveExists Then
For j = 0 To UBound(CaveWalls) - 1
For i = 0 To UBound(CaveWalls(j))
picDisplay.PSet (CaveWalls(j)(i, 1), CaveWalls(j)(i, 2)), vbRed
picDisplay.DrawWidth = 1
If i >0 Then
picDisplay.Line (CaveWalls(j)(i - 1, 1), CaveWalls(j)( - 1, 2))-(CaveWalls(j)(i, 1),
CaveWalls(j)(i, 2))
End If
If i = UBound(CaveWalls(j)) Then picDisplay.Line (CaveWalls(j)(0, 1),
CaveWalls(j)(0, 2))-(CaveWalls(j)(i, 1), CaveWalls(j)(i, 2))
picDisplay.DrawWidth = 3
Next i
Next j
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End If

Exit Sub
ErrHandler:

MsgBox "Error in DrawCaveWalls: " & Err.Number & vbNewLine & Err.Description
" Resume Next
End Sub

Private Sub DrawPoly(Point() As CaveVertex)
Dim i As Long

For i = 0 To UBound(Point)
picDisplay.DrawWidth = 6
picDisplay.PSet (Point(1). X, Point(i).Y), vbCyan
picDisplay.DrawWidth = 1
Ifi> 0 Then
picDisplay.Line (Point(i - 1).X, Point(i - 1).Y)-(Point(i).X, Point(i).Y), vbBlue
End If
If i = UBound(Point) Then picDisplay.Line (Point(0).X, Point(0).Y)-(Point(i).X,
Point(i).Y), vbBlue
picDisplay.DrawWidth = 3
Next i
Exit Sub
ErrHandler:
MsgBox "Error in DrawPoly: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Sub

Private Function UniqueVertexY() As Boolean
On Error GoTo ErrHandler

Dim i As Long
Dim VCount As Long
Dim WL As Double

WL = Vertice(WaterLevel).Y
Fori=0 To NumVertices - 1
If Vertice(i).Y = WL Then VCount = VCount + 1
Next i
If VCount > 1 Then
UniqueVertexY = False
Else
UniqueVertexY = True
End If
Exit Function
ErrHandler:
MsgBox "Error in UniqueVertexY: " & Err.Number & vbNewLine & Err.Description



Resume Next
End Function

Private Function GetIntersectX()
" On Error GoTo ErrHandler

Dim i As Long

Dim WL As Double
Dim Vs As String
Dim V() As String
Dim Slope As Double
Dim X As Double
Dim P() As String

VS - nn
WL = Vertice(WaterLevel).Y

'Find vertice pairs containing the waterlevel Y value
If WaterLevel <> 0 And WaterLevel <> NumVertices - 1 Then
If Vertice(0).Y <= WL And Vertice(NumVertices - 1).Y >= WL Or _
Vertice(0).Y >= WL And Vertice(NumVertices - 1).Y <= WL Then
Vs = NumVertices- 1 & ",0"
End If
End If
For i =0 To NumVertices - 2
If i <> WaterLevel And i + 1 <> WaterLevel Then
If Round(Vertice(i).Y, 6) <= Round(WL, 6) And Round(Vertice(i + 1).Y, 6) >=
Round(WL, 6) Or _
Round(Vertice(i).Y, 6) >= Round(WL, 6) And Round(Vertice(i + 1).Y, 6) <=
Round(WL, 6) Then
Vs=Vs&i&""&i+1&""
End If
End If
Next i
Vs =Trim(Vs)
If Vs <> "" Then
V = Split(Vs, " ")
For i =0 To UBound(V)
P = Split(V(@), ",")
'Point Slope Formula..... y-yl = m(x-x1)
If Round(Vertice(P(0)).X, 6) = Round(Vertice(P(1)).X, 6) Then
X = Vertice(P(0)).X
Else

Slope = (Vertice(P(0)).Y - Vertice(P(1)).Y) / (Vertice(P(0)).X - Vertice(P(1)).X)

X = (Vertice(WaterLevel).Y - Vertice(P(1)).Y) / Slope + Vertice(P(1)).X
End If
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Next i
End If
GetlntersectX = X
Exit Function
ErrHandler:
MsgBox "Error in GetlntersectX: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Private Sub AddNewVertex(Position As Long)
Dim i As Long

ReDim TempVertice(NumVertices)
If Position = 0 Then
TempVertice(Position) = New CaveVertex
'Populate new vertex
Fori=1 To NumVertices - 1
Set TempVertice(i) = Vertice(i - 1)
Next i
Elself Position > 0 Then
For i =0 To Position - 1
Set TempVertice(i) = Vertice(i)
Next i
Set TempVertice(Position) = New CaveVertex
'Populate new vertex
TempVertice(Position).X = (Vertice(Position - 1).X + Vertice(Position).X) / 2
TempVertice(Position).Y = (Vertice(Position - 1).Y + Vertice(Position).Y) / 2
For i = Position + 1 To NumVertices
Set TempVertice(i) = Vertice(i- 1)
Next i
Else
MsgBox "Error - new vertex position cannot be negative", vbCeritical, "Error in
AddNewVertex"
End If
Vertice = TempVertice
Erase TempVertice
DrawVertices
End Sub

Private Function AddNew Vertices(MaxDist As Double)
On Error GoTo ErrHandler
Dim i As Long
Dim j As Long
Dim Hypot As Double
Dim NumVs As Long
Dim PosDist As Double
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Dim NewVertex As CaveVertex
Dim NumNewVs As Long

'Debug.Print "START"
NumNewVs =0
For i =0 To NumVertices - 2

ReDim Preserve TempVertice(i + NumNewVs) 'increment the temparray appropriately

Set TempVertice(i + NumNewVs) = Vertice(i)

Hypot = Sqr((Vertice(i).Y - Vertice(i + 1).Y) * 2 + (Vertice(i).X - Vertice(i + 1).X) *
2)

'Debug.Print Hypot

If Hypot > MaxDist Then 'if the distance is greater than the maximum then split it by
adding vertices

NumVs = Int(Hypot / MaxDist) 'divide the distance by the max distance to determine

the number of vertices to add

For j =1 To NumVs
NumNewVs = NumNewVs + 1 'increment number of new vertices
ReDim Preserve TempVertice(i + NumNew Vs)
Set NewVertex = New CaveVertex
NewVertex.X = Vertice(1).X + ((Vertice(i + 1).X - Vertice(i).X) / (NumVs + 1)) *j
NewVertex.Y = Vertice(i).Y + ((Vertice(i + 1).Y - Vertice(i).Y) / (NumVs + 1)) *j
Set TempVertice(i + NumNewVs) = NewVertex
Next j
End If
Next i
'deal with distance between penultimate and last vertex
ReDim Preserve TempVertice(i + NumNewVs)
Set TempVertice(i + NumNewVs) = Vertice(1)
Hypot = Sqr((Vertice(i).Y - Vertice(0).Y) 2 + (Vertice(i).X - Vertice(0).X) " 2)
If Hypot > MaxDist Then
NumVs = Int(Hypot / MaxDist) 'divide the distance by the max distance to determine
the number of vertices to add
Forj=1To NumVs
NumNewVs = NumNewVs + 1 'increment number of new vertices
ReDim Preserve TempVertice(i + NumNewVs)
Set NewVertex = New CaveVertex
NewVertex.X = Vertice(i).X + ((Vertice(0).X - Vertice(i).X) / (NumVs + 1)) *j
NewVertex.Y = Vertice(1).Y + ((Vertice(0).Y - Vertice(i).Y) / (NumVs + 1)) *j
Set TempVertice(i + NumNewVs) = NewVertex
Next j
End If
Vertice = TempVertice
NumVertices = UBound(Vertice) + 1
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Erase TempVertice
DrawVertices
‘Debug.Print "END"
Exit Function
ErrHandler:
MsgBox "Error in AddNewVertices: " & Err.Number & vbNewLine & Err.Description
Resume Next
End Function

Private Sub txtNumVertices_Change(Index As Integer)
If Index = 0 Then
MaxDistCirc
Else
MaxDistRect
End If
End Sub

Private Sub VerticesFromRect()
On Error GoTo ErrHandler
Dim Bearing As Double
Dim i As Long
Dim RectWidth As Double
Dim RectHeight As Double
Dim Perimiter As Double
Dim AvSpace As Double
Dim VSpace As Double
Dim HSpace As Double
Dim VNum As Long
Dim HNum As Long
Dim MinX As Double
Dim MinY As Double
Dim MaxX As Double
Dim MaxY As Double
Dim OddFlag As Boolean
Dim OddSpace As Double

OddFlag = False

RectWidth = txtWidth.Text

RectHeight = txtHeight. Text

NumVertices = txtNumVertices(1).Text

ReDim Vertice(0 To NumVertices - 1)

If NumVertices Mod 2 = 1 Then OddFlag = True 'is the number of vertices odd?

Perimiter = RectWidth * 2 + RectHeight * 2
If OddFlag = False Then
AvSpace = Perimiter / NumVertices
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Else
AvSpace = Perimiter / (NumVertices - 1) 'extra vertice will be added to the bottom
End If
'HNum and Vnum represent the number of spaces
If Int(RectHeight / AvSpace) < RectHeight / AvSpace Then
If Int(RectWidth / AvSpace) > 0 Then 'width smaller than average spacing
'If Int(RectWidth / AvSpace) Mod 2 > 0 Then
VNum = Int(RectHeight / AvSpace) + 1 'height gets extra vertices
Else
VNum = Int(RectHeight / AvSpace) 'detract one for the width
End If
Else 'evenly divisible by the average spacing
If Int(RectWidth / AvSpace) > 0 Then
VNum = Int(RectHeight / AvSpace)
End If
End If
HNum = Int(RectWidth / AvSpace)

If VNum = 0 Then '(height is less than an average space)
VSpace = RectHeight
Else
VSpace = RectHeight / VNum
End If
If HNum = 0 Then '(width is less than an average space)
HSpace = RectWidth
OddSpace = RectWidth / 2 'if odd, the base needs to accomodate an extra vertice
Else
HSpace = RectWidth / HNum
OddSpace = RectWidth / (HNum + 1) 'if odd, the base needs to accomodate an extra
vertice
End If

'determine rectangle bounds

MinX = CenterX - RectWidth / 2
MinY = CenterY - RectHeight /2
MaxX = CenterX + RectWidth /2
MaxY = CenterY + RectHeight / 2

Set Vertice(0) = New CaveVertex
Vertice(0).X = MinX
Vertice(0).Y = MaxY
Fori=1 To NumVertices - 1
Set Vertice(i) = New CaveVertex
If Round(Vertice(i - 1).X, 6) = Round(MinX, 6) Then 'Left side
If Round(Vertice(i - 1).Y, 6) < Round(MaxY, 6) Then
Vertice(i).X = MinX
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Vertice(1).Y = Vertice(i - 1).Y + VSpace
Else 'Start along top
Vertice(1).X = MinX + HSpace
Vertice(i).Y = MaxY
End If
Elself Round(Vertice(i - 1).Y, 6) = Round(MinY, 6) Then 'Bottom
If OddFlag = False Then
If Round(Vertice(i - 1).X, 6) > Round(MinX, 6) Then
Vertice(i).X = Vertice(i - 1).X - HSpace
Vertice(i).Y = MinY
End If
Else 'odd number of vertices so add one to bottom
If Round(Vertice(i - 1).X, 6) > Round(MinX, 6) Then
Vertice(i).X = Vertice(i - 1).X - OddSpace
Vertice(1).Y = MinY
End If
End If
Elself Round(Vertice(i - 1).X, 6) = Round(MaxX, 6) Then 'Right side
If Round(Vertice(i - 1).Y, 6) > Round(MinY, 6) Then
Vertice(i).X = MaxX
Vertice(i).Y = Vertice(i - 1).Y - VSpace
Else 'Start along bottom
Vertice(i).X = Vertice(i - 1).X - HSpace
Vertice(i).Y = MinY
End If
Elself Round(Vertice(i - 1).Y, 6) = Round(MaxY, 6) Then "Top
If Round(Vertice(i - 1).X, 6) < Round(MaxX, 6) Then
Vertice(i).X = Vertice(i - 1).X + HSpace
Vertice(i).Y = MaxY
End If
End If
Next
Exit Sub
ErrHandler:
MsgBox "Error in VerticesFromCircle: " & Err.Number & vbNewLine &
Err.Description
Resume Next
End Sub



79

VB6 Project: prjCaveGrowth
Form: frmEnterVertices

3 priCaveGrowth - frmEnterVertices (Form) M
I [] []
3 Enter Vertices E
0 - Yi[o o add

Delete |11iliiiiiiiiiiiiiiiiiiiiiiiiiiiin oK |

Option Explicit

Private Sub cmdAdd_Click()

frmCaveGrowth.picDisplay.Cls

DispGrid.DrawGrid frmCaveGrowth.picDisplay, frmCaveGrowth.chkShowGrid,
frmCaveGrowth.chkShowLabels, SHDCDCDC

ReDim Preserve Vertice(0 To NumVertices)

Set Vertice(NumVertices) = New CaveVertex

Vertice(NumVertices).X = txtXCoord

Vertice(NumVertices).Y = txtYCoord

'IstVertices.AddItem "Vertice " & NumVertices & ": " & Vertice(NumVertices). X & ",
" & Vertice(NumVertices).Y

flx1.AddItem NumVertices + 1 & vbTab & Vertice(NumVertices).X & vbTab &
Vertice(NumVertices).Y

NumVertices = NumVertices + 1

frmCaveGrowth.Draw Vertices
End Sub

Private Sub cmdDelete_Click()
Dim SelRow As Long
Dim i As Long
Dim NewVertex As CaveVertex



SelRow = fIx1.RowSel
flx1.Row = SelRow
ReDim TempVertice(UBound(Vertice) - 1) 'increment the temparray appropriately
If SelRow > 1 Then
For i =0 To SelRow - 2 'vertice() is zero based and row number includes title
Set TempVertice(i) = Vertice(i)
Next i
For i = SelRow - 1 To UBound(TempVertice)
Set TempVertice(i) = Vertice(i + 1)
Next i
Else
For i = 0 To UBound(TempVertice)
Set TempVertice(i) = Vertice(i + 1)
Next i
End If
Vertice = TempVertice
NumVertices = UBound(Vertice) + 1
Erase TempVertice
PopulateFlexGrid
frmCaveGrowth.picDisplay.Cls
DispGrid.DrawGrid frmCaveGrowth.picDisplay, frmCaveGrowth.chkShowGrid,
frmCaveGrowth.chkShowLabels, SHDCDCDC
frmCaveGrowth.Draw Vertices
End Sub

Private Sub cmdOK_Click()

Dim | As Long

ReDim CaveWalls(0 To 1)

'store first cave wall

ReDim CaveWall(0 To NumVertices - 1, 1 To 2)

For 1 =0 To NumVertices - 1
CaveWall(, 1) = Vertice(1).X
CaveWall(, 2) = Vertice(1).Y

Next 1

CaveWalls(0) = CaveWall

CaveExists = True

Unload Me
End Sub

Private Sub Form_Load()
flx1.Row =0
flx1.Col =0
flx1.Text = "Vertex"
flx1.Col =1



flx1.Text = "X"

flx1.Col =2

fIx1.Text="Y"

fIx1.ColWidth(0) = 700

flx1.ColWidth(1) = 2500

fIx1.ColWidth(2) = 2500
End Sub

Private Sub PopulateFlexGrid()
Dim | As Long
flx1.Rows =1
For 1 =0 To UBound(Vertice)
flx1.AddItem 1+ 1 & vbTab & Vertice(1).X & vbTab & Vertice(1).Y,1+ 1
Next 1
End Sub
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VB6 Project: prjCaveGrowth
Module: basGlobals

Option Explicit

Public Vertice() As CaveVertex
Public TempVertice() As CaveVertex
Public NumVertices As Long

Public DispGrid As GridLines

Public CaveExists As Boolean
Public CaveWalls() As Variant 'array of CaveWall arrays
Public CaveWall() As Double 2 dimensional array of cave vertices (X,Y)
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VB6 Project: prjCaveGrowth
Class Module: CaveVertex

Option Explicit

Private m_X As Double

Private m_Y As Double

Private m_UnderWater As Boolean

Public Property Get X() As Double
X=m_X
End Property

Public Property Let X(ByVal NewX As Double)
m_X = NewX
End Property

Public Property Get Y() As Double
Y=mY
End Property

Public Property Let Y(ByVal NewY As Double)
m_Y =NewY
End Property

Public Property Get Underwater() As Boolean
Underwater = m_UnderWater
End Property

Public Property Let Underwater(ByVal NewUnderwater As Boolean)
m_UnderWater = NewUnderwater
End Property

Private Sub Class_Initialize()
End Sub
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VB6 Project: prjCaveGrowth
Class Module: GridLines

Option Explicit

Private m_Xmin As Double
Private m_Xmax As Double
Private m_Ymin As Double
Private m_Ymax As Double
Private m_XDiv As Double
Private m_YDiv As Double

Public Property Get XDiv() As Double
XDiv =m_XDiv
End Property

Public Property Let XDiv(ByVal Div As Double)
m_XDiv = Div
End Property

Public Property Get YDiv() As Double
YDiv=m_YDiv
End Property

Public Property Let YDiv(ByVal Div As Double)
m_YDiv = Div
End Property

Public Sub DrawGrid(PicBox As PictureBox, grid As Boolean, labels As Boolean,

LineColor As Long)
Dim Xmin As Double
Dim Xmax As Double
Dim Ymin As Double
Dim Ymax As Double
Dim startX As Double
Dim startY As Double
Dim CurrentX As Double
Dim CurrentY As Double
Dim OldWidth As Integer

If m_XDiv =0 Then
MsgBox "XDiv is zero", vbCritical, "Invalid Grid Increment Value"
Exit Sub

End If

OldWidth = PicBox.DrawWidth

PicBox.DrawWidth = 1

Xmin = PicBox.ScaleLeft
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Xmax = PicBox.ScaleLeft + PicBox.ScaleWidth
Ymin = PicBox.ScaleTop + PicBox.ScaleHeight
Ymax = PicBox.ScaleTop

'PicBox.ForeColor = vbBlack
startX = (Xmin \ m_XDiv) * m_XDiv '\ returns an integer
CurrentX = startX
Do While CurrentX < Xmax
If grid Then
PicBox.Line (CurrentX, Ymin)-(CurrentX, Ymax), LineColor
Else
PicBox.CurrentX = CurrentX
PicBox.CurrentY = Ymax
End If
If labels Then PicBox.Print CurrentX
CurrentX = CurrentX + XDiv
Loop
startY = (Ymin \ m_YDiv) * m_YDiv '\returns an integer
CurrentY = startY
Do While CurrentY < Ymax
If grid Then
PicBox.Line (Xmax, CurrentY)-(Xmin, CurrentY), LineColor
Else
PicBox.CurrentX = Xmin
PicBox.CurrentY = CurrentY
End If
If labels Then PicBox.Print CurrentY
CurrentY = CurrentY + YDiv
Loop

PicBox.DrawWidth = OldWidth
End Sub



APPENDIX I

S-PLUS Gamma Function Code
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SPLUS Script: CaveDataGamma.ssc

Function:

CaveDataGamma<-function(numrecs, alpha, beta){
dfl<-data.frame()
dfI$SFLOW<-rgamma(numrecs,alpha,beta)
df1SFLOW2<-df1I$SFLOW*(12255649896/sum(df1$FLOW))
df1

}

Commands Window Usage Example:
GAO001B1 <- CaveDataGamma(8760, 0.01, 1)
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APPENDIX IIII

Simulation Data Generation Code
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VB6 Project: prjSimData
Form: FrmSimData

-

& prjSimData - frmSimData (Form) =Jo/&d
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= Formt BEX
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] O
Option Explicit

Private oConn As ADODB.Connection

Private oRS As ADODB.Recordset
Private DataFile As String

Private Sub cmdGenerate_Click()
Dim FileName As String
Dim i As Long
Dim JDay As Double 'Julian Days

Dim Flow As Double 'Flow in Liters

Dim Disch As Double 'Discharge in Liters per Second
Dim Diss As Double 'Dissolution Rate in mm per year

Dim XArea As Double

Const FullPassage = 25 'Full Passage is about 24.75

cdgl.DialogTitle = "Save Output Textfile"

cdgl.FileName = Mid(DataFile, InStrRev(DataFile, "\") + 1, Len(DataFile) -

InStrRev(DataFile, "\") - 4) & ".txt"
cdgl.InitDir = App.Path
cdgl.Filter = "Text (*.txt)I*.txt"
cdgl.ShowSave
FileName = cdgl.FileName

Open FileName For Output As #1
i=0

If Not oRS Is Nothing Then 'make sure the recordset exists

Print #1, "Julian Day, Dissolution Rate (mm/yr), Wetted X-Secton (m2), Flow (L),

Discharge (L/s)"

89

Print #1, "0, 0, 0, 0" 'Line of zeros so that the first real time increment is not ignored in

the program
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oRS.MoveFirst 'move to start of recordset
Do While Not oRS.EOF 'read in data until end of file
i=i+1
JDay =1/ 24 'decimal days - presumes records are in hours
Flow = oRS.Fields(1).Value 'l
Disch = Flow / 3600 'assumption that # of records is in hours
Diss = 0.3412 * (1 - Exp(-0.0001168 * Disch))
XArea = IIf(Disch <= 3500, 0.009284 * Disch + 1.867, FullPassage)
Print #1,JDay & ", " & Diss & ", " & XArea & ", " & Flow & ", " & Disch
oRS.MoveNext
Loop
Close #1
End If
End Sub

Private Sub cmdSelect_Click()
On Error GoTo ErrHandler
Dim cat As New ADOX.Catalog

If Not oRS Is Nothing Then
oRS.Close
0Conn.Close
DataFile = ""
txtDataFile. Text = ""

End If

cdgl.DialogTitle = "Select Input Data"

cdgl.FileName = ""

cdgl.Filter = "*.xIsl*.xIs"

cdgl.ShowOpen

DataFile = cdgl.FileName

If DataFile = "" Then Exit Sub

Set oConn = New ADODB.Connection

Set oRS = New ADODB.Recordset

0Conn.Open "Provider=Microsoft.Jet. OLEDB.4.0;" & "Data Source=" & DataFile &
&

"Extended Properties=""Excel 8.0;HDR=YES;"""

Set cat.ActiveConnection = oConn

oRS.Open "[" & cat.Tables(0).Name & "]", oConn, adOpenStatic, adLLockOptimistic
txtDataFile. Text = DataFile
Set cat = Nothing
Exit Sub
ErrHandler:
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MsgBox "Error in cmdSelectData_Click: " & Err.Number & vbNewLine &
Err.Description

Resume Next
End Sub

Private Sub cmdXLS_Click()

Dim NewRS As ADODB.Recordset

Dim cat As New ADOX.Catalog

Dim NewTable As ADOX.Table

Dim NewCol As ADOX.Column

Dim i As Long

Dim JDay As Double 'Julian Days

Dim Flow As Double 'Flow in Liters

Dim Disch As Double 'Discharge in Liters per Second
Dim Diss As Double 'Dissolution Rate in mm per year
Dim XArea As Double

Const FullPassage = 25 'Full Passage is about 24.75

"Julian Day (Days), Dissolution Rate (mm/yr), Wetted X-Secton (m2), Flow (L),
Discharge (L/s)"

i=0

If DataFile = "" Then Exit Sub

cat.ActiveConnection = "Provider=Microsoft.Jet. OLEDB.4.0;" & "Data Source=" &
DataFile & ";Extended Properties=""Excel 8.0;HDR=YES;"""

Set NewTable = New ADOX.Table

NewTable.Name = "SimData"

Set NewCol = New ADOX.Column

NewCol.Name = "Julian Day (Days)"

NewCol.Type = adDouble

NewTable.Columns.Append NewCol

Set NewCol = Nothing

Set NewCol = New ADOX.Column

NewCol.Name = "Dissolution Rate (mm/yr)"

NewCol.Type = adDouble

NewTable.Columns.Append NewCol

Set NewCol = Nothing

Set NewCol = New ADOX.Column

NewCol.Name = "Wetted X-Secton (m2)"

NewCol.Type = adDouble

NewTable.Columns.Append NewCol

Set NewCol = Nothing

Set NewCol = New ADOX.Column

NewCol.Name = "Flow (L)"

NewCol.Type = adDouble

NewTable.Columns.Append NewCol



Set NewCol = Nothing
Set NewCol = New ADOX.Column
NewCol.Name = "Discharge (L/s)"
NewCol.Type = adDouble
NewTable.Columns.Append NewCol
Set NewCol = Nothing
cat.Tables.Append NewTable
Set NewRS = New ADODB.Recordset
NewRS.Open "[SimData]", oConn, adOpenStatic, adLockOptimistic
If Not oRS Is Nothing Then 'make sure the recordset exists
oRS.MoveFirst 'move to start of recordset
NewRS.AddNew 'Line of zeros so that the first real time increment is not ignored in
the program
NewRS .Fields(0).Value = 0
NewRS.Fields(1).Value =0
NewRS .Fields(2).Value =0
NewRS .Fields(3).Value = 0
NewRS .Fields(4).Value =0
NewRS.Update 'save record
Do While Not oRS.EOF 'read in data until end of file
i=i+1
JDay =1/ 24 'decimal days - presumes records are in hours
Flow = oRS.Fields(1).Value 'l
Disch = Flow / 3600 'assumption that # of records is in hours
Diss = 0.3412 * (1 - Exp(-0.0001168 * Disch))
XArea = [If(Disch <= 3500, 0.009284 * Disch + 1.867, FullPassage)
NewRS.AddNew
NewRS Fields(0).Value = JDay
NewRS .Fields(1).Value = Diss
NewRS .Fields(2).Value = XArea
NewRS .Fields(3).Value = Flow
NewRS .Fields(4).Value = Disch
NewRS.Update 'save record

oRS.MoveNext
Loop
MsgBox "Done"
Set oRS = Nothing
Set oConn = Nothing
Set cat = Nothing
Set NewRS = Nothing
End If
End Sub



