




















































































































































































































































































































































































































































































































































































































































































































































































































































































DrawVBarChart 
metlwdcode 
(section 1, continued) 

DrawVBarChart 
method code 
(section 2) 
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deltaX = deltaY = O; 
if(hDataRange.left == hDataRange.right) 
{ 

numBars = hDataRange.bottom - hDataRange.top + 1; 
deltaY = 1; 

else 
{ 

numBars = hDataRange.right - hDataRange.left + 1; 
deltaX = 1; 

The first section of code is responsible for acquiring the work­
sheet instance handle, getting the horizontal data range, and 
calculating whether the data are stored in a column or row 
orientation. The number of bars to be drawn is also deter­
mined here. 

II 
II calculate the frame settings, so that we can 
II generate a graph that fills the active window. 
II 
frameHeight = theFrame.bottom - theFrame.top; 
frameWidth = theFrame.right - theFrame.left; 
barSize = GetBarThickness (numBars, frameWidth - LHTMARGIN 

- RHTMARGIN); 
chartWd = numBars * (barSize + BARSPACING); 
leftMargin = LHTMARGIN; 
labelMaxWid = O; 
labelDX = labelDY = O; 

if(settings.hlabelCheck) 
{ 

hlabelRange = itsChartlnfo->GetHLabel(); 
if(hlabelRange.left == hlabelRange.right) 
{ 

labelDY = 1; 
} 
else 
{ 

labelDX = 1; 
} 
labelMaxWid = GetlabelMax (theWorksheet, hlabelRange); 

} 
ticklabelWd = GetlabelMax (theWorksheet, hDataRange); 

if(settings.scalingType == cAutomaticScaleViewlD) 
{ 
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DrawVBarChart 
method code 
(section 2, continued) 

DrawVBarChart 
method code 
(section 3) 

GetDataMinMax (theWorksheet, hDataRange, &minValue, 
&maxValue, &yDiff); 

else 
{ 

} 

vScalelnfo = itsChartlnfo->GetVScale(); 
minValue = vScalelnfo.min; 
maxValue = vScalelnfo.max; 
yDiff = (maxValue - minValue) I 5.0; II constant number of intervals 

valueDiff = maxValue - minValue; 
theFormat = GetFormat (yDiff); 

The second section of code is responsible for calculating the 
dimensions of the frame, the chart width, and the thickness 
of the bars (by calling the GetBarThick.ness method), as well 
as for determining whether labels have been specified and ac­
cessing the label range if so. In addition, if automatic scaling 
is selected, the GetDataMinMax method is used to determine 
appropriate minimum and maximum values, as well as yDiff, 
the value associated with each division on the vertical axis. If 
manual scaling is selected, the specified values are acquired 
from the settings by using the GetVScale access method, and 
then the yDiffvalue is computed, based on a constant five di­
visions on the y-axis. Finally, the total difference between the 
minimum and maximum values is calculated, and the format 
for displaying the y-axis annotations is determined by calling 
the GetFormat method. 

II 
II if everything looks okay, get ready to 
II draw the chart, complete with labels. 
II 
if(maxValue > minValue) 
{ 

Rect 
Point 
short 
double 
short 
Str255 

barRect; 
dataCell, labelCell; 
index, labelH, labelV; 
data Value; 
barlength, labelWidth, totalWidth; 
label; 

chartBorder.lett = lettMargin + ticklabelWd + VLABSPACE; 
chartBorder.right = chartBorder.lett + chartWd; 
chartBorder.top = TOPMARGIN; 
chartBorder.bottom = frameHeight - BOTMARGIN; 
chartHt = chartBorder.bottom - chartBorder.top; 
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method code 
(section 3, continued) 
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DrawChartFrame (chartBorder); 

II 
II draw title if specified 
II 
if(settings.title[O] > 0) 
{ 

totalWidth = chartBorder.right - LHTMARGIN; 
TextFont (O); II use system font 
TextSize (14); II use 14-point type 
TextFace (O); II use plain labels 
labelWidth = StringWidth (settings.title); 
labelCell.h = LHTMARGIN + (totalWidth - labelWidth) I 2; 
labelCell.v = TOPMARGIN I 2; 
MoveTo (labelCell.h, labelCell.v); 
Drawstring (settings.title); 

barRect.bottom = chartBorder.bottom + 1 ; 
barRect.left = chartBorder.left + BARSPACING; 
barRect.right = chartBorder.left + barSize; 
dataCell.h = hDataRange.left; 
dataCell.v = hDataRange.top; 

II 
II set label font 
II 
TextFont (O); 
TextSize (12); 
TextFace (O); 

II use system font 
II use 12-point type 
II use plain labels 

labelH = barRect.left + barSizel2 - 1 ; 
labelV = barRect.bottom + (BOTMARGIN I 2); 
labelCell.h = hlabelRange.left; 
labelCell.v = hlabelRange.top; 

The third section of code begins the actual drawing of the 
chart. After calculating the final dimensions of the chart, it 
calls the DrawChartFrame method to draw the horizontal 
and vertical axes of the chart. In addition, if a title was speci­
fied, it is drawn in the 14-point system font. After the title is 
drawn, the text font, size, and style are changed to prepare 
for drawing the labels in the final section of the code. The 12-
point version of the system font is used for this purpose. The 
final set of statements calculates the position of the first label 
if one is to be drawn. 
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DrawVBarChart 
method code 
(section 4, 
concluded) 

for(index=O; index< numBars; index++) 
{ 

} 

theWorksheet->GetValueValue (dataCell, &dataValue); 
barlength = ((dataValue - minValue) I valueDiff) * chartHt; 
barRect.top = barRect.bottom - barlength; 

II 
II draw the bar 
II 
FillRect (&barRect, ltGray); 
FrameRect (&barRect); 

II 
II draw the label 
II 
if(settings.hlabelCheck) 
{ 

theWorksheet->GetValueString (labelCell, label); 
MoveTo (labelH - (StringWidth(label)l2), labelV); 
DrawString(label); 

} 
II 
II update the settings for the next bar 
II 
barRect.left 
barRect. right 
dataCell.h 
dataCell.v 
labelH 
labelCell.h 
labelCell.v 

+= (barSize + BARSPACING); 
+= (barSize + BARSPACING); 
+= deltaX; 
+= deltaY; 
+= (barSize + BARSPACING); 
+= labelDX; 
+= labelDY; 

DrawVertTicks (chartBorder, minValue, maxValue, theFormat); 

The last section of code contains the main loop that draws 
each of the specified number of bars and their labels. The 
bars are drawn with the FillRect and FrameRect toolbox 
calls, and the labels, if selected, are drawn using the Draw­
string toolbox routine. After each bar and label are drawn, 
the location for the next bar and label is computed, in prepa­
ration for the next iteration of the loop. Finally, after all the 
bars and labels have been drawn, the DrawVertTicks method 
is called to annotate the vertical axis. A sample vertical bar 
chart, drawn with DrawVBarChart is shown in Figure 14-3. 



Figure 14-3 
Sample vertical bar 
chart 
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SauedData 

Second Quarter Sales Trend 
20000 

17400 

14800 

12200 

9600 

7000 

The data for the vertical bar chart shown in the figure were 
taken directly from the worksheet range C4 .. E4, and the la­
bels come from the range C3 .. E3. The scaling is automatic, 
and the data values depicted by the bars are 15700, 16125, 
and 18500, as shown in the worksheet depicted in Figure 
14-2. 

DrawXYChart Method Code 

The DrawXYChart method uses portions of the same logic as 
both the horizontal and vertical bar chart methods. However, 
with it, the data points are plotted at the intersection of the x­
axis and y-axis values. For the points, we have chosen to use 
the'•' character (Option-8), which is available in the system 
font. 

The DrawXYChart method is quite different from the previ­
ous methods with respect to drawing the chart labels. In this 
case, the label is not associated with an individual data point, 
but rather, serves as an axis title. If a range is given for the 
label, each cell is taken to be a word in the label and will be 
displayed with an automatically appended space character 
prior to displaying the subsequent word. The horizontal label 
is displayed on the x-axis, and the vertical label is displayed, 
vertically, on the y-axis. 
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DrawXYChart 
method.code 
(sectiDn 1) 

As with horizontal and vertical bar charts, the data values (in 
this case, both horizontal and vertical values are required in­
puts) may be either automatically or manually scaled. The 
code for this method is quite long and is shown in several 
sections, beginning as follows: 

void CUser4::DrawXYChart (Rect theFrame) 
{ 

CCalcWindow 
chartlnfo 
Rect 
Rect 
short 
short 
short 
short 
short 
Str255 
short 
minMax 
double 
double 
decform 

II 

*theWorksheet; 
settings; 
hDataRange, vDataRange, chartBorder; 
hlabelRange, vlabelRange; 
chartWidth, chartHeight; 
numHPoints, hDeltaX, hDeltaY; 
numVPoints, vDeltaX, vDeltaY; 
hlabPoints, hlabDx, hlabDy; 
vlabPoints, vlabDx, vlabDy; 
hlabel, vlabel, tlabel; 
vAxislabelWd, index, temp; 
hScalelnfo, vScalelnfo; 
hMin, hMax, hDiff, hValueRange; 
vMin, vMax, vDiff, vValueRange; 
hFormat, vFormat; 

II get the worksheet reference and the initial 
II horizontal and vertical data settings 
II 
theWorksheet = ((CGraphWindow *)itsSupervisor)->GetCalcWindow(); 
settings = itsChartlnfo->chartSettings; 
hDataRange = itsChartlnfo->GetHData(); 
hDeltaX = hDeltaY = O; 
if(hDataRange.left == hDataRange.right) 
{ 

} 

numHPoints = hDataRange.bottom - hDataRange.top + 1; 
hDeltaY = 1; 

else 
{ 

} 

numHPoints = hDataRange.right- hDataRange.left + 1; 
hDeltaX = 1; 

vDataRange = itsChartlnfo->GetVData(); 
vDeltaX = vDeltaY = O; 
if(vDataRange.left == vDataRange.right) 
{ 

numVPoints = vDataRange.bottom - vDataRange.top + 1 ; 



DrawXYChart 
method.code 
(section 1, continued) 

DrawXYChart 
method code 
(section 2) 
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vDeltaY = 1; 
} 
else 
{ 

} 

numVPoints = vDataRange.right - vDataRange.left + 1; 
vDeltaX = 1; 

vAxislabelWd = GetlabelMax (theWorksheet, vDataRange); 
chartBorder.top = theFrame.top + TOPMARGIN; 
chartBorder.bottom = theFrame.bottom - (BOTMARGIN 

+ BOTMARGIN I 2); 
chartBorder.left = theFrame.left + LHTMARGIN + vAxislabelWd 

+ VLABSPACE; 
chartBorder.right = theFrame.right - RHTMARGIN; 
chartWidth = chartBorder.right - chartBorder.left; 
chartHeight = chartBorder.bottom - chartBorder.top; 

The first section of the DrawXYChart method contains the 
method declaration and the declaration of the local variables. 
In addition, it has code to access the worksheet's instance 
handle, the settings from the Chart dialog, and the horizontal 
and vertical data range specifications. It also determines 
whether each of the horizontal and vertical data ranges is 
stored in a row or column orientation. The number of points 
in each range is computed as well. Finally, the dimensions of 
the chart are computed, based upon the height and width of 
the window frame. 

II 
II get any horizontal or vertical axis label information 
II 
hlabDx = vlabDx = hlabDy = vlabDy = O; 
if(settings.hlabelCheck) 
{ 

hlabelRange = itsChartlnfo->GetHLabel(); 
if(hlabelRange.left == hlabelRange.right) 
{ 

} 

hlabPoints = hlabelRange.bottom - hlabelRange.top + 1; 
hlabDy = 1; 

else 
{ 

hlabPoints = hlabelRange.right - hlabelRange.left + 1; 
hlabDx = 1; 

} 
if(settings.vlabelCheck) 
{ 
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DrawXYChart 
method.code 
(section 2, continued) 

II 

vLabelRange = itsChartlnfo->GetVLabel(); 
if(vLabelRange.left == vLabelRange.right) 
{ 

vLabPoints = vLabelRange.bottom - vlabelRange.top + 1; 
vLabDy = 1; 

else 
{ 

vLabPoints = vLabelRange.right - vLabelRange.left + 1; 
vLabDx = 1; 

II scale the horizontal and vertical data 
II 
if(settings.scalingType == cAutomaticScaleViewlD) 
{ 

GetDataMinMax (theWorksheet, hDataRange, &hMin, &hMax, 
&hDiff); 

GetDataMinMax (theWorksheet, vDataRange, &vMin, &vMax, 
&vDiff); 

} 
else 
{ 

} 

hScalelnfo = itsChartlnfo->GetHScale(); 
hMin = hScalelnfo.min; 
hMax = hScalelnfo.max; 
hDiff = (hMax - hMin) I 5.0; 

vScalelnfo = itsChartlnfo->GetVScale(); 
vMin = vScalelnfo.min; 
vMax = vScalelnfo.max; 
vDiff = (vMax - vMin) I 5.0; 

hValueRange = hMax - hMin; 
vValueRange = vMax-vMin; 

The second section of the DrawXYChart method determines 
whether horizontal or vertical labels were specified and, if so, 
accesses their cell ranges and orientations. 

If the chart is intended to be automatically scaled, the code 
calls the GetDataMinMax method to calculate the minimum 
and maximum values, and the value per division of both the 
x-axis and y-axis data ranges. 
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method code 
(section 3) 
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If manual scaling was selected, the code accesses the specified 
minimum and maximum values and then calculates the value 
per division for both axes. The difference between the mini­
mum and maximum values in each range is also calculated. 

It is important to emphasize that each of the settings has 
been validated before the Chart dialog is dismissed. In the 
case of the X-Y chart, the number of data values in the hori­
zontal and vertical ranges must be equal, and the label 
ranges must specify a pair of cell values, even though the cell 
numbers are equal (e.g., A3 . .A3) 

II 
II draw title if specified 
II 
if(settings.title[O] > 0) 
{ 

II 

short totalWidth, labelWidth; 
Point labelCell; 

totalWidth = chartBorder.right - LHTMARGIN; 
TextFont (O); II use system font 
TextSize (14); II use 14-point type 
TextFace (O); II use plain labels 
labelWidth = StringWidth (settings.title); 
labelCell.h = LHTMARGIN + (totalWidth - labelWidth) I 2; 
labelCell.v = TOPMARGIN I 2; 
MoveTo (labelCell.h, labelCell.v}; 
Drawstring (settings.title); 

II draw the border, horizontal and vertical labels 
II 
DrawChartFrame (chartBorder); 
if(settings.hlabelCheck) 
{ 

Point labelCell; 
short labelWidth, labelH, labelV; 

labelCell.h = hlabelRange.left; 
labelCell.v = hlabelRange.top; 
theWorksheet->GetValueString (labelCell, hlabel); 
for(index=1; index< hlabPoints; index++) 
{ 

labelCell.h += hlabDx; 
labelCell.v += hlabDy; 
ConcatPStrings (hlabel, "\p "); 
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DrawXYChart 
method code 
(section 3, continued) 

} 

} 

theWorksheet->GetValueString (labelCell, tLabel); 
ConcatPStrings (hLabel, tLabel); 

TextFont (O); II use system font 
TextSize (12); II use 12-point type 
TextFace (O); II use plain labels 
labelWidth = StringWidth (hLabel); 
labelH = chartBorder.left + (chartWidth/2) - (labelWidth/2); 
labelV = chartBorder.bottom + BOTMARGIN; 
MoveTo (labelH, labelV); 
Drawstring (hLabel); 

if( settings. vLabelCheck) 
{ 

Point labelCell; 
Fontinfo fi; 
short labelHeight, labelH, labelV; 
labelCell.h = vLabelRange.left; 
labelCell.v = vLabelRange.top; 
theWorksheet->GetValueString (labelCell, vLabel); 
for(index=1; index < vLabPoints; index++) 
{ 

} 

labelCell.h += vLabDx; 
labelCell.v += vLabDy; 
ConcatPStrings (vLabel, "\p "); 
theWorksheet->GetValueString (labelCell, tLabel); 
ConcatPStrings (vLabel, tLabel); 

TextFont (O); II use system font 
TextSize (12); II use 12-point type 
TextFace (O); II use plain labels 
GetFontlnfo(&fi); 
labelHeight = (fi.ascent+fi.descent) * vLabel[O]; 
labelH = theFrame.left + (LHTMARGIN/2); 
labelV = chartBorder.top + (chartHeight/2) - (labelHeight/2); 
for(index=1; index<= vLabel[O]; index++) 
{ 

MoveTo (labelH - (CharWidth (vLabel[index])/2), labelV); 
DrawChar (vLabel[index]); 
labelV += (ti.ascent+ ti.descent); 

The third section of the DrawXYChart method is responsible 
for drawing the chart border, the title (if specified), and the 
horizontal and vertical axis labels (if specified). The title is 
drawn in the 14-point system font, while the labels are drawn 
in the 12-point system font. The title is centered in the frame, 
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method code 
(section 4) 
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at the top of the graph. The horizontal axis label, if specified, 
is drawn inside the bottom margin of the frame, also centered 
within the frame. The vertical axis label is drawn inside the 
left margin of the frame, and not only is it vertically centered 
in the frame, but each character is centered with respect to 
the others. 

II 
II draw the axis ticks and scaling labels 
II 
hFormat = GetFormat (hDiff); 
vFormat = GetFormat (vDiff); 
DrawHorizTicks (chartBorder, hMin, hMax, hFormat); 
DrawVertTicks (chartBorder, vMin, vMax, vFormat); 

II 
II finally, plot the data points 
II 
if(numHPoints > 0) 
{ 

plot It; char 
Point 
double 
short 

charloc, hData, vData; 
hValue, vValue; 
charWd, deltaH, deltaV; 

TextFont (O); 
TextSize (12); 
TextFace (O); 
plotlt = '•'; 

II set system font 
II set 12-point size 
II set plain style 

charWd = CharWidth(plotlt)l2; 
hData.h = hDataRange.left; 
hData.v = hDataRange.top; 
vData.h = vDataRange.left; 
vData.v = vDataRange.top; 
for(index=O; index< numHPoints; index++) 
{ 

theWorksheet->GetValueValue (hData, &hValue); 
theWorksheet->GetValueValue (vData, &vValue); 
deltaH = ((hValue - hMin)lhValueRange) * chartWidth; 
deltaV = ((vValue - vMin)lvValueRange) * chartHeight; 
charloc.h = chartBorder.left + deltaH - charWd; 
charloc.v = chartBorder.bottom - deltaV - charWd; 
MoveTo (charloc.h, charloc.v); 
DrawChar (plotlt); 
hData.h += hDeltaX; 
hData.v += hDeltaY; 
vData.h += vDeltaX; 
vData.v += vDeltaY; 
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DrawXYChart 
method.code 
(section 4, 
concluded) 

Figure 14-4 
Sample X-Y chart 

The final section of the DrawXYChart method performs the 
function of drawing the axis annotations, followed by drawing 
the individual data points. The annotation values for the axes 
are determined by calling the GetFormat method for both 
the horizontal and vertical axis, using the value difference 
computed for each of the five divisions in each axis. 

The horizontal and vertical axes are annotated by calling the 
DrawHTicks and DrawVTicks methods, respectively. 

After annotation of the axes is complete, the loop to draw the 
individual data points is entered .. The '•'character is plotted, 
with its center located at the junction of the horizontal and 
vertical data positions to which it corresponds. After each 
point is plotted, the cell coordinates for both the horizontal 
and vertical data ranges are incremented to the location of 
the next point. After the last point has been plotted, the chart 
is complete. A sample X-Y chart is shown in Figure 14-4. 

s 
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• 17400 
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14800 

12200 
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2600 3080 3560 4040 4520 5000 

Profit 

BJ-

As with the other sample charts, the data values for the chart 
shown in Figure 14-4 are taken directly from the sample 
worksheet depicted in Figure 14-2. In this case, the pairs of 
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data values being plotted are (3345, 15700). (3506, 16125). 
and (4375, 18500). This is clearly an upward trend for our 
fictitious company. 

GetBarThickness Method Code 

The GetBarThickness method is called by both the horizon­
tal and vertical bar chart methods to determine the appropri­
ate width, or thickness, of the bars. The thickness is 
computed on the basis of the number of bars and the size of 
the horizontal or vertical space in which they must fit. The 
code is as follows: 

short CUser4::GetBarThickness (short numBars, short frameSize) 
{ 

short height; 
short barSize; 

barSize = (frameSize - numBars * BARSPACING) I numBars; 
if (barSize < MINBARSIZE) 
{ 

return MINBARSIZE; 
} 
if (barSize > MAXBARSIZE) 
{ 

return MAXBARSIZE; 
} 
return barSize; 

The code uses a few predefined constants that specify the 
minimum and maximum thickness of bars to be drawn. The 
values for these constants in the current implementation are 
set to 9 and 36 pixels, respectively. The desired thickness is 
first computed and then compared against the MINBARSIZE 

and MAXBARSIZE constants. It is clipped to either the mini­
mum or maximum value if it is not within the specified range. 
The BARSPACING constant ensures that bars are spaced from 
one another by a standard amount. The default value for this 
constant is 5 points (i.e., five pixels at 72 dots per inch). 

GetLabelMax Method Code 

The GetLabelMax method is responsible for finding the 
length of the longest label in the specified label range. The 
code for this method is as follows: 
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short CUser4::GetlabelMax (CCalcWindow *theWorksheet, 
Rect labelRange) 

short deltaX, deltaY, num, i, maxWidth, labelWidth; 
Point labelCell; 
Str255 label; 
deltaX = deltaY = O; 
maxWidth = -1 ; 
if(labelRange.top == labelRange.bottom) 
{ 

deltaX = 1; 
num = labelRange.right - labelRange.left + 1 ; 

} 
else 
{ 

deltaY = 1; 
num = labelRange.bottom - labelRange.top + 1; 

} 
TextFont (O); II use system font 
TextSize (12); II use 12-point type 
TextFace (O); II use plain style 
SetPt(&labelCell, labelRange.left, labelRange.top); 
for(i=O; i < num; i++) { 

} 

theWorksheet->GetValueString (labelCell, label); 
labelWidth = StringWidth(label); 
if(labelWidth > maxWidth) 

maxWidth = labelWidth; 
labelCell.h += deltaX; 
labelCell.v += deltaY; 

return maxWidth; 

The GetLabelMax method accomplishes its task by using the 
handle to the worksheet and the specified label range to ac­
cess each label and calculate its width, based upon its being 
drawn on the screen with 12-point plain type in the system 
font. The StringWidth toolbox method is used to calculate 
each label's width. GetLabelMax returns the largest width. 

GetDataMtnMax Method Code 

The GetDataMinMax method is called by all the charting 
methods when automatic scaling is selected. The purpose of 
this method is to select minimum and maximum values that 
best fit the data to be charted, as well as to calculate the 



Customizing the GraphWindow Code 431 

value corresponding to each division of the chart. The code 
for this method is as follows: 

void CUser4::GetDataMinMax (CCalcWindow *theWorksheet, 
Rect dataRange, double *minValue, 
double *maxValue, double *xDiff) 

short deltaX, deltaY, num, i; 
double min, max, value, diff; 
Cell dataCell; 

min = 9.9e999; 
max= -9.9e999; 
deltaX = deltaY = O; 
if(dataRange.top == dataRange.bottom) 
{ 

deltaX = 1; 
num = dataRange.right - dataRange.left + 1 ; 

else 
{ 

deltaY = 1; 
num = dataRange.bottom - dataRange.top + 1; 

} 
SetPt(&dataCell, dataRange.left, dataRange.top); 
for(i=O; i < num; i++) 
{ 

} 

theWorksheet->GetValueValue (dataCell, &value); 
if(value < min) 
{ 

min= value; 
} 
if(value > max) 
{ 

max= value; 
} 
dataCell.h += deltaX; 
dataCell.v += deltaY; 

min = RoundDown (min); 
max = RoundUp (max); 
diff = RoundUp ((max - min) I 5.0); 
*minValue = min - diff; 
*maxValue = max; 
*xDiff = diff; 
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The GetDataMinMax method computes the approprtate min­
imum and maximum values by accessing each worksheet cell 
in the specified data range, calculating the actual minimum 
and maximum values, calling the RoundDown function to 
calculate a new minimum value, and then calling the 
Roundup function to calculate a new maximum value. These 
functions use a table of logarithms to aid in rounding the val­
ues to the nearest lesser or greater value, as will be descrtbed 
later. After the new minimum and maximum values are com­
puted, the difference between these is divided by five and 
then rounded up, using the same RoundUp function. A new 
minimum value is then computed to be the previous 
(rounded-down) minimum value less the value of the differ­
ence per division. Thus, the displayed minimum value will al­
ways be less than the actual minimum value, which 
guarantees that a bar or point for that value will always ap­
pear within the chart and not be drawn on the corresponding 
axis. In particular, in a horizontal or vertical bar chart, the 
bar will have a nonzero length. The newly computed mini­
mum and maximum values, and the difference per division 
are stored into the variables to which their pointer arguments 
refer. 

DrawChartFrame Method Code 

The DrawChartFrame method is responsible for drawing the 
frame for all three types of charts. The frame consists of lines 
that represent the horizontal and vertical axes of the corre­
sponding chart. The code for this method is as follows: 

void CUser4::DrawChartFrame (Rect chartBorder) 
{ 

Move To ( chartBorder. left, chartBorder. top); 
LineTo (chartBorder.left, chartBorder.bottom); 
LineTo (chartBorder.right, chartBorder.bottom); 

The method takes a Rect as an argument and draws the axes 
using standard Quickdraw commands. 

DrawHorizTicks Method Code 

The DrawHorizTicks method is responsible for drawing the 
tick marks and numertcal annotations for the horizontal axis 
of a chart. The code is as follows: 
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void CUser4::DrawHorizTicks (Rect chartBorder, double min, 
double max, decform format) 

short 
short 
extended 
double 
Str32 

tickH, tickV, tickHt; 
index, width; 
start; 
range, chartWidth, delta, value; 
label; 

chartWidth = chartBorder.right - chartBorder.left; 

II 
II draw the tick marks and axis labels 
II based on a constant 5 ticks I chart 
II 
range= max - min; 
delta = range I 5.0; 
value= min; 
tickH = chartBorder.left; 
tickV = chartBorder.bottom; 
tickHt = 3; 
for(index=O; tickH <= chartBorder.right; index++) 
{ 

Move To (tickH, tickV - tickHt); 
Line To (tickH, tickV + tickHt); 
x96tox80 (&value, &start); 
num2str (&format, start, label); 
width= StringWidth (label); 
MoveTo (tickH - (width» 1), tickV + 15); 
DrawString(label); 
value += delta; 
tickH = chartBorder.left + (((value - min) I range)* chartWidth); 

The DrawHorizTicks method takes the chart border and the 
minimum and maximum values, and the specified data for­
mat and draws each tick mark and label on the horizontal 
axis, according to the value associated with each horizontal 
division of the chart. 

DrawVertTicks Method Code 

The DrawVertTicks method is similar to the previous 
method, but draws tick marks and annotations on the verti­
cal, rather than the horizontal, axis. The code is as follows: 
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void CUser4::DrawVertTicks (Rect chartBorder, double min, 
double max, decform format) 

short 
extended 
double 
Str32 

tickH, tickV, tickWd, index, width; 
start; 
range, chartHeight, delta, value; 
label; 

chartHeight = chartBorder.bottom - chartBorder.top; 

II 
II draw the tick marks and axis labels 
II based on a constant 5 ticks I chart 
II 
range = max - min; 
delta = range I 5.0; 
value= min; 
tickH = chartBorder.left; 
tickV = chartBorder.bottom; 
tickWd = 3; 
for(index=O; tickV >= chartBorder.top; index++) 
{ 

MoveTo (tickH - tickWd, tickV); 
Line To (tickH + tickWd, tickV); 
x96tox80 (&value, &start); 
num2str (&format, start, label); 
width= StringWidth (label); 
MoveTo (tickH - width - VLABSPACE, tickV); 
DrawString(label); 
value += delta; 
tickV = chartBorder.bottom - (((value - min) I range)* chartHeight); 

The DrawVertTicks method uses the chart border Rect and 
the minimum and maximum values, and the annotation for­
mat as input. It calculates the delta value by computing the 
difference between the minimum and the maximum values 
and then divides this by five (divisions). The tick marks are 
drawn at the delta interval, accompanied by the correspond­
ing axis values formatted according to the specified format. 

GetFormat Method Code 

The GetFormat method is responsible for determining how 
many decimal digits will be displayed for the axis annotation 
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values when these are drawn in the DrawHorizTicks and 
DrawVertTicks methods. 

The intention is to show only as many decimals as are neces­
sary to guarantee that the axis annotations are each unique 
within the minimum and maximum data ranges. For exam­
ple, if the data range is between 0.00 and 0.08, then it would 
be important to display at least two decimal digits in the an­
notations. By contrast, if the data range is 3,000 to 6,000, 
then it is not necessary to show any decimal digits, as the 
distinction between values would be difficult to discriminate 
visually to that degree of resolution. Therefore, the code for 
this method adopts a simple precept. It calculates the base-
10 logarithm of the valueDiff argument and saves its integral 
portion into the local digits variable for comparison. If digits 
is 0, then one decimal digit is included in the format re­
turned. If the digits value is greater than 0, then the format 
will be set to zero decimal digits. If the digits value is nega­
tive, then the negative of that value (a positive number) 
plus 1 is used for the number of decimal digits. 

decform CUser4::GetFormat (double valueDiff) 
{ 

decform aFormat; 
short digits; 
digits = (short)log1 Ox (valueDiff); 
if(digits >= O) 
{ 

} 

if (digits > O) 
{ 

digits= O; 
} 
else 
{ 

digits= 1; 

else 
{ 

digits = -digits + 1 ; 
} 
aFormat.style = FIXEDDECIMAL; 
aFormat.digits = digits; 
return aFormat; 
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The preceding code creates a display format that shows a sin­
gle decimal digit for a value range of 1 to 9, no decimal digits 
for values larger than that, and one additional decimal digit 
for fractional value ranges less than 1. 

Global Functions Used by the CUser4 Class Methods 

The CUser4 class methods just presented refer to several 
routines that are coded as global functions. These routines 
are used only by the CUser4 methods, but are defined to be 
global by the nature of the functions that they perform. 

loglOx Function Code 

The loglOx function computes the base-10 logarithm of the 
input value and returns this result as a double-precision 
floating-point value. The function uses the SANE library func­
tion for the natural logarithm and the formula 

log (x) = ln (x) log (e) 

to calculate the base-10 logarithm. The base-10 logarithm 
of e is precomputed as a constant value. The code for the 
loglOx function is as follows: 

#define LOG1 OE 0.4342944819032518278L 

double log1 Ox (double x) 

{ 
double dLog1 Ox; 

extended eLogx, eLog10e; 

x96tox80 (&x, &eLogx); 

eLogx =log (eLogx); 
x80tox96 (&eLogx, &dLog1 Ox); 

return (dLog1 Ox * LOG1 OE); 

In order to use the SANE library functions, the incoming dou­
ble-precision floating-point value must be converted to a 10-
byte extended format value using the x96tox80 SANE func­
tion. The natural logarithm of this value is taken, and then it 
is converted back to a 12-byte double-precision value. The re­
sult returned is the product of the natural logarithm of the 
input and the common logarithm of the value e. 
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explOx Function Code 

The explOx function computes the value of 10 raised to the 
value of the input parameter. It uses the SANE library function 
exp and the formula 

Hf = eln (IO)x 

to compute the result. The code for this function is as follows: 

#define LOGe 1 O 2.3025850929940456840L 

double exp1 Ox (double x) 

{ 
extended temp; 
double result; 

result= x * LOGe1 O; 
x96tox80 (&result, &temp); 

temp= exp (temp); 

x80tox96 (&temp, &result); 

return result; 

The code first calculates the product of the input value and 
the natural logarithm of 10. It then converts this product to a 
10-byte SANE extended value and uses the exp function to 
calculate the exponential. The result of that calculation is 
converted back to a 12-byte double-precision value and is re­
turned to the calling routine. 

Lookup Tables for Global Functions 

The remaining global functions (Roundup, RoundDown, 
lookUp, and lookDown) refer to a set of tables of logarithms 
to accomplish their tasks. Two sets of tables have been pre­
defined for this purpose. The first set contains the common 
logarithms for values between 1 and 10, the other set for val­
ues between 0.1 and 1.0. 

These tables apply equally well to even larger and smaller 
positive quantities. Negative values are handled by the logic 
of the functions that use the tables. The contents of the two 
sets of tables are as follows: 
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Tables of integral 
and fractional 
logartthms 

RoundDown 
junction code 
(beginning) 

II 
II tables of logarithms for computing 
II ranges of the data being charted. 
II 

double posLogsD = 
{ 

O.OOOOOOOOOOOOOOOOOOOL, II 
0.3010299956639811952L, II 
0.477121254719662437 4L, II 
0.6020599913279623904L, II 
0.6989700043360188048L, II 
0. 7781512503836436326L, II 
0.8450980400142568306L, II 
0.9030899869919435856L, II 

1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 

0.95424250943932487 47L, II 9.0 
1.0000000000000000000 II 10.0 

}; 
double negLogsD = 
{ 

-1.0000000000000000000L, II 0.1 
-0.6989700043360188046L, II 0.2 
-0.5228787 452803375624L, II 0.3 
-0.3979400086720376094L, II 0.4 
-0.3010299956639811952L, II 0.5 
-0.2218487 496163563672L, II 0.6 
-0.1549019599857 431684L, II 0.7 
-0.0969100130080564141 L, II 0.8 
-0.045757 4905606751252L, II 0.9 
O.OOOOOOOOOOOOOOOOOOOL II 1.0 

}; 

Round.Down Function Code 

The RoundDown function is called by the GetDataMln.Max 
method to round a minimum value down to the nearest value 
appropriate to its magnitude. The code for this method is as 
follows: 

double RoundDown (double x) 
{ 

double logX, fracX, intX; 
if(x < 0.0) 

return (-RoundUp (-x)); 
logX = log10x (x); 
intX = ((short) logX); 



RoundDown 
jimcti.on code 
(concluded) 

fracX = logX - intX; 
if(fracX < 0) 
{ 
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fracX = lookDown (fracX, negLogs); 
if (fracX == -1.0) 
{ 

else 
{ 

fracX = 0.0; 
intX -= 1.0; 

fracX = lookDown (fracX, posLogs); 

logX = intX + fracX; 
return (exp1 Ox (logX)); 

The RoundDown function first determines whether the value 
to be rounded is positive or negative. If it is negative, we want 
it to be more negative, so we call the Roundup function with 
the input value negated and then return the negation of that 
result. If the input value is positive, we calculate its common 
logarithm and then compute its integer and fractional parts. 
If the fractional part is negative, then the input value was less 
than 1.0. In this case, we call the lookDown function to find 
the first logarithm in the negLogs table that has a lower 
value. If the one that was found has a value of -1.0, then we 
set the fractional component of the result to 0.0 and reduce 
the integral part of the logarithm by 1. 

If the fractional part is positive, then we call the lookDown 
function to find the next lower valued logarithm in the 
posLogs table and use that as the new fractional part of the 
result. The final action combines the new integer and frac­
tional parts and returns the exponential function's value as 
the final result. 

Roundup Function Code 

The Roundup function is called by the GetDataMinMax 
method to find the next higher value for the corresponding in­
put value, according to its magnitude. The code for this func­
tion is as follows: 
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double Roundup (double x) 
{ 

double logX, fracX, intX; 

if(x < 0.0) 
{ 

return (-RoundDown (-x)); 
} 
logX = log10x (x); 
intX = ((short) logX); 
fracX = logX - intX; 
if(fracX < O) 
{ 

} 

fracX = lookUp (fracX, neglogs); 
if (fracX == 0.0) 
{ 

intX += 1.0; 

else 
{ 

} 

fracX = lookUp (fracX, poslogs); 
if (fracX == 1.0) 
{ 

fracX = 0.0; 
intX += 1.0; 

logX = intX + fracX; 
return (exp10x (logX)); 

The RoundUp function is essentially the mirror image of the 
RoundDown function. If the input value is negative, we call 
the RoundDown function with the negation of the input 
value and then return the negation of the result. If the input 
value is positive, then we compute its common logarithm and 
separate it into its integral and fractional parts. 

If the fractional part is negative, we call the lookUp function, 
using the negLogs table, to find the first logarithm whose 
value is larger than the input fraction. 

If the return fraction is 0.0, then we increment the integral 
portion of the resulting logarithm. If the fractional part is pos­
itive, we call the lookUp function, using the posLogs table, to 



lookDown 
.fttnction code 
(beginning) 
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find the first logarithm whose value is larger than the input 
fraction. 

If the result that is returned has the value 1.0, then we set its 
fractional part to 0.0 and increment its integral part by 1. 
The final step is to combine the new integral and fractional 
components and take the value returned by the exponential 
function as our final result. 

lookup Function Code 

The lookUp function searches the specified table of loga­
rithms from beginning to end, looking for the first value that 
is larger than the input value. The value found is returned. 
The code for the lookUp function is as follows: 

double lookUp (double log, double *table) 
{ 

short index; 

for (index=O; index< 10; index++) 
{ 

} 

if(log <= table[index]) 
{ 

return table[index]; 

return table[9]; 

lookDown Function Code 

The lookDown function searches the specified table of loga­
rithms from end to beginning, looking for the first entry that 
has a smaller value than the input parameter. The code for 
this function is as follows: 

double lookDown (double log, double *table) 
{ 

short index; 
for (index=9; index>= O; index--) 
{ 

if(log >= table[index]) 
{ 

return table[index]; 
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lookDown 
function code 
(concluded) return table[O]; 

This concludes the description of the additions and changes 
we have made to the GraphWindow module. The next section 
describes the new Chartlnfo support class. 

Adding New Chartlnfo Code 

In order to keep an object that contains the current settings 
for the Chart dialog and also support access to its informa­
tion, we have created new source files called Chartlnfo.c and 
Chartlnfo.h. These new source files define a class called 
CChartlnfo, that inherits its behavior from the TCL class 
CObject. The class declaration taken from the Chartlnfo.h 
header file is as follows: 

class CChartlnfo : public CObject 
{ 
public: 

chartlnto chartSettings; 
void IChartlnfo(void); 
chartlnfo GetChartlnfo(void); 
void SetChartlnfo (chartlnfo theData); 
min Max GetHScale(void); 
min Max GetVScale(void); 
Rect GetHData(void); 
Rect GetVData(void); 
Rect GetHLabel(void); 
Rect GetVLabel(void); 
Rect Range2Rect(StringPtr range); 
unsigned char GC (StringPtr s, short *index, short len); 

}; 

In the class declaration, there is a single instance variable 
called chartSettings that is of type chartlnfo. This is a 
structure that is also defined in the chartlnfo.h file, whose 
contents are shown on page 387. A new data type called min­
Max has also been specified: 



typedef struct 
{ 

double min; 
double max; 

minMax; 

Defining the New CChartlnfo Methods 
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The CChartlnfo class implements the access methods shown 
in the preceding class declaration. These methods are used 
by both the Chart dialog and the various charting methods in 
the GraphWindow module. 

IChartlnfo Method Code 

The IChartlnfo method is responsible for initializing a new 
instance of the CChartlnfo class. The initialization consists 
of storing default values into each of the fields of the chart­
Settings instance variable. The code is as follows: 

void CChartlnfo::IChartlnfo(void) 
{ 

chartSettings.modified = O; 
chartSettings.chartType = 177; 
chartSettings.scalingType = 180; 
chartSettings.hMinScale[O] = O; 
chartSettings.hMaxScale[O] = O; 
chartSettings.vMinScale[O] = O; 
chartSettings.vMaxScale[O] = O; 
chartSettings.title[O] = O; 
chartSettings.hDataRange[O] = O; 
chartSettings.vDataRange[O] = O; 
chartSettings.hLabelCheck = O; 
chartSettings.hLabelRange[O] = O; 
chartSettings.vLabelCheck = O; 
chartSettings.vLabelRange[O] = O; 

II unmodified to start with 
II cHorizontalBarViewlD 
II cAutomaticScaleViewlD 
II no contents 
II no contents 
II no contents 
II no contents 
II no contents 
II no contents 
II no contents 
II not checked 
II no contents 
II not checked 
II no contents 

In the foregoing code, the modified field is initialized to 0, in­
dicating that the settings have not yet been specified by the 
user. The chartSettings structure is set up initially with hor­
izontal bar chart and automatic scaling selections; all of the 
other fields are set to 0. 
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GetChartlnfo Method Code 

The GetChartlnfo method returns the current contents of 
the chartSettings structure. The code is as follows: 

chartlnfo CChartlnfo::GetChartlnfo(void) 
{ 

return chartSettings; 

SetChartlnfo Method Code 

The SetChartlnfo method stores the specified settings into 
the chartSettings instance variable. The code is as follows: 

void CChartlnfo::SetChartlnfo (chartlnfo thelnfo) 
{ 

chartSettings = thelnfo; 

GetHScale Method Code 

The GetHScale method converts the hMinScale and hMax­
Scale strings in the chartSettings variable into double-preci­
sion floating-point values in a type-minMax structure. The 
code is as follows: 

minMax CChartlnfo::GetHScale(void) 
{ 

extended minVal, maxVal; 
minMax theScale; 
minVal = str2num (chartSettings.hMinScale); 
maxVal = str2num (chartSettings.hMaxScale); 
x80tox96 (&minVal, &theScale.min); 
x80tox96 (&maxVal, &theScale.max); 
return theScale; 

The GetHScale method uses the SANE libraiy str2num func­
tion to convert the strings to extended floating-point values. 
Then these are converted to double-precision values and 
stored into the structure, using the x80tox96 SANE function. 
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GetVScale Method Code 

The GetVScale method converts the vMinScale and vMax­
Scale strings in the chartSettings variable into double-preci­
sion floating-point values in a type-minMax structure. The 
code is as follows: 

minMax CChartlnfo::GetVScale(void) 
{ 

extended minVal, maxVal; 
minMax theScale; 

minVal = str2num (chartSettings.vMinScale); 
maxVal = str2num (chartSettings.vMaxScale); 
x80tox96 (&minVal, &theScale.min); 
x80tox96 (&maxVal, &theScale.max); 
return theScale; 

GetHData Method Code 

The GetHData method converts the string representation of 
the horizontal data range stored in the hDataRange field of 
the chartSettings structure into a Rect structure, where the 
left and top members specify the starting column and row 
and the right and bottom members specify the ending column 
and row. The code is as follows: 

Rect CChartlnfo::GetHData(void) 
{ 

return Range2Rect (chartSettings.hDataRange); 

This method uses a utility Range2Rect method that will be 
described shortly. 

GetVData Method Code 

The GetVData method converts the string representation of 
the vertical data range stored in the vDataRange field of the 
chartSettings structure into a Rect structure, where the left 
and top members specify the starting column and row and 
the right and bottom members specify the ending column and 
row. The code is as follows: 
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Rect CChartlnfo::GetVData(void) 

{ 

return Range2Rect (chartSettings.vDataRange); 

The GetVData method also uses the Range2Rect method to 
convert the string into a Rect structure. 

GetHLabel Method Code 

The GetHLabel method converts the string representation of 
the horizontal label range stored in the hLabelRange field of 
the chartSettings structure into a Rect structure, where the 
left and top members specify the starting column and row 
and the right and bottom members specify the ending column 
and row. The code is as follows: 

Rect CChartlnfo::GetHLabel(void) 

{ 

return Range2Rect (chartSettings.hlabelRange); 

GetVLabel Method Code 

The GetVLabel method converts the string representation of 
the vertical label range stored in the vLabelRange field of the 
chartSettings structure into a Rect structure, where the left 
and top members specify the starting column and row and 
the right and bottom members specify the ending column and 
row. The code is as follows: 

Rect CChartlnfo::GetVLabel(void) 

{ 

return Range2Rect (chartSettings.vlabelRange); 

Both the GetHLabel and GetVLabel method use the Range2-
Rect method to convert their respective strings to the Rect 
structure form. 



Range2Rect 
method code 
(beginning) 
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Range2Rect Method Code 

The Range2Rect method is a utility called by the various 
data and label range access methods to convert the cell 
ranges specified in the Chart dialog to numeric column and 
row values. The beginning and ending column and row values 
are returned in the form of a Rect structure: 

Rect CChartlnfo::Range2Rect(StringPtr range) 
{ 

short len, i, col, row, OK= O; 
Point from, to; 
Rect aRect; 
StringPtr s; 
unsigned char ch; 

len = range[O]; 
for(i=O, S=&range[1]; (ch=GC(s, &i, len)) =='' && i < len;) 
{ 

} 

II skip over blanks 
continue; 

if( ch>= 'A' && ch<= 'Z' II ch>= 'a' && ch<= 'z') 
{ 

col = (ch & -Ox20) - 'A'; 
if((ch=GC(s, &i, len)) >= 'O' && ch<= '9') 
{ 

} 

row= ch - 'O'; 
OK= 1; 
if((ch=GC(s, &i, len)) >= 'O' && ch<= '9') 
{ 

} 

row*=10; 
row+= (ch - 'O'); 

else if (ch == '.' && GC(s, &i, len) == '.') 
{ 

} 

from.h =col; 
from.v = row-1; 
0K=2; 

else 
{ 

OK=O; 

else 
{ 
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Range2Rect 
method.code 
(continued) 

OK=O; 

} 
else 
{ 

OK=O; 
} 
switch (OK) 
{ 

} 

case 0: 
{ 

SetRect ( &aRect, -1 , -1 , -1 , -1 ) ; 
return aRect; 
break; 

case 1: 
{ 

from.h = col; 
from.v = row-1; 
if ((ch=GC(s, &i, len)) == '.' && GC(s, &i, len) == '.') 
{ 

0K=2; 
} 
else 
{ 

OK=O; 
} 
break; 

if (OK!= 2) 
{ 

SetRect (&aRect, -1, -1, -1, -1); 
return aRect; 

} 
OK=O; 
if((ch=GC(s, &i, len)) >='A' && ch<= 'Z' II ch>= 'a' && ch<= 'z') 
{ 

col = (ch & -Ox20) - 'A'; 
if((ch=GC(s, &i, len)) >= 'O' && ch <= '9') 
{ 

row = ch - 'O'; 
OK= 1; 
if((ch=GC(s, &i, len)) >= 'O' && ch<= '9') 
{ 

} 

row*= 10; 
row+= (ch - 'O'); 

else if (ch == '\O') 



Range2Rect 
method code 
(concluded) 

OK= 1; 

else 
{ 

else 
{ 

OK=O; 

OK=O; 

else 
{ 

OK=O; 
} 
if(OK == 1) 
{ 
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SetRect(&aRect, from.h, from.v, col, row-1); 
return aRect; 

else 

SetRect(&aRect, -1, -1, -1, -1); 
return aRect; 

The Range2Rect method parses the string that contains a 
data range and creates a Rect structure in which the left and 
top members contain the beginning column and row of the 
range and the right and bottom members contain the ending 
column and row of the range. Ranges are specified as a pair 
of worksheet cells, where columns are labeled from A to Z 
and rows are numbered from 1 to 50. A range consists of a 
cell number, followed by two periods and a second cell num­
ber (e.g., A3 .. A9 or Bl3 .. Wl3). A range can only be a single 
column or row-never a rectangular group of columns or 
rows. 

The method begins with a local variable called OK set to 0, 
indicating that the result is initially invalid. Only if the speci­
fied range meets the requirements of a proper range is the 
OK value set to 1. After the string is parsed, the OK value is 
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Exercises 

tested, and if it is 1, the proper Rect structure is returned; 
otherwise, a Rect of {-1, -1, -1, -11 is returned. 

GC Method Code 

The Range2Rect method uses the GC method to fetch the 
next character from the range string. The code for this 
method is as follows: 

unsigned char CChartlnfo::GC(StringPtr s, short *index, short len) 

{ 

unsigned char ch; 

if (*index < len) 

{ 
ch= s[(*index)++]; 

else 

ch= '\O'; 

return ch; 

If the end of the string is reached, the GC method returns a 
binary 0 character. Otherwise, the next character in the 
string is returned, and the string index is incremented in 
preparation for the subsequent call. 

1. Explain the necessity of initializing the Chart dialog with 
its previous settings. Describe how the DoChart function 
performs this task. 

2. Explain the operation of the DoComm.and method in the 
CChart class. In what way does the method respond to 
the user's selections in the dialog? In what way does the 
appearance of the dialog change when each of the differ­
ent chart types is chosen, in turn? What happens if auto­
matic versus manual scaling is selected? 
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3. What is the purpose of the Validate method in the CChart 
class? What principle feature of object-oriented program­
ming does the definition of this method illustrate? 

4. Describe the operation of the DrawHBarChart method. 
What challenges does it face, and how are these handled 
with respect to the choice of automatic or manual scal­
ing? How could the automatic scaling be improved? 

5. The charting methods use the current size of the Graph­
Window to determine the optimal drawing area. In what 
cases is this preference modified? 

6. How could the charting methods be improved to use a 
varying number of divisions on the "value" axis? In what 
way would this improve the usefulness of the charts? 
Implement your suggestions. 1 

7. Could the X-Y chart be modified to provide a useful line­
chart capabili1y? What would be required to implement 
this feature for arbitrary cell values in a range? (Hint 
Most line charts are drawn with increasing values when 
viewed from left to right or bottom to top.) 

8. If the charting functions of the Ensemble application are 
modified to support pie charts, what are the major prob­
lems that you would face in annotating the charts? What 
modifications would be necessary to integrate the new 
features into the code described in this chapter? Imple­
ment these modifications. 2 

1. Modifying the number of divisions in a chart is a task of medium complexity. It will require 
some additional work, but should not be a major task. It could be assigned as an extra-credit 
project. 

2. Implementation of pie charts is a very extensive task. It will require good knowledge of the 
built-in Quickdraw facilities for drawing wedges and will require the implementation of com­
plex techniques for labeling the wedges. It could be assigned as an extensive extra-credit 
project. 
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9. The exercises in Chapters 8 and 11 indicate that you 
should consider the implementation of multiple contigu­
ous or noncontiguous cell selections in the worksheet. 
How would implementation of this feature relate to the 
charting function? What modifications to the design and 
implementation of the charting function would facilitate 
interfacing with the worksheet module?1 (Hint Charting a 
range of preselected cells is a somewhat standard practice 
in major spreadsheet applications.) 

1. Implementation of a more direct interface between the worksheet and the charting functions is 
a complex task. It should only be undertaken as an extensive extra-credit project. 
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Printing Ensemble's Windows 

This chapter describes the new custom code that we have 
added to allow the user to print the contents of the Notebook, 
Worksheet, or Chart windows. 

The THINK Class Library implements a method to print the 
contents of the pane whose handle is stored in the itsMain­
Pane instance variable in the CEnsembleDoc class. There is 
no direct provision for printing other, subsidiary, window 
panes. 

In the TCL, the CPrinter instance manages the communica­
tion between a document and the Macintosh print manager. 
Each document can have its own printer object, but there 
can only be one printer object per document. Because the 
Ensemble application is a single-document multiple-window 
model, we need to provide some additional code to permit 
printing the additional window panes. 

The remainder of the chapter discusses the custom code that 
has been added to allow the user to print the contents of the 
frontmost window of the Ensemble application. By activating 
each window, in turn, the contents of the Notebook, Work­
sheet, and Chart windows can be printed. 

Printing the MainWindow's Pane 

The CMainWindow instance defines a window that contains 
a single CEditText pane. This window is directly owned by 
the CEnsembleDoc class, which is a direct descendant of the 
CDocument class in the TCL. Thus, it is very easy to print 
the contents of the window's main pane (called itsMainPane). 
At the time the user has activated the MainWindow, the En-

453 



454 Chapter 15>-Printing Ensemble's Windows 

Figure 15-1 
Print structure of 
MainWindow in 
Ensemble 
application 
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semble application has the dynamic structure shown in Fig­
ure 15-1. 
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Notice that the other two windows aren't shown. For all prac­
tical purposes, they are not included in the chain of com­
mand when the MainWindow is active. All menu commands 
are directed to the current gGopher, which points to the in­
stance of CMainWindow. Therefore, the DoCommand 
method in that class will be the first to receive any commands 
from the user, including the Print and Page Setup com­
mands in the File menu. The code in Ensemble's MainWin­
dow module doesn't currently handle these commands, so 
they are passed on in the chain of command to be handled by 
the CDocument class in the TCL. 

Before the CDocument class will handle either the Print or 
Page Setup commands, an instance of CPrinter must have 
been created and stored into the document's itsPrinter in­
stance variable. This is accomplished as a side effect of the 
creation of the CEnsembleDoc class, in the ZEnsembleApp 
CreateDocument method. By passing the value TRUE as the 
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second parameter to the IEnsembleDoc method (see 
page 32), the document's printable instance variable will be 
set to TRUE, and during the execution of the inherited !Docu­
ment method, an instance of CPrinter will be created and 
stored in the document's itsPrinter instance variable. 

The one remaining task to enable the text contained in the 
MainWindow to be printed out is to set the document's its­
MainPane instance variable. Previously, AppMaker's default­
generated code set the CMainWindow instance's itsMain­
Pane to NULL in the IZMainWindow method (see page 71). 
The document's itsMainPane instance variable is set directly 
from the value contained in the corresponding variable in the 
MainWindow class, as shown in the listing of the BuildWin­
dows method on page 365. To rectify the situation of the its­
MainPane being NULL in the CMainWindow class, we have 
added one line of code in the IMainWindow method: 

void CMainWindow::IMainWindow(CDirector *aSupervisor, 
CEnsembleData *theData) 

itsData = theData; 
inherited::IZMainWindow (aSupervisor); 
itsMainPane = Field3; 

The code for the revised IMainWindow method puts the han­
dle to the EditText pane (Field3) into the itsMainPane in­
stance variable, from which the BuildWindows method can 
extract the value and store it into the document's itsMain­
Pane instance variable. 

When the preceding simple modification has been made, and 
the application is recompiled, the user will be able to print 
the contents of the CMainWindow class's EditText pane. 
The TCL contains all of the logic to accomplish this task. The 
following steps enumerate the actions taken by the relevant 
code: 

1. The user chooses the Print command from the File 
menu, and this command is sent to the CMainWindow 
class's DoCommand method. This method does not need 
to handle the command, so it passes it on to its inherited 
method. 
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2. The CDocument class intercepts the Print command 
(cmdPrint) and verifies that the itsPrinter instance is not 
NULL. The method then sends a DoPrint message to the 
correct itsPrinter instance. 

3. The DoPrint method calls the toolbox Print Manager to 
show the print job dialog. The user is given the opportu­
nity to set the page range, number of copies, and other 
parameters that are provided in this standard dialog. If 
the user dismisses the dialog with Cancel, the print pro­
cess is terminated at that point. Otherwise, the DoPrint 
method calls the PrintPageRange method (in CPrinter) 
to print out the necessary number of pages for the cur­
rent document's itsMainPane. 

4. The first act of the PrinlPageRange method is to send an 
AboutToPrint message to the document (CEnsembleDoc 
in this case). This message contains the first and last 
page numbers to be printed, as determined from the print 
job dialog in the previous step. In the absence of an over­
ride method, the AboutToPrint method in the CDocu­
ment class is called. 

a. The AboutToPrint method calculates the pageHeight 
and pageWidth instance variables, checks the begin­
ning and ending page numbers for consistency, and 
calculates the pageCount value. 

b. Then, an AboutToPrint message is sent to the its­
MainPane instance. This enables the pane to perform 
any necessary initialization prior to commencing the 
print operation. 

5. The CPrinter class's PrinlPageRange method continues 
by calling the toolbox PrValidate function to verify that 
the printing information is valid and that a printer is 
attached to the system. If a valid result is returned, the 
method calls the ResetPagination method to clear out 
any previously set horizontal and vertical strip counts for 
the document. Then, if no pagination has previously been 
performed, a Paginate message is sent to the document. 
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a. The CDocument class's Paginate method gets the 
existing print record (print job settings) and recalcu­
lates the pageHeight and pageWidth values. 

b. Then, the Paginate method sends a Paginate mes­
sage to the document's itsMainPane instance, allow­
ing the pane to paginate its contents according to the 
type of information contained in the pane. 

c. In lieu of an override method, the Paginate message 
is intercepted by the method with the same name in 
the CAbstractText class. This method calls upon the 
CEditText class's GetNumLines method to determine 
the number of lines of text in the current EditText 
buffer. Using the GetNumLines method, Paginate 
calls the CPrinter class's SetVertPageBreak method 
with appropriate vertical positions for pages to be bro­
ken, creating a set of horizontal strips (pages) contain­
ing complete lines of text. No pages are broken with 
partial lines (e.g., a line split horizontally within its 
characters between pages). If a line will not fit on a 
page, the entire line is moved to the next page on 
which it will fit. 

6. The PrintPageRange method continues by opening the 
print manager and calling the toolbox PrOpenDoc routine 
to initialize a printer grafPort and make it the active port. 
Then the method enters a loop, where the following 
actions are taken: 

a. The toolbox PrOpenPage is called to prepare the 
printer grafPort to receive the QuickDraw instructions 
to print the current page. 

b. The document is sent a Prin1PageOfDoc message, 
which the CDocument class intercepts and sends on 
as a PrlntPage message to the itsMainPane instance. 

c. The CEditText class has a PrintPage method that 
switches the EditText port to the current (printer) 
port, expands the size of the port to encompass an 
entire page width and height, calls the inherited 
PrintPage method, and then resets the EditText port 
back to the screen port. 
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d. The inherited PrintPage method is found in the CPan­
orama class. This method sends the CPrinter 
instance a message to get the area (a Rect) associated 
with the current page, scrolls the pane to the begin­
ning position of the page, and then calls the DrawAll 
method in the CPane class. 

e. The DrawAll method in the CPane class calls the 
Draw method for the current pane and all of its sub­
panes (of which there are none for the EdiIText pane). 
The Draw method in the CEditText class calls TEUp­
date to cause the text at the current pane position to 
be redrawn. 

7. The loop concludes in the PrintPageRange method of the 
CPrinter class by calling the toolbox PrClosePage routine 
to perform any post-page-printing actions. 

8. When all of the pages in the document's itsMainPane 
have been printed, the PrintPageRange method calls the 
PrCloseDoc toolbox routine to finish printing the last 
page of the document, closes the printer port, and ends 
the printing task. The ClosePrintMgr method in the 
CPrinter instance is called to ensure that the printing­
oriented controls and variables are reset. Then, the 
method sends a DonePrinting message to the document, 
which, in turn, sends that message to the itsMainPane 
instance. 

9. The CEditText class intercepts the DonePrinting mes­
sage to recalculate the EdiIText pane dimensions, reset 
the coordinates, and activate the EdiIText pane (which 
will redisplay the blinking cursor in that pane). 

10. The PrintPageRange method returns to the DoPrint 
method, which, in turn, returns to the CDocument 
class's DoCommand method, completing the execution of 
the Print command. 

If the printer is connected via AppleTalk and the print moni­
tor or other spooler is active, the process just described will 
be accomplished in a very short time. After all of the pages 
have been drawn, the Ensemble application will be ready to 
accept any further commands. 
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Printing the GraphWindow's Pane 
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This section describes the custom code modifications that we 
have made to support printing the charts drawn in the 
CGraphWindow window. 

The THINK Class Library is not designed for printing other 
than a single main pane, so to print the panes in the addi­
tional windows, we have to "lie" to the TCL about which pane 
is the document's itsMainPane and also about which in­
stance of CPrinter is itsPrlnter. Fortunately, the code to cir­
cumvent the design of the TCL is quite straightforward. When 
the GraphWindow is the frontmost window, the dynamic 
structure of the Ensemble application appears as displayed 
in Figure 15-2. 
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The figure shows that CGraphWindow and its superclass, 
ZGraphWindow, inherit their behavior from the TCL's CDi­
rector class. There is no code in the TCL that provides the 
ability to directly print a window owned by a CDirector. This 
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is not the case for the MainWindow, which is owned by the 
document. 

The first step in providing support for printing the main pane 
in the CGraphWindow class is to define two new instance 
variables called itsMainPane and itsPrinter, respectively. The 
itsPrinter instance is created and initialized in the IGraph­
Window method. The itsMainPane instance variable will be 
initialized later. The new IGraphWindow code is as follows: 

void CGraphWindow::IGraphWindow(CDirector 
CEnsembleData 

Str255 theFilename; 

itsData = theData; 
inherited::IZGraphWindow (aSupervisor); 
gDecorator->StaggerWindow (its Window); 

II any additional initialization for your window 
itsChartlnfo = new CChartlnfo; 
itsChartl nfo->IChartl nfo(); 

*aSupervisor, 
*theData) 

itsPrinter = new CPrinter; 
itsPrinter->IPrinter((CDocument *)aSupervisor, NULL); 

II 
II Put the window's name in the title 
II 
if(((CEnsembleDoc *) aSupervisor)->itsFile != NULL) 
{ 

( (CEnsembleDoc *) aSupervisor)->itsFile->GetName(theFilename); 
itsWindow->SetTitle(theFilename); 

The next step in supporting printing for the main pane in the 
CGraphWindow class is to add some special code to the Do­
Command method. Fortunately, when it is active, the 
CGraphWindow is at the head of the chain of command. This 
means that its DoCommand method will receive the Print 
and Page Setup commands first (because the gGopher 
points to the CGraphWindow instance). 

If you inspect the customized DoCommand method for the 
CGraphWindow class, as presented on page 406, you'll see 



Printing the GraphWindow' s Pane 461 

that it contains only a case to invoke the Chart dialog and a 
default case that calls the inherited method in the ZGraph­
Window superclass. You can see that this method merely 
passes on the command, as shown in the listing on page 367. 
What we need to do is intercept the Print and Page Setup 
commands inside the DoCommand method in the CGraph­
Window class. The revised code for this method is as follows: 

void CGraphWindow::DoCommand(long theCommand) 
{ 

switch (theCommand) 
{ 

case cmdChart: 
{ 

DoChart(this); 
if(itsChartlnfo->chartSettings.modified) 

{ 
User4->Refresh(); 

break; 

case cmdPageSetup: 
case cmdPrint: 

PrintChart((CEnsembleDoc *) itsSupervisor, theCommand); 

break; 

default: 
{ 

inherited::DoCommand (theCommand); 

break; 

Notice that in the new version of the DoCommand method, 
both the cmdPageSetup and cmdPrint commands are being 
intercepted. In both of these cases, we call a new method 
called PrintChart, with arguments of the CGraphWindow's 
supervisor (which happens to be the CEnsembleDoc in­
stance, as you can see from the cast) and also the command 
that is to be executed. The code for the new PrintChart 
method is as follows: 
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void CGraphWindow::PrintChart (CDocument *itsSupervisor 
long theCommand) 

CPane 
CPrinter 

*saved Pane; 
*savedPrinter; 

savedPane = itsSupervisor->itsMainPane; 
savedPrinter = itsSupervisor->itsPrinter; 
itsSupervisor->itsMainPane = User4; 
itsSupervisor->itsPrinter = itsPrinter; 
itsPrinter->ResetPagination(); 

inherited::DoCommand (theCommand); 

itsSupervisor->itsMainPane = savedPane; 
itsSupervisor->itsPrinter = savedPrinter; 

The PrintChart method is the key to printing additional win­
dows using the current structure of the TCL. The method ac­
cesses the itsMainPane and itsPrinter instance variables in 
the CEnsembleDoc instance (itsSupervisor) and temporarily 
saves these values in the saved.Pane and saved.Printer vari­
ables. It then sets the document's itsMainPane to the User4 
instance, which is the instance of CPanorama in which the 
charts are drawn. The document's itsPrinter is replaced by 
the CGraphWindow's instance of CPrinter (created in the 
IGraphWindow method, shown on page 460). The itsPrinter 
variable is sent a ResetPagination message, to clear out any 
horizontal or vertical strips that may previously have been 
set. 

After the preceding preparations are complete, we can call 
the inherited DoCommand method, which will pass the Print 
or PageSetup command through the chain of command, un­
til it is intercepted by the CDocument DoCommand method, 
as described in step 2 on page 455. 

The operation of the TCL with regard to handling the Print 
and Page Setup commands is almost identical to that previ­
ously described, up to the point where the Paginate and 
Draw methods are called. In the case of the CPanorama 
methods that handle the User4 instance of itsMainPane, 
pagination will depend on the size of the panorama. We have 
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purposely defined its dimensions to correspond to a letter­
sized page (see page 407). 

The existing CUser4 Draw method will draw the currently se­
lected chart into the printer port, according to the code pro­
vided in the TCL for switching the printer and screen ports 
when necessary. 

After the Print or Page Setup command has been handled, 
control will return to the DoCommand method in the 
CGraphWindow class, immediately following the call to the 
inherited DoCommand method. This is key, because upon 
return of control, the code restores the values of the docu­
ment's itsMainPane and itsPrinter to the values saved in 
savedPane and savedPrinter, respectively. At this point, the 
printing operation is complete. 

Printing the CalcWindow's Pane 

ICalcWindow 
method code 
(beginning} 

The provisions to print the CCalcWindow class's main pane 
are only slightly more elaborate than those shown for print­
ing the CGraphWindow's pane. When the CCalcWindow is 
frontmost, the dynamic structure of the Ensemble applica­
tion is as shown in Figure 15-3. As was the case with the 
CGraphWindow class, the first step in supporting printing of 
the CCalcWindow's main pane is to create two new instance 
variables named itsMainPane and itsPrinter. The itsPrinter 
variable is created and initialized in the ICalcWindow 
method. Because the majority of this code is identical to the 
listing of the ICalcWindow method in Chapter 11, only the 
initial portion of the code is shown: 

void CCalcWindow::ICalcWindow(CDirector 
CEnsembleData 

Rect 
Str255 

aRect; 
theFilename; 

long index; 
CCellData *aStyle; 
celllnfo cell Style; 

itsData = theData; 
inherited::IZCalcWindow (aSupervisor); 
gDecorator->StaggerWindow (itsWindow); 

*aSupervisor, 
*the Data) 
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ICalcWindow 
method code 
(concluded) 
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The creation of the CPrinter instance and its storage into the 
itsPrinter instance variable are shown in this abbreviated 
listing of the ICalcWindow code. To handle the Print and 
Page Setup commands, we have enhanced the DoCommand 
method in the CCalcWindow class. In addition, we have had 
to override a couple of the methods in the CList15 class (the 
class that implements the CArrayPane instance that con­
tains the worksheet data). The code for the AboutToPrint 
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and DonePrinting override methods will be presented 
shortly. 

The new code for the DoCommand method is very similar to 
what was presented for the CGraphWindow class's method. 
The previous listing of the DoCommand method is shown in 
Chapter 11, and only a few lines have been added to imple­
ment printing. Only these lines are shown in the following 
code: 

void CCalcWindow::DoCommand (long theCommand) 
{ 

Cell a Cell; 
short 
short 
short 
cell Info 
cell Info 
CWSEntry 
long 

height; 
width; 
changeStyle; 
style Info; 
old Style; 
*an Entry; 
param; 

switch (theCommand) 
{ 

case cmdEnterButton: 
{ 

} 

DoEnterButton (); 
break; 

case cmdCancelButton: 
{ 

} 

DoCancelButton (); 
break; 

case cmdPageSetup: 
case cmdPrint: 
{ 

PrintWS((CEnsembleDoc *) itsSupervisor, theCommand); 
break; 

case cmdWorksheet: 
{ 

II 
II ALL THE CODE INSIDE THIS CASE HAS 
II PREVIOUSLY BEEN SHOWN IN CHAPTER 11 
II 
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DoCommand 
method code 
(concluded) 

default: 
{ 

inherited::DoCommand (theCommand); 
break; 

The foregoing listing includes the addition of a case to handle 
both the Print and Page Setup commands. The code calls a 
new method called PrintWS, with arguments of itsSupervisor 
(which is the CEnsembleDoc instance, as can be seen from 
the cast) and theCommand (which is the command to be exe­
cuted). The code for the new PrintWS method is as follows: 

void CCalcWindow::PrintWS (CDocument *itsSupervisor, 
long theCommand) 

CPane *savedPane; 
CPrinter *savedPrinter; 

savedPane = itsSupervisor->itsMainPane; 
savedPrinter = itsSupervisor->itsPrinter; 
itsSupervisor->itsMainPane = List15; 

II 
II don't print the worksheet borders 
II 
List15->SetCo1Borders(O, patCopy, ltGray); 
List15->SetRowBorders(O, patCopy, ltGray); 

itsSupervisor->itsPrinter = itsPrinter; 
itsPrinter->ResetPagination(); 

inherited::DoCommand (theCommand); 

itsSupervisor->itsMainPane = savedPane; 
itsSupervisor->itsPrinter = savedPrinter; 

II 
II reset the worksheet borders 
II 
List15->SetColBorders(1, patCopy, ltGray); 
List15->SetRowBorders(1, patCopy, ltGray); 
List15->Refresh(); 
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As was shown in the listing of the PrintChart method (on 
page 462), the first act of the PrintWS method is to save the 
current contents of the document's itsMainPane and 
itsPrinter instance variables into the savedPane and saved­
Printer local variables. It then sets the document's itsMain­
Pane to the List 15 instance (which is the CArrayPane 
instance that holds the worksheet display). 

Because we don't want the cell borders to show up on the 
printout, we send commands to the List15 instance that set 
the column and row border widths to 0. This effectively sup­
presses printing of the borders because the TCL checks their 
widths to determine whether they should be drawn. Next, the 
document's itsPrinter instance variable is replaced by the 
itsPrinter instance created in the ICalcWindow method, and 
a ResetPagination message is sent to the instance to clear 
any previously defined horizontal or vertical page strip set­
tings. At this point, the inherited DoCommand method can 
be called to initiate printing of the pane. All of the code previ­
ously described regarding printing of the CMainPane in­
stance (beginning with step 2 on page 455) is carried out for 
the Print or Page Setup command. The description of the 
printing process indicates (in step 4) that the PrintPage­
Range method calls the document's AboutToPrint method, 
which, in turn, calls the corresponding method in the its­
MainPane instance (described in step 4a on page 456). In the 
case of the CCalcWindow pane, we have supplied an override 
for the AboutToPrint method. The code for this override is as 
follows: 

void Clist15::AboutToPrint (short *firstPage, short *lastPage) 
{ 

inherited::AboutToPrint (firstPage, lastPage); 
saveHOrigin = hOrigin; 
saveVOrigin = vOrigin; 
Offset(hOrigin, vOrigin, FALSE); 

We need to override the AboutToPrint method because the 
worksheet pane (List15) isn't located at the top left corner of 
the window. Printing its contents in the current orientation 
will cause the cells to be off set both horizontally and verti­
cally. To correct this situation, we have defined two new in­
stance variables in the CList15 class that will hold the 
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existing horizontal and vertical pane origin values. The 
AboutToPrint code first calls the inherited method, then 
stores the hOrigin and vOrigin values into the new saveHOr­
igin and saveVOrigin instance variables, and then sends an 
Offset message to the pane to move it physically to the top 
left corner of the window's frame. By passing FALSE as the 
third argument to this method, we prevent the pane from be­
ing redrawn in its new position; therefore, the screen display 
is not changed. 

The Paginate method for the worksheet pane is inherited 
from the CTable class. The method will break up the work­
sheet into horizontal and vertical strips that contain an inte­
gral number of whole cells. 

Drawing the contents of the worksheet is accomplished by a 
combination of the PrintPageRange and its subsidiary meth­
ods, as well as by code in the DrawCell and DrawWSCell 
methods for the CList15 class. The TCL takes care of switch­
ing the ports between the printer port and screen display 
port, as required. 

When the worksheet's contents are completely printed (and it 
should be noted that only the portions of the worksheet that 
actually contain data will be printed), the PrintPageRange 
method calls the document's DonePrinting method, which, 
in turn, calls the corresponding method for the itsMainPane 
instance. These actions are described in step 8, on page 458. 
In our case, an override method in the CList15 class has 
been provided for the DonePrinting method. The code is as 
follows: 

void Clist15: :DonePrinting (void) 

{ 
inherited::DonePrinting(); 
Offset(-saveHOrigin, -saveVOrigin, TRUE); 

The DonePrinting method first calls the inherited method 
and then moves the Listl5 pane back to its original location, 
using the values saved in the saveHOrigin and saveVOrigin 
instance variables. We also provide a third argument of TRUE 

to the Offset method, which causes the pane to be redrawn. 
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When the DonePrinting method returns to the TCL and all of 
the other cleanup tasks are complete, control returns to the 
PrintWS method in the CCalcWindow class (see page 466). 
Control returns to the code immediately following the call to 
the inherited DoCommand method. The code that follows re­
stores the itsMainPane and itsPrinter instance variable val­
ues in the CEnsembleDoc instance and then restores the 
I-pixel cell borders by calling the SetColBorders and Set­
RowBorders methods for the CList15 object. The final action 
is to send a Refresh message to the pane, to redraw the 
worksheet with its borders. 

The printed version of the worksheet consists of a series of 
vertical and horizontal strips, each of which occupies a 
printed page, as shown in Figure 15-4. 

According to the pagination algorithm, the worksheet is di­
vided into page-sized groups of cells. Pages can have a variable 
number of cells, depending on the row and column widths in 
the worksheet. The pages are printed from left to right and 
from top to bottom. The top left cell on page 1 is cell Al. 
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Exercises 

If the worksheet consists only of a few cells, it is advanta­
geous to locate them beginning in cell Al and in cells in that 
region of the worksheet. By defining cells in the rightmost 
columns or bottommost rows, a set of blank pages might be 
printed before the desired data are output. 

There is no provision for printing a portion of the worksheet 
in this design. As indicated, if the worksheet contains only a 
few cells and the cells are placed in the top left area of the 
worksheet, only a single page will be printed. 

The printing strategy presented for the CGraphWindow and 
CCalcWindow panes will apply equally to additional windows 
if these are added to the Ensemble design. In every case, it 
will be necessary to intercept the Print and Page Setup com­
mands, so that the itsMainPane and itsPrinter variables in 
the document instance can be replaced by corresponding 
variables for the window whose pane is to be printed. It is 
also necessary to restore the saved values after printing is 
complete. 

1. Describe the difference between printing the contents of 
the Main Window and of the subsidiary windows. Discuss 
how this difference could be eliminated. (Hint Perhaps a 
different application model would be required, or perhaps 
the printing and command-handling methods could be 
insulated from the programmer, as they are when print­
ing the MainWindow.) 

2. Explain why the worksheet pane had to be moved so that 
it would print with its top left cell at the top left margin of 
the page. 

3. Describe what modifications would be necessary to print 
only a portion of the worksheet window. In what way 
could this relate to the selection of multiple contiguous or 
noncontiguous cells in the worksheet, as suggested in 
Chapters 8 and 11? 
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4. How would you handle printing a title on the first page of 
a printout and page numbers or other header or footer 
material? What TCL classes and methods would you need 
to override, and what additional methods would need to 
be written?1 

1. Examination of the complexities of pagination and printing individual pages is an involved 
task. Preparation of an appropriate answer to this question would require a great deal of 
research. We suggest that this be assigned only as an extra-credit project or be undertaken as 
a section of the lesson plan. Printing is both a complex and necessary task. Many applications 
will require formatted printed output, as opposed to the printouts that mimic the screen dis­
plays implemented in the Ensemble application. 



Chapter 16 

Completing the Ensemble Application 

This chapter describes the final steps that will transform the 
Ensemble application into a stand-alone double-clickable 
Macintosh application. 

We will discuss a couple of simple code additions that assign 
a Creator code to the application and also specify a Type code 
for the application's data file. 

We will also provide a tutorial on using Apple's ResEdit pro­
gram to create the custom resources that provide unique 
icons for both the application and its data file. 

Finally, we will compile the Ensemble project one more time 
and link it into a stand-alone application. Once that has been 
done, it will be available for use by double-clicking either the 
application or one of its data files. 

Defining Ensemble's Creator and File Type Codes 

As you are probably aware, all Macintosh files (including ap­
plications) have both a Creator code and a Type code. The 
Type code for an application is always 'APPL'; however, its 
Creator code can be any four-character identifier that doesn't 
conflict with one used for another application. 

We will use 'Nsbl' for Ensemble's Creator code, as this code is 
not presently being used (as far as I can tell). In addition to 
the Creator code, we will need a unique Type code for the ap­
plication's data file. We have decided to use 'Nsbf for this 
purpose. Therefore, the data files written and read by Ensem­
ble, after we have made the changes to be described, will have 
a Creator code of 'Nsbl' and a Type code of 'Nsbf. 

473 
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The changes to implement these codes are very simple. They 
are made in the CEnsembleApp.h file, to establish the defini­
tions for the kSignature and kFileType constants. These 
new definitions are as follows: 

#define kSignature 'Nsbl' 

#define kFileType 'Nsbf 

The definitions are used in various places in the application, 
especially in the CEnsembleApp class's SetUpFileParame­
ters method: 

void CEnsembleApp::SetUpFileParameters(void) 

{ 

inherited::SetUpFileParameters (); 

sfNumTypes = 1; 

sfFileTypes [O] = kFileType; 

gSignature = kSignature; 

The sfFileTypes array is initialized to contain a single new 
Type code corresponding to the kFileType definition. 

Creating Unique Application and File Icons 

After the changes have been made to define the Creator and 
Type codes, the source code for the Ensemble application is 
complete and can be saved. The next step in creating a cus­
tom application is to design the family of icons that are dis­
played on the desktop for the application and its files, as well 
as other resources that establish the unique identity of the 
application. The best way to accomplish this is to make a 
copy of the Ensemble.n.rsrc AppMaker resource file and use 
the ResEdit application that came with your THINK C prod­
uct. The following steps describe how to modify the file: 

1. Launch your copy of ResEdit (version 2.1 or later) and 
open the Ensemble.n.rsrc copy file. You should see a 
window similar to what is shown in Figure 16-1. 
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2. Locate the resource icon labeled BNDL. This is the Bun­
dle resource. Double-click to open this resource, as 
shown in Figure 16-2. 

~D Ensemble. rr .rsrc copy 0~ 

0101 I IOI 01011101 01011101 0101 I IOI 

~ 
{f 

0010 1001 (u)IOIOOI 0010 1001 0010 1001 
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0001 1110 0001 1110 0001 1110 0001 1110 

I 
01000000 01000000 01000000 01000000 

~ 

actb ADTx AETx ALRT AMKR ATbl .. 
OICll I IOI 

~~ 
01011101 0101 I IOI 

~~ 0010 1001 00101001 

~ 
0010 1001 

0110 1010 01101010 0110 1010 
00011110 00011110 0001 1110 ~~ 01000000 ¢Q 01000000 01000000 

'°'" Bord CNTL Ct JP DITL DLOG Es tr FREF '2l 

3. You should see a list of BNDL resources, as shown in Fig­
ure 16-3. Notice that only a BNDL with a resource ID 
of 128 is shown. 
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Figure 16-3 
List ofBNDL 
resources 

Figure 16-4 
BNDL with ID = 128 
open 

Figure 16-5 
BNDL extended view 
selected 

=o= BNDLs from Ensemble. n .rs re copy =~::r 

4. Double-click on the BNDL whose ID is 128 to open it. You 
should see a window with the appearance shown in Fig­
ure 16-4. Notice that the bundle contains icons for a 
generic application ('APPL') and also a generic document 
('DOC'). 

~D~ BNOL "Bundle" ID = 128 from Ens ~ 

signature: lflut!t!WI 

Type Finder I cons 

APPL 

DOC 

5. Choose ·the Extended View command from the BNDL 
menu at the top of the screen, as shown in Figure 16-5. 

6. You should see an extended view of the BNDL #128 
resource, as shown in Figure 16-6. This view includes 



Figure 16-6 
BNDL #128 
extended view 

Figure 16-7 
BNDL#l28 
extended fields 
modified 
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some additional fields that we must complete to set the 
application's signature (Creator code) and to create the 
version resource. 

§0 BNDL "Bundle" ID = 128 from Ensemble. n .rsrc copy 
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7. Fill in the additional fields in the extended view to match 
the settings shown in Figure 16-7. The modified resource 
should have 'Nsbl' in place of the 'XXXX' in the Signature 
field, and the ID String should contain "Ensemble vl.O 
© 1992 Richard Parker", instead of the "Generic Appli­
cation vl.O" text that was shown in Figure 16-6. 

§0 BNDL "Bundle" ID = 128 from Ensemble. n .rsrc copy 

Signature:~ 
ID:~ (should be O) 

©String: !Ensemble 111 .0 © 1992 Richard Parke~I 
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1 129 DOC 1 129 EJEJEJaaa 

tzy 
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Figure 16-8 
BNDL Extended 
View cleared 

Figure 16-9 
Opening APPL icon 
editor 

8. After the additional fields have been modified, choose the 
Extended View command from the BNDL menu, as 
shown in Figure 16-5, to collapse the view. 

9. The next step is to open the icon editor for the APPL icons 
by double-clicking on the Finder Icons pane, as shown in 
Figure 16-9. 

~0~ BNDL "Bundle" ID = 128 from Ens ~ 

Signature: I Nsbl 

Type Finder Icons 

HPPL 

DOC BB E)BBB 

10. The APPL icon editor is shown in Figure 16-10. This edi­
tor allows you to create application icons for both mono­
chrome and color displays. The monochrome icon is 
called ICN#, and its small version is called ics# . It also 
allows the creation of large and small 8-bit color (icl8 and 
ics8) icons, as well as 4-bit color (icl4 and ics4) icons. (It 
is not possible to show the color versions of the icons in 
this book.) To begin the creation of the monochrome icon, 
choose the ICN# icon, as shown in the figure. 

11. The next step requires that you select the entire icon in 
the large "Fat-Bits" window by choosing the Select All 
command from the Edit menu or by pressing the Com­
mand-A key combination. The entire default icon will be 



Figure 16-10 
icon editor showing 
the default APPL 
icons 
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§0 Icon Family "Rppl" ID= 128 from Ensemble.n.rsrc copy 
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Off I ine 

surrounded by a "marquee." Press the delete key to 
delete the default icon. 

12. Select the open-circle tool from the tool palette, position 
the cross hair cursor at the top left corner of the square 
icon pane, and drag down and to the right until you reach 
the bottom right corner of the pane. When you release the 
mouse button, you should see an unfilled circle (a black 
circle with a white interior) in the pane. If this didn't work 
as you expected, you can delete whatever was drawn and 
by again. 

13. The next step is to select the pencil tool and create the 
block "E" that occupies most of the interior of the icon. 
The final step in completing the icon is to create the 
mask. Click to select the mask, and delete its current 
contents, in the same manner as you deleted the default 
ICN# icon. Select the filled-circle tool, position the cross 
hairs at the top left corner of the large pane, and drag 
down and to the right until a filled circle occupies the 
interior of the pane. The completed result, with both the 
ICN # and the mask, is shown in Figure 16-11. 

14. Figure 16-12 shows the completed versions of the other 
icons. The small monochrome icon (icn#) was created 
from scratch using the same techniques described for 
creating the large icon (ICN#) and its mask. To create the 
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Figure 16-11 
ICN# icon created 

Figure 16-12 
Completed family of 
application icons 

color versions of the icons, we copied the monochrome 
versions and pasted them into the corresponding large or 
small color icons. We changed the black circle to a shade 
of green by selecting the color from the color palette, and 
we used the pencil or bucket tools to change individual 
and a series of connected pixels, respectively. The block 
"E" was created in the same shade of green, and the inte­
rior of the circle was filled with a yellow color. The 8-bit 
and 4-bit icons use the same color scheme. 

15. When all of the application icons (or only the mono­
chrome versions if you don't have a color monitor) are 
complete, you can dismiss the icon editor by clicking in 



Figure 16-13 
Nsbf icon editor 
being opened 
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its close box. The BNDL pane will reappear, but will con­
tain the newly created icons for the APPL file type. 

16. The next step is to create custom icons for the data file 
that is read and written by the Ensemble application. 
First, click in the space where the DOC type name is dis­
played, and change it to read Nsbf, as shown in Figure 
16-13. Then reopen the icon editor by double-clicking on 
the Finder icons pane, as shown in the figure. 

~D~ BNDL "Bundle" ID = 128 from Ens 

Signature: I Nsbl 

Type Finder I cons 

RPPL 

Nsbf 

17. Creating the icons for the Nsbf file type is carried out in 
much the same way as the steps previously described for 
creating the application icons. In this case, however, we 
don't want to delete the existing icons completely; rather, 
we merely want to delete the "XXXX" that appears in 
each and replace this with a block "E" that fills most of 
the document's outline. We will not have to change the 
mask for any of the new icons, because it already covers 
the complete outline of the document. To delete the X's, 
you can either select the pencil tool and click on each 
black pixel individually or use the marquee tool to select 
the entire group of pixels making up the "XXXX" image 
and then press the delete key. The completed set of docu­
ment icons for the Nsbf file type is shown in Figure 16-14. 
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Figure 16-14 
Nsbf icon designs 
complete 

Figure 16-15 
BNDL with all icon 
designs complete 

The color versions of these icons use the same green "E" 
and yellow background as in the application icon design. 
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18. When the Nsbf designs are complete, you can dismiss the 
icon editor by clicking in its close box. The BNDL pane 
will now display both sets of completed icons, as shown in 

Figure 16-15. 

§0§ BNDL "Bundle" ID = 128 from Ens 

Signature: u~na•I 

Type Finder I cons 

HPPL 

Nsbf 
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Opening the vers 
resource 

Figure 16-17 
Modified vers 
resource 
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19. You can now close the BNDL 128 pane and its corre­
sponding list of BNDL resources. Next, double-click on 
the vers (version) resource to open it up, as shown in Fig­
ure 16-16. 
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20. Modify the fields in the vers resource to match the set­
tings in Figure 16-17. We've changed the version number 
to 1.0.0, the release to Final, the short version string 
to 1.0, and the long version string to "Ensemble vl.O © 
1992 Richard Parker". 

~D~ uers ID = 1 from Ensemble. ff .rsrc copy ~ 

Uersion number: LJ . LI . LI 
Release:._! _F_i_n_a_I ____ T__.I Non-release: LJ 
country Code:l._o_o_-_u_sn _____ T__,I 

Short uersion string:! .... 1_._o _________ ~ 

Long uersion string (uisible in Get Info): 

I Ensemble ul .o © 1992 Richard Parker 

21. When the vers resource has been modified as specified, 
you can close its window. The next step is to modify the 
FREF (File Reference) resource. Double-click on the 
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Figure 16-18 
Opening the FREF 
resource 

Figure 16-19 
FREF 129 chosen 

FREF icon, as shown in Figure 16-18. This displays the 
list of FREF resources. 

~D Ensemble. n .rsrc copy E!l~ 

01011101 

~~ 
01011101 01011101 

~ 
{} 

00101001 00101001 0010 1001 mii! 01101010 01101010 

! a. 01101010 
00011110 00011110 00011110 
01000000 ¢9 01000000 01000000 

~ 

Bord CNTL Ct IP DITL DLOG Es tr - I 01011101 

lilliiJI lilliUm L:JCI 0010 1001 
CJ Cl mm lil'l mm lil'l 01101010 

HOl 1110 ~-··· ~-··· ~-··· ~-··· ~-··· ~-··· 01000000 

'°' hmnu icl4 iclB ICN• ics• ics4 ics8 l2J 

22. Choose the FREF resource ID #129, whose name is 
"DOC" in the list shown in Figure 16-19. Just click once 
on the list item to select it. 

~D~ FREFs from Ensemble.n.rsrc copy ~BJ~ 

23. After selecting the FREF m #129 entry, pull down the 
Resource menu and choose the Get Resource Info com­
mand, as shown in Figure 16-20. 

24. The "resource information" window will show the settings 
for the FREF ID # 129 selection, as shown in Figure 
16-21. Change the Name field from DOC to Nsbf, as 
shown. Close the "info" window, and save the resource file 
by pulling down the File menu and choosing Save. 

25. This completes the modifications to the AppMaker 
Ensemble.1t.rsrc copy file. You can quit ResEdit by pull­
ing down the File menu and choosing Quit. 
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Choosing the Get 
Resource Info 
command 

Figure 16-21 
NameofFREF 
ID #129 changed to 
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Creating the Stand-alone Ensemble Application 

If the modifications to the Ensemble.n.rsrc copy file were ac­
complished without any problems, you can throw the original 
Ensemble.n.rsrc file into the trash and rename the copy with 
the original's name. If you ran into any problems, you can 
throw the copy into the trash, make a new copy of the original 
and redo the steps in the previous section. 

In this section, we are going to create the final stand-alone 
Ensemble application. To accomplish this objective, we per­
form the following steps: 
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Figure 16-22 
Changing the Creator 
to Nsbl 

1. Launch THINK C by double-clicking on the Ensemble.n 
project file. 

2. Pull down the Project menu and choose the Bring Up To 
Date command. The compiler might not need to recom­
pile the project. This is just a precautionary measure. 

3. Pull down the Project menu and choose the Set Project 
Type command. 

4. In the Project Type dialog, change the Creator code from 
XXXX to Nsbl, as shown in Figure 16-22, and then click 
the OK button. 
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5. Pull down the Project menu and choose the Build Appli­
cation command. 

6. THINK C will display the Build Application dialog shown 
in Figure 16-23. Make sure that the file name for the 
application is Ensemble, and then click Save. THINK C 
will link and then write out the executable application 
file. When this is complete, you can quit the THINK C 
application. 

Completing the Process 

When you quit THINK C, as indicated in the previous section, 
you may find that the application does not yet display its new 
application icon. If this is the case, you can try closing the 
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folder in which it resides and then reopening it. If the icon 
still doesn't appear, you'll have to restart your computer and 
rebuild your desktop. 

Rebuilding the desktop is simple. In the Finder, choose the 
Restart command from the Special menu. Then, immedi­
ately press and hold down both the Command and Option 
keys. Continue holding down these keys, until the operating 
system displays a dialog that asks you whether you really 
want to rebuild your desktop. Bear in mind that if you do, 
you will lose any comments you have keyed into the Get Info 
boxes for any of your files or applications. If you don't want to 
lose any of your comments, click the Cancel button, which 
will bypass the rebuilding process and restart the computer 
in the normal fashion. If you do choose to rebuild, click the 
OK button and the desktop will be rebuilt. 

If you have multiple hard disks, you can choose to rebuild the 
desktop only on the disk that contains the Ensemble applica­
tion. Clicking Cancel in the dialog requesting permission to 
rebuild another disk's desktop will not prevent a dialog for 
each disk from being shown. Click OK for the one that con­
tains the Ensemble application. 

When the process is complete, you should see the new icon 
for your Ensemble application. Figure 16-24 shows the com­
plete set of files for the Ensemble project, including a file that 
contains the "Amazing Widgets" data file. The files are shown 
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Figure 16-24 
A complete set of files 
for the Ensemble 
application 
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in the "by Small icon" view. The application and its data file 
are shown at the bottom right of the figure. 

If you want to see the application's icon as well as its version 
string, click on the application to select it, and then pull 
down the File menu and choose the Get Info command. A 
picture of the Get Info window is shown in Figure 16-25. 

To change the Type and Creator codes of the existing "Saved­
Data" file (so that it will be recognized by the Ensemble appli­
cation), you should do the following: 

1. Launch ResEdit, pulling down its File menu and then 
choosing the Get File/Folder Info command. 

2. ResEdit will display a standard Open File dialog box, and 
you can navigate to the folder in which the "SavedData" 
file is stored, select the file, and click Get Info, as shown 
in Figure 16-26. 

3. When the Get Info button is clicked, ResEdit will display 
a large dialog that contains many settings for the file. 
Change the file Type and Creator to Nsbf and Nsbl, 
respectively. Also, make sure that the "Inited" checkbox is 
not checked, as shown in Figure 16-27. 

After these changes have been made to the file, you should 
quit ResEdit, saving the changes to the file, and the Finder 



Figure 16-25 
Contents of the 
Ensemble 
application's Get 
Info window 

Figure 16-26 
ResEdit's standard 
file dialog with Get 
Info selected 
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§0 Ensemble Info 
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icon for the "SavedData" file should display the new icon. If it 
does not, you will once again have to rebuild the desktop file, 
following the method described at the beginning of this sec-
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Figure 16-27 
ResEdit Info for 
SavedData 
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D Stationery D Hlias D Use Custom I con 

tion. It is not necessary to change the information for the 
"SavedData" file, unless you want to open the file with the 
Ensemble application. If you don't change the file's Type and 
Creator codes, when you choose the Open command from 
Ensemble's File menu, the file will not be visible in the dia­
log. Only files with Creator and Type codes of Nsbl and Nsbf, 
respectively, will be seen. 

If you change the Type and Creator codes of the "SavedData" 
file, you can launch the Ensemble application by double­
clicking on the file. 

If you don't change the Type and Creator codes, any subse­
quent files written by the application will automatically be as­
signed the correct codes and will display the unique icons. 

Summary: Application Development 

The Ensemble application illustrates many of the important 
design and programming considerations that go into the de­
velopment of a nontrivial THINK C application. The combina­
tion of AppMaker and THINK C is very powerful and offers a 
streamlined approach to object-oriented programming. 

While your own applications will differ from the specifics of 
the Ensemble application, many of the techniques used to 
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create the user interface and to interface with both the gener­
ated code and the THINK Class Library will be very similar to 
those shown in this book. 

One conclusion is sure: It is easily possible to create a com­
plex application by using these tools in a series of incremen­
tal steps, with the ability to verify the functionality of the 
application at each stage of development. This alone should 
give you the desire to begin using AppMaker with THINK C for 
all of your application development projects. 

1. Describe what changes are needed to support additional 
file types in an application. What areas of the code are 
affected if multiple types of input data are supported? 

2. Describe the function of Type and Creator codes. Where is 
the icon for a particular type of data file stored? 

3. Define your own custom icon for the Ensemble applica­
tion. Explain under what circumstances each of the 
ICN#, icl4, icl8, ics#, ics4, and ics8 icons are used. 
What would happen if any of these were missing? 
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Item Info, 133, 250 
Tools as Text, 60, 131, 250, 344 
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317 
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DrawCell Method Code, 201 
GetCellText Method Code, 200 
IViewTemp Method Code, 199 

Command 
defined, 36 

Commands 
standard Edit menu, 38, 40 
standard File menu, 38 

Completing the Application Building 
Process, 486-490 

Completing the Ensemble Application, 4 73-
490 

CreateDocument Code, 94 
CreateDocument Method, 32 
Creating and Operating the Notebook Dialog, 

117 
Creating Ensemble.7t.rsrc file, 4 
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Application, 485-490 
Creating the Worksheet Dialog, 247-256 
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415 
DrawHorizTicks Method Code, 432-433 
DrawVBarChart Method Code, 415-421 
DrawVertTicks Method Code, 433-434 
DrawXYChart Method Code, 421-428 
GetBa.tlbickness Method Code, 429 
GetDataMinMax Method Code, 430-

432 
GetFormat Method Code, 434-436 
GetLabelMax Method Code, 429-430 
NiewTemp Method Code, 407 
NiewTemp method code, 370 

CUser4 Custom Methods, 404 
Custom CEnsembleApp Methods 

for Ediffext window, 91 
Custom Ediffext Methods, 89 
Custom Ediffext Window Code, 89-107 
Custom Format Notebook Code, 107-125 
Custom Worksheet Methods, 300 
Customizing the CalcWindow Lists, 318-

326 
Customizing the CCalcWindow Code, 197-
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317 
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Customizing the GraphWindow Code, 403-

442 
CWorksheet Customized Files, 266 
CWSEntiy 
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Default Ensemble menus, 5 
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450 
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Disposing the Notebook Dialog, 124 
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DoCommand Method Code, 174, 180-182, 

305-308,332-336,367,369,376-
377,406 

DoEnterButton Method Code, 219 
DoKeyEvent Message, 37 
DoNotebook Function, 78 
DoWorksheet Function Code, 300-303 
DrawSample Method Code, 311-312 

E 
Edit Text Initialization Steps, 75-76 
Ediffext Code Structure, 68-69 
Ensemble 

application subclass file, 22 
application superclass file, 22 
CalcWindow subclass file, 167 
CalcWindow superclass file, 167 
Chart dialog subclass file, 361 
Chart dialog superclass file, 362 
creating Ediffext features, 47--63 
Creator code definition, 4 7 4 
data subclass file, 22 
default Alerts, 10 
default Apple menu, 7 
default creator code, 28 
default dynamic structure, 24 
default Edit menu, 8 
default File menu, 8 
default MainWindow, 9 
document subclass file, 22 
document superclass file, 22 
File Type defmition, 4 7 4 
final list of files in Finder, 488 
Format 

Worksheet, 262 
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CalcWindow, 169 
Generated classes & methods for 

CGraphWindow & Chart dialog, 
364 

GraphWindow subclass file, 361 
GraphWindow superclass file, 361 
initial file format 

WriteAll, 102 
initial files defined, 22-23 
initial structure, 21-45 
main function file, 22 
MainWindow subclass file, 23 
MainWindow superclass file, 23 
project file list, 148 
ResourceDefs file, 23 
revised file format, 290 
running with Main Window & 

CalcWindow, 150, 243, 261 
running with Main Window and 

formatted CalcWindow, 339 
running with MainWindow, 

CalcWindow, and ChartWindow, 
359 

source files resegmented, 357 
structure with CalcWindow, 168 
structure with ChartWindow, 363 
structure with CWorksheet, 267 
structure with MainWindow, 68 
subclass files defined, 21 
superclass files defined, 21 
Worksheet dialog, 262 
Worksheet subclass file, 265 
Worksheet superclass file, 265 

Ensemble's default menu bar, 7 
Ensemble's main function, 24 
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autoKey, 42 
cmdNew handling, 31 
disk event, 43 
high level, 44 
key down, 42 
key up, 42 
mouse click, 41 
mouseup, 42 
Open Application, 30 
other, 44 
suspend and resume, 43 
update, 43 
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Examining the CWorksheet Subclass Code, 

274-282 
Examining the Format Worksheet Code, 

265-282 
Examining the Generated Code for 

ZWorksheet, 269-274 
Examining the ZEnsembleDoc Code 

Changes, 267-269 
Examinining the GraphWindow Code, 361-

379 
Example 

Horizontal Bar Chart, 415 
Vertical Bar Chart, 421 
Worksheet Window Contents, 416 
X-Y Chart, 428 

Example Worksheet Entries, 213 
explOx Function Code, 437 

F 
File Menu Command Message Flow, 93 
Font Table Construction, 250-251 
fontinfo Structure Declaration, 194 
Format Chart Dialog Appearance, 349 
Format Worksheet File List in Finder, 258 
Functions 

G 

DoChart, 372 
DoNotebook, 78 

part 1, 112 
part 2, 117 
part 3, 117 
part 4, 124 
part 5, 124 

DoWorksheet, 275, 301-302 
explOx, 437 
FindWSCell, 206 
loglOx, 436 
lookDown, 441 
lookup, 441 
main, 24 
RoundDown, 438 
Roundup, 440 

GC Method Code, 450 
Generated Code for CList24 & CList28 

Classes, 278 
Generated Code for EdiIText Window, 67-86 
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Generating the Format Worksheet Code, 

257-258 
GetCalcWindow Method Code, 406 
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336 
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336 
GetChartlnfo Method Code, 407, 444 
GetColData & GetRowData Method Code, 

337 
GetExpression Method Code, 224-228 
GetExpression Parser State Transitions, 224 
GetHData Method Code, 445 
GetHLabel Method Code, 446 
GetHList Method Code, 299 
GetHScale Method Code, 444 
GetSettings Method Code, 313-316 
GetToken Method Code, 228-231 
GetVData Method Code, 445 
GetVLabel Method Code, 446 
GetVList Method Code, 299 
GetVScale Method Code, 445 
GetWSStyle & SetWSStyle Method Code, 

338 
Global Functions Used by CUser4 Class, 

436-442 
Global Variables 

gApplication, 25 
gBartender, 26 
gClipboard, 26 
gDecorator, 26 
gDesktop, 26 
gGopher, 28, 31 

Graph Window 

H 

final appearance, 344 
Panorama installed, 34 7 
Scrollpane installed, 346 

Handling CmdNew, 32-36 
Handling Notebook Dialog Failures, 124 
Handling User Interaction in the Notebook 

Dialog, 118 
Horizontal Bar Chart Example, 415 

>Index 497 

ICalcWindow Method Code, 175, 215-216, 
327-330 

!Chart Method Code, 376 
IChartlnfo Method Code, 443 
IEnsembleData Method Code, 34, 186, 289 
IGraphWindow Method Code, 368, 403 
Implementing the File Menu Commands, 

92-105 
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Initial AppMaker resources, 6 
Initial DoNotebook Code, 112 
Initializing the Font Names, 115 
Initializing the Font Sizes, 116 
isCell Method Code, 236-237 
isConst Method Code, 231-236 
!Worksheet Method Code, 303-304 
IWSEntry Method Code, 240 
IZCalcWindow Method Code, 171 
lZChart Method Code, 373-375 
IZGraphWindow Method Code, 366 

L 
List GetCellText Method Code, 1 76 
List IViewTemp Method Code, 175 
List NewList Method Code, 176 
loglOx Function Code, 436 
lookDown Function Code, 441 
lookUp Function Code, 441 
Lookup Tables for Global Functions, 437-

438 

M 
Main Window ScrollPane Construction, 51 
MakeStringObj Method Code, 237, 330 
MakeValueObj Method Code, 238, 330 
Message 

ProcesslEvent, 36 
Messages 

DispatchClick, 37 
DispatchEvent, 37 
DoAppleEvent, 30 
DoCommand, 30 

to gGopher, 37 
DoKeyEvent, 37 
DoMouseDown, 37 
UpdateAllMenus, 37 

Method 
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CList24 
GetCellText, 316 
IViewTemp, 316 

Methods 
CCalcWindow 

Activate, 239 
DoCancelButton, 181, 221 
DoCommand, 181,332-335,465-

466 
DoEnterButton, 181, 219 
GetCellData, 336 
GetCellStatus, 337 
GetColData, 337 
GetExpression, 226-228 
GetRowData, 337 
GetToken, 228-230 
ICalcWindow, 175, 215, 327-329, 

463-464 
InitCellStyle, 338 
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isConst, 232-234 
MakeStringObj, 237, 330 
MakeValueObj, 331 
NewList5, 177 
NewUser6, 179 
ParseEntry, 222-223 
PrintWS, 466 
ProviderChanged, 182, 217 
SetCellData, 336 
SetCellStatus, 337 
UpdateMenus, 180, 216, 332 

CCellData 
ICellData, 287 

CC hart 
DoCommand, 376-377 
!Chart, 376 
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UpdateMenus, 376 

CChartlnfo 
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GetHLabel, 446 
GetHScale, 444 
GetVData, 446 
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SaveAs, 103 
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InitTextFormat, 96 
NewFile, 95 
OpenFile, 97 
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SetFontData, 109 

CGraphWindow 
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PrintChart, 462 
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IViewTemp, 202 

CListl5 
AboutToPrint, 467 
DonePrinting, 468 
DrawCell, 322 
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GetContents, 208 
IViewTemp, 204 
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GetCelIText, 317 
NiewTemp, 317 
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NiewTemp, 115 

CList5 
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GetCellText, 176, 201 
NiewTemp, 175, 200 

CMainWindow 
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IMainWindow, 455 
SetEdiITextHandle, 106 
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CNotebook 
DoCommand, 82, 119-120 
DrawSample, 121-122 
INotebook, 79, 113 
NewList25, 81 
ProviderChanged, 85, 122-123 

CSwitchboard 
GetAnEvent, 37 

CUser4 
Draw, 371, 408-409 
DrawChartFrame, 432 
DrawHBarChart 

section 1, 410-411 
section 2, 411-412 
section 3, 412-413 
section 4, 413 

DrawHorizTicks, 433 
DrawVBarChart 

section 1, 416 
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section 3, 418-419 
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DrawVerITicks, 434 
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section 1, 422-423 
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section 3, 425-426 
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GetBa.tlbickness, 429 

GetDataMinMax, 431 
GetFormat, 435 
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NiewTemp, 370, 407 

CUser6 
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NiewTemp, 178 

CWorksheet 
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GetSettings, 313-315 
!Worksheet, 278, 303 
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CWSEntcy 
GetWSCell, 241 
GetWSEntcy, 241 
GetWSStyle, 338 
GetWSText, 241 
GetWSType, 241 
GetWSValue, 241 
IWSEntcy, 240 
SetWSCell, 241 
SetWSEntcy, 242 
SetWSStyle, 338 
SetWSText, 242 
SetWSType, 242 
SetWSValue, 242 

EnsembleDoc 
DoCommand, 38 

Main Window 
IMainWindow, 35 

ZCalcWindow 
DoCommand, 174 
IZCalcWindow, 171-172 
NewList5, 173 
NewUser6, 173 
UpdateMenus, 17 4 

ZChart 
lZChart, 373-375 
UpdateMenus, 375 

ZEnsembleApp 
CreateDocument, 32 
DoCommand, 39 
SetUpMenus, 70 

ZEnsembleDoc 
BuildWindows, 34, 170, 365 
DoCommand, 70, 268 
DoRevert, 104 
DoSave, 100 
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DoSaveAs, 103 
NewFile, 33 
OpenFile, 98 
UpdateMenus, 268 

ZGraphWindow 
DoCommand, 367 
IZGraphWindow, 366 
NewUser4, 367 

ZMainWindow 
IZMainWindow, 35, 71 

ZNotebook 
IZNotebook, 73-74 
NewList25, 76 
NewList29, 77 
UpdateMenus, 77 

ZWorksheet 
IZWorksheet, 269-272 
NewList24, 273 
NewList28, 273 
UpdateMenus, 274 

Modifying the Input/Output Code, 289-298 

N 
negLogs Lookup Table, 438 
New AppMaker resource file, 3 
New CWSEntry Class Code, 239-242 
New Generated Code for CChart, 375-379 
New Generated Code for CUser4, 370-371 
New Generated Code for DoChart, 371-373 
New Generated Code for ZChart, 373-375 
New Generated Code in CGraphWindow, 

367-370 
New Generated Code in ZCalcWindow, 170 
New Generated Code in ZEnsembleDoc, 

170,364-365 
New Generated Code in ZGraphWindow, 

36&-367 
NewFile Method, 33 
NewList Method Code, 172-173 
NewUser Method Code, 173 
NewUser4 Method Code, 367 
Notebook Dialog Construction, 59 

0 
Open Document Code, 97 

p 
ParseEntry Method Code, 221-224 
posLogs Lookup Table, 438 
Printing 

Worksheet Pagination, 469 
Printing Ensemble's Windows, 453-470 
Printing the CalcWindow's Pane, 463-470 
Printing the GraphWindow's Pane, 459-463 
Printing the MainWindow's Pane, 453-458 
Processing Events, 30-36 
ProviderChanged Method Code, 182-183, 

R 

217-218,308-311,369-370,377-
379 

Range2Rect Method Code, 447--450 
ReadData Method Code, 187, 294-295 
ReadStyles Method Code, 295-296 
ReadWSEntries Method Code, 190, 29&-

298 
Res Edit 

AETx #135 settings, 165 
AppMakerTMPL's installed, 153 
AppMaker's Resources, 152 
AppMaker's TMPL templates, 150-154 
AThl #137 settings, 160 
AThl #138 settings, 161 
BNDL 

selecting Extended View, 476 
BNDL #128 

all icons defined, 482 
APPL Icon family, 480 
default APPL Icons, 4 79 
deselecting Extended View, 478 
extended view, 477 
extended view modified, 4 77 
File Type Icon, 482 
modified APPL Icon, 480 
opening APPL Icon editor, 478 
opening file type editor, 481 

BNDL #128 default Icons, 476 
BNDL #128 entry, 476 
Bord #134 settings, 157 
Bord #136 settings, 158 
changing FREF # 129 name, 485 
changing the CalcWindow resources, 

150-165 
editing AETx resources, 163-164 
editing AThl resources, 158-160 
editing Bord resources, 155-158 
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Ensemble's AETx resources, 164 
Ensemble's ATbl resources, 159 
Ensemble's Bord resources, 156 
Ensemble's Pane resources, 162 
Ensemble's Resources, 4 75 
Ensemble's resources, 155 
FREF #129 chosen, 484 
Get Info Dialog, 490 
Get Resource Info command, 485 
Getlnfo, 489 
modified vers resource, 483 
opening AETx resources, 164 
opening ATbl resources, 159 
opening BNDL resources, 4 75 
opening Bord resources, 155 
opening FREF resource, 484 
opening Pane resources, 161 
opening vers resource, 483 
Pane #129 settings, 162 
Pane #130 settings, 163 
Pane #131 settings, 163 
Preferences resources, 153 

Revert Document Code, 104 
RoundDown Function Code, 438-439 
RoundUp Function Code, 439-441 

s 
Save Document As Code, 102 
Save Document Code, 100 
SetChartlnfo Method Code, 444 
Sizing the Font Name List, 114 
Sizing the Font Size List, 115 
Standard OK & Cancel Buttons, 75 

T 
TCLClasses 

CBartender, 26 
CClipboard, 26 
CCluster, 288 
CDecorator, 26 
CDesktop, 26 
CDialogDirector, 272 
CList, 288 
CSwitchboard, 27 

TCLMethods 
FrameToQDR, 179 

THINKC 
Add dialog 
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Add All, 147, 259, 353 
Done, 147, 259, 353 

adding source files, 14, 258-259 
bring project up to date, 15 
Build Application dialog, 487 
compilation, 15, 146-149 
compiling the ChartWindow code, 351-

358 
compiling the EditText code, 63-64 
compiling the Worksheet code, 259-261 
creating the initial project file, 12 
launching from project file, 146 
Make dialog 

Make, 149, 261, 358 
Quick Scan, 149, 260, 357 
Use Disk, 63, 148, 260, 357 

Moving Segments, 352-356 
Project 

Bring Up To Date, 259 
Run, 149 

Project Type dialog 
Changing Creator to Nsbl, 486 

removing source files, 15 
running a project, 17 
running Ensemble, 17, 149-150, 261-

262 
Source 

Add, 353 
Make, 63 

THINK C Pane Sizing Parameters, 151 
Toolbox Calls 

GetPenState, 179 
PenNormal, 1 79 
SetPenState, 179 

u 
UpdateMenus Method Code, 174, 180, 216, 

331,369,375,376,405 
User Draw Method Code, 178 
User IViewTemp Method Code, 178 
User NewUser Method Code, 179 

v 
Vertical Bar Chart Example, 421 
Viewing Tools as Text in AppMaker, 131 
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w 
Worksheet CCellData Object Declaration, 

286 
Worksheet Cell Entry Structure, 190 
Worksheet Dialog ViewID Definitions, 304 
Worksheet Print Pagination, 469 
Worksheet Window Example, 416 
WriteData Method Code, 192, 290-292 
WriteStyles Method Code, 292-293 
WriteWSEntries Method Code, 195, 293-

294 
WSCellEntry Structure, 190 
WSCellEntry structure 
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x 
X-Y Chart Example, 428 
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D Please send me one THINK C for $169 plus $8 shipping. Please add appropriate tax. 

0 Check 0 Visa/MasterCard/AMEX #: Exp Date: ___ _ 

Name: ____________ ~ 

Street:------------------- Phone: _______ _ 

City:-------------- State: Zip:---------

Country: ___________ _ 

Please mail check or credit payment to: Symantec Fulfillment Center, Attn: THINK C Prentice Hall 
Offer, PO Box 5224, Englewood, CO 80155-5224. Telephone orders: (800) 228-4122, ext. AH02. 
Offer valid until July 30, 1993. Please allow 2-3 weeks for processing your order. 

State Sales Tax: 3%(CO), 4%(GA,MI,NY), 4.5%(V A), 5%(AZ,IN,IA,MA,MD,OH,WI),5.725%(MO), 6%(CT,DC,FL,NJ ,PA), 
6.25%(1L,TX), 6.5%(MN,W A), 7 .25%(CA). Please also add local sales tax in AZ, CA, CO, GA, MN, NY, OH, TX, WA, WI, 
VA, Canada (7% ) 

Offer good in US and Canada only. Units not to be resold. All payments must be in US dollars and checks must be drawn on 
a US bank. 

TIIlNK, TIIlNK C and Symantec are trademarks of Symantec Corporation. ©1992 Symantec Corporation. All rights reserved. 



B•O•W•E•R•S 
Development 

Announcing 
"App Maker for the TCL" 

Get the advantages of AppMaker but pay for only TCL support! 
Buy AppMaker for the TCL for $99, save 2/3 off the AppMaker retail price 
Of $299 (AppMaker for the TCL generates code for Symantec's THINK Class Library). 

Add support for the complete language set for an additional $99. (Call 
for special Educational pricing). Adds support for THINK c and Pascal (procedural and 
object-oriented), MPW C and Pascal, MacApp, and A/UX. Additional add-on products are available 
for FOR1RAN and XVT. 

AppMaker Is a productivity tool: AppMaker generates your user interface code, 
letting you concentrate on coding your application. Users report saving weeks, even 
months of development time. 

AppMaker Is a prototyping tool: point and click to design your user interface. 
Present a user interface at a design meeting in the morning, have changes to the design 
coded by the afternoon. 

AppMaker Is a learning tool: use AppMaker, the THINK Class Library, and Rich 
Parker's book to learn THINK C or Object-Oriented Programming. 

Order Form - AppMaker for the TCL 

D Please send me AppMaker for the TCL for $99 plus $5 shipping. (Massachusetts residents please 
add $4.95 sales tax.) 

D Please send me support for the complete language set for $198 plus $5 shipping. (Massachusetts 
residents please add $9.90 sales tax.) (Call for Educational pricing). 

VISA/MasterCard#: _____________ Exp. Date~: ______ _ 

Name on Card: -----------Company: _________ _ 

Street:-------------- Phone:~----------

City: __________ State: __ Zip: ____ Country:. ____ _ 

Signature:--------------------------

Send Check or Money Order to: Bowers Development Corp., 97 Lowell Road, Concord, MA 
01742. Telephone Orders: 508-369-8175 or FAX orders: 369-8224. 

Offer good thru June 30, 1993. 
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Apple Macintosh 3-1/2" 800Kb disk 
By Richard 0. Parker Prentice-Hall 

YOU SHOULD CAREFULLY READ THE FOLLOWING TERMS AND CONDmONS BEFORE OPENING TIDS 
DISKETTE PACKAGE. OPENING THIS DISKETTE PACKAGE INDICATES YOUR ACCEPTANCE OF THESE 
TERMS AND CONDITIONS. IF YOU DO NOT AGREE WITH THEM, YOU SHOULD PROMPTLY RETURN THE 
PACKAGE UNOPENED, AND YOUR MONEY WILL BE REFUNDED. 

IT IS A VIOLATION OF COPYRIGHT LAW TO MAKE A COPY OF THE ACCOMPANYING SOFTWARE EXCEPT 
FOR BACKUP PURPOSES TO GUARD AGAINST ACCIDENTAL LOSS OR DAMAGE. 

Prentice-Hall, Inc. provides this program and licenses its 
use. You assume responsibility for the selection of the 
program to achieve your intended results, and for the in­
stallation, use, and results obtained from the program. This 
license extends only to use of the program in the United 
States or countries in which the program is marketed by 
duly authorized distributors. 

LICENSE 

You may: 

a. use the program; 

b. modify the program and/or merge it into another pro-
gram in support of your use of the program. 

LIMITED WARRANTY 

THE PROGRAM IS PROVIDED "AS IS" WITHOUT 
WARRANTY OF ANY KIND, EITHER EXPRESSED 
OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, 
THE IMPLIED WARRANTIES OF MERCHANTABIL­
ITY AND FITNESS FOR A PARTICULAR PURPOSE. 
THE ENTIRE RISK TO THE QUALITY AND PERFOR­
MANCE OF THE PROGRAM IS WITH YOU. SHOULD 
THE PROGRAM PROVE DEFECTIVE, YOU (AND NOT 
PRENTICE-HALL, INC. OR ANY AUTHORIZED DIS­
TRIBUTOR) ASSUME THE ENTIRE COST OF ALL 
NECESSARY SERVICING, REPAIR, OR CORRECTION. 

SOME STATES DO NOT ALLOW THE EXCLUSION 
OF IMPLIED WARRANTIES, SO THE ABOVE EX­
CLUSION MAY NOT APPLY TO YOU. THIS WAR­
RANTY GIVES YOU SPECIFIC LEGAL RIGHTS AND 
YOU MAY ALSO HAVE OTHER RIGHTS THAT VARY 
FROM STATE TO STATE. 

Prentice-Hall, Inc. does not warrant that the functions con­
tained in the program will meet your requirements or that 
the operation of the. program will be uninterrupted or error 
free. 

However, Prentice-Hall, Inc., warrants the diskette(s) on 
which the program is furnished to be free from defects in 
materials and workmanship under normal use for a period 
of ninety (90) days from the date of delivery to you as 
evidenced by a copy of your receipt. 

LIMITATIONS OF REMEDIES 

Prentice-Hall's entire liability and your exclusive remedy 
shall be: 

I. the replacement of any diskette not meeting Prentice­
Hall 's "Limited Warranty" and that is returned to 
Prentice-Hall with a copy of your purchase order, or 

2. if Prentice-Hall is unable to deliver a replacement 

diskette or cassette that is free of defects in materi­
als or workmanship, you may terminate this Agreement · 
by returning the program, and your money will be re­
funded. 

IN NO EVENT WILL PRENTICE-HALL BE LIABLE TO 
YOU FOR ANY DAMAGES, INCLUDING ANY LOST 
PROFITS, LOST SAVINGS OR OTHER INCIDENTAL 
OR CONSEQUENTIAL DAMAGES ARISING OUT OF 
THE USE OR INABILITY TO USE SUCH PROGRAM 
EVEN IF PRENTICE-HALL OR AN AUTHORIZED DIS­
TRIBUTOR HAS BEEN ADVISED OF THE POSSIBIL­
ITY OF SUCH DAMAGf.:S, OR FOR ANY CLAIM BY 
AN OTHER PARTY. 

SOME STATES DO NOT ALLOW THE LIMITATION 
OR EXCLUSION OF LIABILITY FOR INCIDENTAL OR 
CONSEQUENTIAL DAMAGES, SO THE ABOVE LIM­
ITATION OR EXCLUSION MAY NOT APPLY TO YOU. 

GENERAL 

You may not sublicense, assign, or transfer the license or the 
program except as expressly provided in this Agreement. 
Any attempt otherwise to sublicense, assign, or transfer 
any of the rights, duties, or obligations hereunder is void. 

This Agreement will be governed by the laws of the State 
of New York. 

Should you have any question concerning this Agreement, 
you may contact Prentice-Hall, Inc., by writing to: 

Prentice Hall 
College Division 
Englewood Cliffs, N.J. 07632 

Should you have any questions concerning technical sup­
port you may write to: 

Richard 0. Parker 
1004 Magnolia Avenue 
Modesto, CA 95350 

YOU ACKNOWLEDGE THAT YOU HAVE READ THIS 
AGREEMENT, UNDERSTAND IT, AND AGREE TO 
BE BOUND BY ITS TERMS AND CONDmONS. YOU 
FURTHER AGREE THAT IT IS THE COMPLETE AND 
EXCLUSIVE STATEMENT OF THE AGREEMENT BE­
TWEEN US THAT SUPERCEDES ANY PROPOSAL OR 
PRIOR AGREEMENT, ORAL OR WRITTEN, AND ANY 
OTHER COMMUNICATIONS BETWEEN US RELAT­
ING TO THE SUBJECT MATTER OF TIDS AGREE­
MENT. 

ISBN 0-13-092966-2 
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Ensemble Application Source Files for 
Emy Object Propnunta1 
for die Macintosh 
Ulins AppMaker™ and TillNK C™ 
by Richard 0. Parker 

•

C1993 Prentice-Hall, Inc. 
A Simon & Schuster Company 
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EasY- Object 
Programming_ 

for the Macintosh Using 
AppMaker"and THINK C"' 

Richard 0. Parker 
It is an excellent book that builds from beginning to end a nontrivial application 
in an evolutionary manner, showing all the steps along the way. 
-Spec Bowers, Bowers Development 

The author presents a new approach that takes much of the drudgery out of 
object-oriented programming on the Mac. 
-Kurt Schmucker, Apple-Advanced Technology Group 

This in-depth exploration of object-oriented programming in C shows readers 
how a complex application can be easily created in a step-by-step manner 
using state-of-the-art Macintosh tools. Ideal for professionals familiar with the 
basic concepts of C programming, the THINK Class Library, and the fundamen­
tal concepts underlying 0-0 programming. This tour-de-force of application 
development uses the following object-oriented techniques: 

• Describes the evolution of a complete, multipurpose, object-oriented 
application at various stages of object-oriented design and development. 

• Provides data flow diagrams that illustrate the dynamic structure of the 
application at various stages of object-oriented design and development. 

• Presents a great number of features in the THINK C Class Library with 
detailed descriptions and diagrams that illustrate the Library's structure and 
features. 

• Contains a detailed examination of the AppMaker code and features tutorials 
on how to use AppMaker to produce the various user interface elements for 
the window dialog boxes as well as the menus used in the application 

• Includes a Special Offer on AppMaker and THINK Cl 

About the Author 

Richard 0. P.irker has been an independent 
computer consultant for the past six years. He has 
written manuals and handbooks for high-tech 
computer companies such as Advanced Micro 
Devices, and has recently completed a user's 
manual for a major Macintosh programming tool. 

PRENTICE HALL 
Englewood Cliffs, NJ 07632 
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