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By the Way ..-1 We could also maintain the name of the appropriate class, instead of 
a prototype object. In this case, however, there are advantages to us­
ing prototype objects. First, we can share the same TShapeSketcher 
object among all the sketching tools that use that class. Second, the 
prototype objects can be initialized with the appropriate command 
numbers. To make the building block reusable, we should avoid us­
ing constants for the command ·numbers; instead, the command 
numbers will be stored in the prototype objects . . 

For our sketching tools, we need to register not only the command 
object but also the shape that the command sketches. In most cases, the 
command object will be an instance of TShapeSketcher, but sometimes 
it will be an instance of a TShapeSketcher subclass. TShapePalette has 
a method called RegisterSketcher that takes as parameters a prototype 
sketcher object and a prototype shape object. It saves these objects in 
two separate TList instances. 

The selection tool requires two separate entries in the tool palette, al­
though the user will see only a single tool. One entry is for the area se­
lection command object (usually an instance of TShapeSelector) and 
the other is for dragging the selection (usually an instance of TShape­
Dragger). The client registers prototypes of these command classes 
when the tool palette object is initialized. It is not necessary to have a 
separate instance of TShapePalette for each document. All the docu­
ments of a given type can share the same object. (Some applications 
might support different kinds of documents, in which case, each kind 
of document could require a different instance of TShapePalette, con­
taining a different set of command objects.) 

Finally, we can put all the pieces together. Since we are dealing en­
tirely with mouse commands, we will implement all the code for man­
aging the tool palette in TShapeViewHelper. TShapeViewHelper has 
a variable that refers to the TShapePalette object for that collection of 
shapes. It also has a variable to indicate the currently selected tool. 

TShape View Helper contains the methods DoSelectShapes to han­
dle the selection tool (shown in Listing 24-20), and DoSketchShape to 
handle a sketching operation (shown in Listing 24-21). 
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Listing 24-20. DoSelectShapes 

1: pascal TCorrrrnand* TShapeViewHelper::DoSelectShapes( 
2: Point* theMouse, 
3: Event!nfo* info, 
4: Point* /*hysteresis*/) 
5: 
6: /* Get the shape the user clicked in */ 
7: TShape* shape= this-> ShapeContainingPt(*theMouse); 
8: 
9: if (shape == NULL) /* Area selection */ 

10: return this-> NewSelector(info -> theShiftKey); 
11: 
12: else { /* Modify selection */ 
13: if (info -> theShiftKey) { 
14: if (shape-> IsSelected()) 
15: this-> DeselectShape(shape); 
16: 
17: 
18: 
19: 
20: 
21: 
22: 
23: 
24: 

else 
this-> SelectShape(shape); 

else if (! shape-> IsSelected()) 
this-> Deselect(); 
this-> SelectShape(shape); 

/* Select 1 shape */ 

25: /* At this point, we have modified the selection. Next, 
26: see if we should start dragging */ 
27: 
28: if (shape-> IsSelected()) 
29: return this -> NewDragger(shape, 
30: info -> theCmdKey); 
31: else 
32: 
33: 
34: 
35: 

return gNoChanges; /* Nope. Nothing to do */ 

36: pascal TCommand* TShapeViewHelper::NewSelector(Boolean 
shiftSel) 

37: { 

38: return fShapePalette -> CloneSelector(this, shiftSel); 
39: 
40: 
41: pascal TCommand* TShapeViewHelper::NewDragger(TShape* clicked, 
42: Boolean fullFeedback) 
43: 
44: return fShapePalette -> CloneDragger(clicked, 
45: this, fullFeedback); 
46: 
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Listing 24-21. DoSketchShape 

1: pascal TCommand* TShapeViewHelper::DoSketchShape( 
2: Point* /*theMouse*/, 
3: Eventinfo* info, 
4: Point* /*hysteresis*/, 
5: short whichTool) 
6: 
7: this-> Deselect(); 
8: return this-> NewSketcher(whichTool, info-> theShiftKey); 
9: /* Clone the appropriate sketcher */ 

10: 
11: 
12: pascal TCommand* TShapeViewHelper::NewSketcher(short 

whichTool, 
13: Boolean shiftConstrain) 
14: 
15: return fShapePalette -> CloneSketcher(whichTool, 
16: this, shiftConstrain); 
17: 

DoSketchShape calls the NewSketcher method (line 8) to create a 
new sketcher object. Defining this method allows the programmer to 
override NewSketcher and supply a sketcher object in a different way. 
Normally, however, we want to get a copy of the prototype sketcher ob­
ject from the palette. TShapePalette::CloneSketcher retrieves the appro­
priate objects from the list of prototype commands and shapes, makes 
copies of the objects, and returns an initialize sketching command. 

Last, we can implement TShapeViewHelper::DoMouseCommand, 
as shown in Listing 24-22. This is the method that the client's view ob­
ject will call from its DoMouseCommand. 

Listing 24-22. DoMouseCommand 

1: pascal TCommand* TShapeViewHelper::DoMouseCommand(Point* 
theMouse, 

2: Eventinfo* info, 
3: Point* hysteresis) 
4: 
5: if (fCurrentTool == kSelectTool) 
6: return this -> DoSelectShapes(theMouse, info, 

hysteresis); 
7: else 
8: return this -> DoSketchShape(theMouse, info, 
9: hysteresis, fCurrentTool); 

10: 
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The instance variable fCurrentTool is an integer that records the se­
lected tool in the current drawing. It is maintained in the TShapeView­
Helper class because different windows might have different tools 
selected. 

As you can see, all the work we put into defining mouse handling in 
the building block finally paid off in the form of a very short DoMouse 
Command method. In general, you will find that an object-oriented 
program will contain many small methods, rather than a few large 
ones. In fact, one might argue that the DoSelectShapes method we 
wrote is too large and should be broken into separate methods. 

~ Summary 
In this chapter, we added three mouse-driven commands to the sample 
program. ExampleDraw can now create new shapes, select them, and 
move them around. 

In Chapter 25, we finish the ExampleDraw program by adding sup­
port for documents, filtered commands and the Clipboard. 



25 ~ Documents, Filters, and the 
Clipboard 

In the previous chapter, we implemented several commands in the 
graphics building block. Here, we will add the final features to the 
graphics building block. These features fall into three categories: read­
ing and writing documents, command filtering, and Clipboard support. 

.._ Reading and Writing Documents 
Just as MacApp does not dictate how you represent your data in mem­
ory, it does not dictate how your data are saved into a disk file. This 
gives you the flexibility of choosing any disk format you like. Unfortu­
nately, it also means you are totally responsible for writing the code to 
read and write that format. The general problem involves translating 
your data structures as they exist in memory to the desired disk format 
and back again. In the case of the graphics building block, the in­
memory structure consists of a list of shape objects. Each shape consists 
of two pattern objects, a frame size, and other information specific to 
that kind of shape. 

Our job is relatively easy for two reasons. First, in Chapter 22 we im­
plemented the class TFileStream, which can write objects to a file and 
read them back again. Second, we decided to store copies of pattern ob­
jects in each shape, rather than sharing the pattern objects among all 
the shapes. The lack of shared data makes it easier to read and write 
the shape objects. 

535 
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We use the same implementation strategy we have used before. 
TShape implements low-level reading and writing methods, which 
handle I/O for a single .shape. TShapeList implements higher-level 
methods that handle the entire list of shapes. Since both TShape and 
TShapeList are subclasses of TStreamObject, the necessary methods 
(ReadFrom and WriteTo) are already defined; all that is necessary is to 
override them. 

IJJi> Low-Level Methods 

First, we will implement ReadFrom and WriteTo in class TShape. Each 
method has one parameter, which is a stream, and is responsible for 
reading or writing the data defined in TShape. These data consist of 
the interior and frame patterns and the frame size. Since the frame size 
is a Point, we can read and write it using the appropriate TStream 
method (either ReadPoint or WritePoint). The pattern fields are objects 
descended from TStreamObject and can be handled by the 
TStream::Read-StreamObject and TStream::WriteStreamObject meth­
ods. The implementations of TShape::ReadFrom and TShape::WriteTo 
are shown in Listing 25-1. 

Listing 25-1. TShape::ReadFrom and WriteTo 

1: pascal void TShape::ReadFrom(TStream* aStream) 
2: { 
3: 
4: 
5: 
6: 

finteriorPattern = NULL; 
fFramePattern = NULL; 
TStreamObject* aPattern = NULL; 

7: TRY { 
8: Boolean known; 
9: 

10: aPattern = aStream -> ReadStreamObject(known); 
11: this-> SetinteriorPattern((TQuickDrawPattern*)aPattern); 
12: /* Uses a default if passed NULL */ 
13: 
14: FreeifObject (aPattern); /* Shape made a private copy */ 
15: aPattern =NULL; /* So failure handler doesn't free it */ 
16: 
17: aPattern = aStream -> ReadStreamObject(known); 
18: this-> SetFramePattern((TQuickDrawPattern*)aPattern); 
19: 
20: FreeifObject(aPattern); 
21: aPattern =NULL; 
22: 
23: Point frameSize = aStream -> ReadPoint(); 
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24: this-> SetFrarneSize(frarneSize); 
25: 
26: /* Initialize the other fields */ 
27: this-> SetSelection(FALSE); 
28: this-> RememberSelection(); 
29: this -> SetFilter (NULL); 
30: 
31: 
32: EXCEPT 
33: FreeifObject(aPattern); 
34: this-> Free(); /*Free the object so caller need not*/ 
35: 
36: 
37: ENDTRY 

38: 
39: 
40: pascal void TShape::WriteTo(TStrearn* aStrearn) const 
41: { 
42: 
43: 
44: 
45: 

aStrearn -> WriteStrearnObject(this -> GetinteriorPattern()); 
aStrearn -> WriteStrearnObject(this -> GetFrarnePattern()); 
aStrearn -> WritePoint(this -> GetFrarneSize()); 

One thing to note is that the SetlnteriorPattern (line 11) and Set­
FramePattern (line 18) methods make a copy of their parameters. Recall 
from Chapter 23 that each shape object contains private copies of its 
pattern objects. That is why ReadFrom frees aPattern on lines 14 and 20. 

This is our first example of using a stream. We should note three 
things that apply to most uses of streams. First is the similarity be­
tween the ReadFrom and WriteTo methods; both process the fields in 
exactly the same order. It is important to keep the reading and writing 
methods synchronized so that the writer outputs the same data that the 
reader expects to input. 

Second, notice how we handled the pattern objects to which the 
shape refers. The shape object is responsible for reading and writing 
the pattern objects to which it refers. In this case, TQuickDrawPattern 
is a subclass of TStreamObject, so the pattern instances are handled by 
calls to ReadStreamObject (lines 10 and 17) and WriteStreamObject 
(lines 42 and 43). 

Finally, notice that the reader is responsible for initializing all the 
fields of the object. TShape::ReadFrom is called with a totally uninitial­
ized object. Most of the fields are read from the stream, but some are 
initialized to standard values. In our program, shapes are initialized to 
be deselected. We could write the selection state into the stream as 
well, in which case the same shape would be selected when all the 
shapes were later read into memory. 
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I By The Way ., I 

Listing 25-1 also uses a private failure handler. You must define a pri­
vate failure handler in methods that allocate memory; if an error occurs 
during the method's execution, the failure handler will be called and it 
can free any memory that was already allocated. In this case, the Read­
From method allocates a pattern object that may need to be deallocated. 

Failure handlers are set up using the macros TRY, EXCEPT, and 
ENDTRY. TRY establishes a failure handler. Then the statements after 
TRY are executed. If they succeed, control passes to the statement after 
ENDTRY. 

If, however, the statements after TRY do not execute successfully, 
control passes to the statements folowing the label EXCEPT. These 
statements generally perform any necessary cleaning up, such as free­
ing allocated objects. When the EXCEPT clause finishes, the same fail­
ure is signalled and the next handler in the chain executes. Eventually, 
control reaches the main event loop, at which time MacApp displays 
an error message and continues. 
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Listing 25-1 demonstrates two techniques you should use when writ­
ing your failure handlers. The first technique helps your failure han­
dler determine what objects need to be freed. Notice that 
TShape::ReadFrom initializes the variable aPattern to NULL on line 5. 
The failure handler, called HandleReadShape, will free the object to 
which aPattern refers, provided it is not NULL (line 33). The MacApp 
utility procedure FreelfObject is useful in this case. FreelfObject tests 
whether its parameter is a valid object and, if so, frees it. (NULL is not 
a valid object.) 

Also notice on lines 15 and 21 that ReadFrom sets aPattern back to 
NULL. This is necessary because it freed the pattern object on the pre­
vious lines, and we don't want the failure handler to attempt to free the 
object again. 
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Freeing an object twice is a common mistake in Macintosh program­
ming. Normally, this results in a corrupted heap, which will eventu­
ally crash the application. Usually, the crash occurs some time after 
the heap is corrupted, which makes tracking down the problem es­
pecially difficult. A related problem occurs when one part of your 
program frees an object, but another part tries to use the now-freed 
object. Even though you may have freed an object, other parts of 
your program could still refer to the object. It is important to realize 
that freeing an object does not set all references to that object to 
NULL. 

MacApp tries to catch this mistake at the time it occurs. When you 
build a debugging version of your program, MacApp performs an 
additional check each time you call a method. It checks that the object 
receiving the message is a valid object and that it has not been freed. 
If the object is invalid, MacApp will report an error in the debugging 
window. If you call the Free method with the same object twice, for 
example, the second method call will be reported as an error. 

This doesn't completely~liminate the problem, however. The test­
ing MacApp dc>es is not foolproof. Also, if you free an object and 
then allocate a new object, the Macintosh Memory Manager may 
reuse the same memory space. If your program has mistakenly kept 
a reference to the old object, it will be confused when it tries to use 
that object. MacApp won't catch this mistake because the object will 
appear to be valid; it just won't be the object your program expects. 

The second technique you should use when writing failure handlers 
is applicable to methods, such as ReadFrom, that initialize an object. By 
convention, objects you define should free themselves if their initializa­
tion method fails (line 34). This convention eliminates the need for the 
creator of the object to catch the failure. Since there are more places that 
create objects in a program than initialization methods, this convention 
also reduces the code size. 

At the next level in the building block, we need methods to read and 
write the whole collection of shapes. In the same way that shape and 
pattern objects read and write themselves, instances of TShapeList 
should read and write themselves. The writing method is relatively 
simple, as you can see in Listing 25-2. 
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Listing 25-2. WriteTo 

1: pascal void WriteShape(TShape* aShape, void* aStream) 
2: { 
3: ((TStream*)aStream) -> WriteStreamObject(aShape); 
4: 
5: 
6: pascal void TShapeList::WriteTo(TStream* aStream) const 
7: { 
8: 
9: 

10: 

aStream -> WriteLong(fNumShapes); 
this-> EachShapeDo(&WriteShape, aStream); 

This method first writes the number of shapes (line 8) and then 
writes the individual shapes (line 9). The reason for writing the number 
of shapes is so that the output format does not rely on reaching the end 
of the stream to recognize the end of the shape list. This allows us the 
flexibility to write other data into the stream after the list of shapes. 

Reading the shape list is complicated by the need to handle errors. If 
an error occurs, we want to restore the shape list to its original form. 
Listing 25-3 shows how to deal with this. 

Listing 25-3. ReadFrom 

1: void TShapeList::ReadFrom(TStream* aStream) 
2: { 
3: Array!ndex numberOfShapes; 
4: aStream -> ReadBytes(&numberOfShapes, sizeof(Array!ndex)); 
5: 
6: Arrayindex oldListSize = fNumShapes; 
7: 
8: TStreamObject* newShape = NULL; 
9: 

10: TRY { 
11: for (Arrayindex i = l; i <= numberOfShapes; i++) { 
12: Boolean known; 
13: 
14: newShape = aStream -> ReadStreamObject(known); 
15: if (newShape != NULL) 
16: this-> AddShape((TShape*)newShape); 
17: 
18: 
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19: EXCEPT' { 
20: FreeifObject(newShape); 
21: /* Free already-added shapes */ 
22: if (oldListSize == 0) /* Special case: free all shapes */ 
23: this -> FreeData(); 
24: 
25: else { /* Free each shape we added. */ 
26: Arrayindex currListSize = this -> GetNumberOfShapes(); 
27: 
28: for ( Arrayindex number = oldListSize+l; 
29: number < currListSize; 
30: number++ ) 
31: this-> RemoveShape((TShape*) (fList ->Last())); 
32: 
33: 
3 4 : ENIYI'RY 

35: 

There are two places where an error might occur. First, we could get 
an error from ReadStreamObject (line 14) trying to read the next shape 
object. Second, we could get an error trying to add the new shape to 
the list, in which case (line 16) the shape will have been created but not 
entered into the list. The only reference to the new shape will be 
through the variable newShape, which is why the exception handler 
frees that object (line 20). 

If an error does occur, then the error handler frees the new shape, if 
necessary, and then frees the shapes that were already added to the list. 
TShapeList::ReadFrom optimizes the common case (line 22) where the 
shape list started out empty. It calls the method TShapeList::FreeData, 
which frees all the shapes. Otherwise, it deletes shapes from the end of 
the list, until the list returns to its original size (lines 26-31). 

~ DoRead, DoWrite, and DoNeedDiskSpace 

The final step in our design is to implement the methods that call 
TShapeList::ReadFrom and WriteTo. In every MacApp program, three 
methods in TDocument are responsible for all document input/ 
output. These are DoRead, DoWrite, and DoNeedDiskSpace. In the 
graphics building block, we will implement these functions in the 
TShapeList class. A program using the building block calls these meth­
ods from its corresponding document methods. Each of these methods 
has the same structure. It creates a stream object, calls either the Read­
From or WriteTo method of TShapeList, and frees the stream object. 
(See Listing 25-4.) 
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Listing 25-4. DoRead, DoWrite, and DoNeedDiskSpace 

1: pascal void TShapeList::DoRead(short aRefnum) 
2: { 

3: TFileStream* fileStream =new TFileStream; 
4: FailNIL(fileStream); 
5: fileStream -> IFileStream(aRefnum); 
6: 
7: TRY 

8: this-> ReadFrom(fileStream); 
9: EXCEPT 

10: fileStream ->Free(); 
11: ENDTRY 

12: 
13: fileStream ->Free(); 
14: 
15: 
16: pascal void TShapeList::DoWrite(short aRefnum) const 
17: { 

18: TFileStream* fileStream =new TFileStream; 
19: FailNIL(fileStream); 
20: fileStream -> IFileStream(aRefnum); 
21: 
22: TRY 

23: this-> WriteTo(fileStream); 
24: EXCEPT 

25: fileStream ->Free(); 
26: ENDTRY 
27: 

28: fileStream ->Free(); 
29: 
30: 
31: pascal void TShapeList::DoNeedDiskSpace( long* dataForkBytes, 
32: 
33: 

long* /*rsrcForkBytes*/) 

34: TCountingStream* countingStream = new TCountingStream; 
35: FailNIL(countingStream); 
36: countingStream -> ICountingStream(); 
37: 
38: TRY 

39: this-> WriteTo(countingStream); 
40: EXCEPT 

41: countingStream ->Free(); 
42: ENDTRY 

43: 
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44: dataForkBytes = dataForkBytes + countingStream -> GetSize(); 
45: 
46: countingStream ->Free(); 
47: 

In each method, we set up a failure handler to ensure that the stream 
is freed in the event of an error. 

Notice that the implementation of DoNeedDiskSpace is very simple. 
You don't have to implement a special method to estimate the disk 
space required by the shapes because you can use the same method 
that DoWrite uses to save the shapes (TShapeList::WriteTo). Since the 
same method is used in both DoNeedDiskSpace and DoWrite, we can 
be sure that DoNeedDiskSpace computes the exact number of bytes 
needed. 

IJii> Filtered Commands 
In Chapter 24, we implemented commands for sketching new shapes 
and moving one or more shapes. It was easy to undo each of these 
commands because their actions were reversible. In the first case, we 
removed the new shape from the collection of shapes; in the second, 
we moved the shapes the same distance in the opposite direction. Some 
commands, however, are not so easily reversible. 

For example, consider the command that changes the interior pattern 
in the selected shapes. Reversing this change requires that we restore 
the original pattern in each shape. Since each shape may have started 
with a different interior, we would need to save the original pattern be­
fore making the change, in order to restore it. The amount of memory 
required to save all the patterns is unbounded and is proportional to 
the number of shapes in the selection. Another command that is not 
easy to reverse is the Bring to Front command, which positions the se­
lected shapes in front of the other shapes. For this we need to remem­
ber the position of each selected shape within the list of shapes. Essen­
tially, we would have to duplicate the entire list of shapes. 

Both cases present the same problem. If we change the internal data 
structures to perform the command, it is difficult to restore the struc­
tures to their original form. Fortunately, we can use another technique, 
known as filtering, to implement this kind of command efficiently. In­
stead of changing the internal data structures, we simply draw the data 
as if the change had been made. Undoing the so-called change becomes 
simple, because the data structures were never changed. 
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For example, the command that changes the interior pattern will 
create a filter that applies to the selected shapes. Those shapes will be 
drawn using the new pattern instead of the pattern contained in the 
shape object. If the command is undone, then all we have to do is re­
move the filter and the shapes will be displayed with their original pat­
tern. Think of the shape objects as 35mm slides and the view as a 
screen. The process of drawing the shapes in the view corresponds to 
projecting the slides on the screen. One way to change the appearance 
of the slide is to add a filter between the slide and the screen. To restore 
the original appearance, we simply remove the filter . 

Let's look at a computer example. Suppose we have the two shape 
objects shown in the left half of Figure 25-1 , which produce the display 
shown in the right half. 

The user changes the shapes' interiors to white. Instead of changing 
the shape objects, we add a filter between the objects and the view, 
which makes the shapes look white in the view. This is shown in Fig­
ure 25-2. 

TOval 

flnteriorPattern. black 

TRectangle 

flnteriorPattern. gray 

Shape Objects View 

Figure 25-1. Two shapes without a filter 

TOval 

:=o Filter: flnteriorPattern. black 

Change 

TRectangle Interior 
to white 

flnteriorPattern. gray 

Shape Objects View 

Figure 25-2. Filtering the shapes' interiors 
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To undo the change, all we have to do is remove the filter, which will 
result in the original situation shown in Figure 25-1. Here is another 
way to think of this technique. We fool the user into believing that the 
command was done. To the user, the shapes look changed, even 
though the internal objects are the same. We cannot keep up this cha­
rade indefinitely, however; at some point we have to change the shape 
objects. Since the purpose of the filter is to help us implement Undo, it 
follows that the filter is no longer needed when the command cannot 
be undone. This happens just before the next command is performed 
and is known as committing the command. 

In our example, the Change to White command will be committed 
when it can no longer be undone. When this happens, the interior pat­
terns in the shape objects will be changed to white and the filter will be 
removed. This result is shown in Figure 25-3. Notice that only the inter­
nal data structures change; the user sees the same image in the view. 

TOval l 

D f/nteriorPattem. white I 
TRectangle l 
flnteriorPattem. white r 
Shape Objects View 

Figure 25-3. After committing the command 

Filtering could apply as easily to the list of shapes as to the individual 
shape objects. For example, consider the implementation of the Bring to 
Front command. One approach is to rearrange the list at the time the 
command is performed. Undoing this command, however, would re­
quire remembering the exact position of each shape within the list. 

With a filter, the implementation is much simpler. The Bring to Front 
command would set up a filter that modifies the way the shape list se­
quences through the list of shapes. Normally, the shapes are processed 
in order, with the frontmost shape processed last. 

The Bring to Front filter would process the shapes unaffected by the 
command first and then the shapes affected by the command. Since the 
frontmost shapes are processed last, this produces the effect of the 
Bring to Front command. 
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~ Filtering Shapes 

Now we will show how to implement filtering, first for individual 
shapes. Any of the attributes of a shape are eligible for filtering includ­
ing its interior and frame patterns, its frame size, and its geometric def­
inition. We will define a TShapeFilter class, which can filter any of 
these attributes and subclasses of TShapeFilter, which implement par­
ticular kinds of filters. 

TShapeFilter will have one method for each attribute that it can po­
tentially filter. These methods are FilterlnteriorPattem, FilterFrame­
Pattem, FilterFrameSize, and FilterGeometricBounds. Each of these 
methods has one reference parameter. The shape's attribute is passed 
to the method, which can modify the attribute if it wants to filter it. The 
implementations of these methods in the TShapeFilter class do noth­
ing, which means no filtering occurs. Each subclass of TShapeFilter 
overrides the method corresponding to the attribute it is filtering. For 
example, the class TlnteriorFilter overrides the FilterlnteriorPattem 
method and substitutes the pattern in its fNewPattern instance variable 
for the parameter. This is shown in Listing 25-5, line 4. 

Listing 25-5. Overriding FilterlnteriorPattern 

1: pascal void TinteriorFilter::FilterinteriorPattern( 
2: const TQuickDrawPattern*& interiorPattern) const 
3: 
4: interiorPattern = fNewPattern; 
5: 

Since TlnteriorFilter does not override any of the other filtering 
methods, it does not filter any of those attributes. 

The filter must be applied when you access any attribute of TShape. 
You will recall from Chapter 23 that we defined methods in TShape to 
access its attributes and made the instance variables private to the 
class. Now you can see the value of this design decision. 

To ensure that the filter object is available, we will add a field to 
TShape to contain the current filter. Although this adds 4 bytes to each 
shape object, it greatly simplifies the implementation. 
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There are other implementation alternatives. You can pass the filter 
object to any method that needs it, or you can use a global variable 
to refer to the filter. The first alternative clutters up the implementa­
tion, while the second makes it more difficult to handle multiple 
documents. You have to weigh these disadvantages and decide 
which alternative best suits your application. 

Listing 25-6 gives the implementation of TShape.GetlnteriorPattem. 

Listing 25-6. GetlnteriorPattern 

1: pascal const TQuickDrawPattern* TShape: :GetinteriorPattern 
() const 

2 : { 
3 : const TQuickDrawPattern* pattern = finteriorPat t ern ; 
4 : 
5 : if (this - > IsFi l tered()) / * Apply filte r */ 
6: fShapeFilter - > FilterinteriorPattern(pattern) ; 
7 : 
8 : return pattern; 
9 : 

GetlnteriorPattem calls the method IsFiltered on line 5. This method 
returns true if the last command affected this shape (that is, it was se­
lected) and the shape has a filter. If the shape is being filtered, then we 
give the filter object a chance to change the pattern (line 6). The imple­
mentation of TShape::lsFiltered is as follows: 

1: pascal Boolean TShape :: IsFiltered() const 
2 : { 
3: return (this - > WasSe lected () ) && (fShapeFi lter !=NULL) ; 
4 : 

As we have said, when the user performs the next command, we 
have to commit the filtered command. This requires changing the 
shape objects and removing the filter. We will implement this with the 
CommitFilter method in TShape. The code for this is: 
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1: pascal void TShape::CommitFilter() 
2: { 
3: if (this-> IsFiltered()) /*Change the shape*/ 
4: fShapeFilter -> CommitChangeTo(this); 
5: 
6: fShapeFilter = NULL; 
7: 

/* Forget about filter */ 

Since the shape has no idea of what kind of filter it contains, Com­
mitFilter must call a method of the filter object, CommitChangeTo, to 
apply the change to the shape. In the case of TlnteriorFilter, this 
method simply sets the interior pattern with the following code: 

1: pascal void TinteriorFilter::CommitChangeTo(TShape* aShape) 
const 

2: 
3: aShape -> SetinteriorPattern(fNewPattern); 
4: 

We now have the mechanism to apply a filter to any set of shape ob­
jects. All that remains is to implement a command object that handles 
the filter. Since the filter object contains the knowledge of what attrib­
ute is being filtered, we only need a single command class to handle 
any kind of filter. The TShapeChanger class contains a reference to the 
filter object. To perform the command, it stores the filter in each af­
fected shape object; to undo the command it removes the filter from the 
shapes. To commit the command, it calls TShape::CommitFilter for 
each shape in the list. The implementation of TShapeChanger is shown 
in Listing 25-7. 

Listing 25-7. TShapeChanger 

1: pascal void TShapeChanger::Doit() 
2: { 
3: fShapeList -> RememberSelection(); 
4: if (fShapeFilter != NULL) 
5: this -> SetFilter(fShapeFilter); 
6: 
7: 
8: pascal void TShapeChanger::Undoit() 
9: { 

10: this-> SetFilter(NULL); 
11: 
12: 

/* Install filter */ 

/* Remove filter */ 
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13: pascal void TShapeChanger::Redoit() /*override*/ 
14: { 
15: 
16: 
17: 
18: 

if (fShapeFilter != NULL) 
this-> SetFilter(fShapeFilter); /* Install filter */ 

19: pascal void ComrnitAShape(TShape* aShape, void* /* unused */) 
20: { 
21: aShape -> ComrnitFilter(); 
22: 
23: 
24: pascal void TShapeChanger::Comrnit() /*override*/ 
25: { 
26: if (fShapeFilter != NULL) 
27: fShapeList -> EachShapeDo(&ComrnitAShape, this); 
28: 
29: 
30: pascal void TShapeChanger::SetFilter(TShapeFilter* 

itsShapeFilter) 
31: { 
32: /* Turn off highlighting because we're changing the 

selection. 
33: We need to focus before doing this. */ 
34: if (fView ->Focus()) 
35: fShapeViewHelper -> DoHighlightSelection(hlOn, hlOff); 
36: fShapeList -> RestoreSelection(); 
37: fShapeViewHelper -> SetShapeFilter(itsShapeFilter); 
38: 

The method TShapeViewHelper::SetShapeFilter (shown in Listing 
25-8) changes the filter in each affected shape and invalidates those 
shapes so they'll be redrawn. 

Listing 25-8. SetShapeFilter 

1: struct SetShapeFilterinfo 
2: TView* fView; 
3: TShapeFilter* newFilter; 
4: } ; 
5: 
6: pascal void SetFilterinShape(TShape* aShape, void* infoStruct) 
7: { 
8: SetShapeFilterinfo* info= (SetShapeFilterinfo*)infoStruct; 
9: 

10: /* Only process affected shapes */ 
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11: if (aShape -> WasSelected()) { 
12: aShape -> Invalidate (info -> fView) ; /* Old position *I 
13: aShape -> SetFilter(info -> newFilter); /*Set filter*/ 
14: aShape -> Invalidate(info -> fView); /* New position */ 
15: 
16: 
17: 
18: pascal void TShapeViewHelper::SetShapeFilter( 
19: TShapeFilter* newFilter) 
20: 
21: SetShapeFilterinfo info; 
22: info.fView = fView; 
23: info.newFilter = newFilter; 
24: 
25: fShapeList -> EachShapeDo(&SetFilterinShape, &info); 
26: 

Since SetShapeFilter cannot tell whether the filter affects the shape's 
bounds, it must invalidate the shape using both the old and new filters. 
Also note that we change the filter only in the shapes affected by the 
command. These are the shapes for which WasSelected returns true. 

Using a shape filter in an application is fairly simple. If the user 
wants to change the interior pattern of the selection, we create in­
stances of TlnteriorFilter and TShapeChanger, and return the shape 
changer command to MacApp. MacApp will then call the methods 
Dolt, Undolt, and so forth, as appropriate. To encapsulate this process 
in the building block, we will add a method to TShape View Helper, 
called ChangelnteriorPattem. This is shown in Listing 25-9. 

Listing 25-9. ChangelnteriorPattern 

1: pascal TCormnand* TShapeViewHelper::ChangeinteriorPattern( 
2: CmdNumber aCmdNumber, 
3: canst TQuickDrawPattern* newinterior) 
4: 
5: TinteriorFilter* interiorFilter = new TinteriorFilter; 
6: FailNIL(interiorFilter); 
7: interiorFilter -> IInteriorFilter(newinterior); 
8: 
9: return this -> CreateShapeChanger(aCmdNumber, 

10: 
11: 

interiorFilter); 
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12: pascal TCormnand* TShapeViewHelper::CreateShapeChanger( 
13: CmdNurnber aCmdNurnber, 
14: 
15: 

TShapeFilter* itsFilter) 

16: TShapeChanger* shapeChanger = NULL; 
17: 
18: TRY { 

19: shapeChanger = new TShapeChanger; 
20: FailNIL(shapeChanger); 
21: shapeChanger -> IShapeChanger(aCmdNurnber, this, 

itsFilter); 
22: 
23: EXCEPI' 
24: itsFilter ->Free(); /*Free filter so caller need not*/ 
25: ENDTRY 

26: 
27: return shapeChanger; 
28: 

ChangelnteriorPattem creates an instance of TlnteriorFilter and 
calls TShapeViewHelper::CreateShapeChanger (line 9). CreateShape­
Changer creates an instance of TShapeChanger, given the appropriate 
filter. It also handles the case where the command object can't be allo­
cated (line 24). In that case it frees the filter object, so that the caller 
doesn't have to. 

_., Filtering the Shape List 

In addition to filtering individual shapes, we also need a mechanism to 
filter the entire list of shapes. The purpose of the shape list filter is to 
change the order in which the shapes are processed. This is a simpler 
problem than filtering individual shapes, since there is only one attrib­
ute, the ordering of the list, being filtered. We will use the same design 
approach we used for filtering shapes. First, we will define the TShape­
ListFilter class. TShapeListFilter implements a method called Each­
ShapeDo, which does the actual filtering. We use the filter in the im­
plementation of TShapeList::EachShapeDo. (See Listing 25-10.) 

Listing 25-10. EachShapeDo 

1: pascal void TShapeList::EachShapeDo(DoToShapeProc DoToShape, 
2: void* staticLink) const 
3: 
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4: if (fShapeListFilter != NULL) /* Filter the list */ 
5: fShapeListFilter -> EachShapeDo(DoToShape, staticLink); 
6: 
7: else /* Iterate over all the shapes without the filter */ 
8: this-> UnfilteredEach(DoToShape, DoToShape_StaticLink); 
9: 

If the filter is not NULL, TShapeList calls the filter to sequence 
through the list (line 5). Otherwise it calls the method UnfilteredEach 
(line 8), in order to sequence through the shapes in the list. 

The default implementation of TShapeListFilter.EachShapeDo (see 
Listing 25-11) simply sequences through all the shapes, which results 
in no filtering. Later, we will define specific subclasses of TShapeList­
Filter to override EachShapeDo. To implement these classes, TShape­
ListFilter defines two utility methods, AffectedShapesDo and Unaf­
fectedShapesDo. These methods sequence through the shapes affected 
or unaffected by the filter. The implementations of these methods are 
also shown in Listing 25-11. 

Listing 25-11. TShapelistFilter.EachShapeDo 

1: struct DoToShapeinfo { 
2: DoToShapeProc DoToShape; 
3: void* DoToShape_StaticLink; 
4: } ; 
5: 
6: pascal void TShapeListFilter::EachShapeDo(DoToShapeProc 

DoToShape, 
7: void* staticLink) const 
8: 
9: fShapeList -> UnfilteredEach(DoToShape, staticLink); 

10: 
11: 
12: pascal void DoToAffectedShape(TShape* aShape, void* theinfo) 
13: { 
14: 
15: 
16: 
17: 
18: 
19: 
20: 

DoToShapeinfo* info= (DoToShapeinfo*)theinfo; 
if (aShape -> WasSelected()) 

TShapeList::CallDoToShape( aShape, 
info -> DoToShape_StaticLink, 
info-> DoToShape); 

21: pascal void TShapeListFilter::AffectedShapesDo( 
22: DoToShapeProc DoToShape, 
23: void* DoToShape_StaticLink) const 
24: 
25: DoToShapeinfo info; 
26: info.DoToShape = DoToShape; 
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27: info.DoToShape_StaticLink = DoToShape_StaticLink; 
28: 
29: fShapeList -> UnfilteredEach(&DoToAffectedShape, & info); 
30: 
31: 
32: pascal void DoToUnaffectedShape{TShape* aShape, void* theinfo) 
33: { 
34: DoToShapeinfo* info = (DoToShapeinfo*)theinfo; 
35: if (! aShape -> WasSelected()) 
36: TShapeList: : CallDoToShape ( aShape, 
37: info -> DoToShape_StaticLink, 
38: info-> DoToShape); 
39: 
40: 
41: pascal void TShapeListFilter::UnaffectedShapesDo( 
42: DoToShapeProc DoToShape, 
43: void* DoToShape_StaticLink) const 
44: 
45: DoToShapeinfo info; 
46: info.DoToShape = DoToShape; 
47: info.DoToShape_StaticLink = DoToShape_StaticLink; 
48: 
49: fShapeList -> UnfilteredEach(&DoToUnaffectedShape, &info); 
50: 

(Note that the structure DoToShapelnfo is the same as was shown in 
Listing 24-5.) 

Notice that in lines 9, 29, and 49, the filter object calls the method 
TShapeList::UnfilteredEach. This method sequences through the ac­
tual shapes in the shape list without applying the filter. If instead we 
had called TShapeList::EachShapeDo, the result would be an infinite 
recursion. The filter would call TShapeList::EachShapeDo, which 
would call the filter, and so on. 

Using these two utility methods you can implement a variety of fil­
ters. For example, we mentioned the Bring to Front command earlier in 
this section. A filter for this command would be implemented as 
shown in Listing 25-12. 

Listing 25-12. TFrontFilter 

1: pascal void TFrontFilter::EachShapeDo( DoToShapeProc 
DoToShape, 

2: 
3: 

void* staticLink) const 

4: /* Process the affected shapes last to bring them forward */ 
5: this-> UnaffectedShapesDo(DoToShape, staticLink); 
6: this-> AffectedShapesDo(DoToShape, staticLink); 
7: 
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The Send to Back command would use a similar filter (see Listing 25-
13); the only difference is the order of the calls to AffectedShapesDo 
and UnaffectedShapesDo. 

Listing 25-13. TBackFilter 

1: pascal void TBackFilter::EachShapeDo( DoToShapeProc DoToShape, 
2: void* staticLink) canst 
3: 
4: /* Process the affected shapes last to send them backward */ 
5: this-> AffectedShapesDo(DoToShape, staticLink); 
6: this-> UnaffectedShapesDo(DoToShape, staticLink}; 
7: 

The final example is a filter that removes the selected shapes from 
view, which will be used in the next section to implement the Cut and 
Clear commands. Its code follows: 

1: pascal void TClearFilter::EachShapeDo( DoToShapeProc 
DoToShape, 

2: 
3: 

void* staticLink} canst 

4: this-> UnaffectedShapesDo(DoToShape, staticLink); 
5: 

As with the shape filter, the shape list filter must commit the change 
when the user performs the next command. This is done by the method 
TShapeListFilter::CommitChange, which must be overridden by each 
list filter subclass. For example, to commit the Bring to Front com­
mand, we must move the affected shapes to the end of the list. (Re­
member that the shapes at the end of the list are closer to the front.) We 
will do this by removing the affected shapes and adding them to the 
end of the list as shown in Listing 25-14. 

Listing 25-14. CommitChange 

1: struct Comrnitinfo { 
2: TShapeLi st* 
3 : TShapeLi st* 
4: } ; 
5: 

otherList; 
fShapeList; 

6: pascal void RememberShape(TShape* aShape, void* theinfo) 
7: { 

8: Comrnitinfo* info = (Comrnitinfo*)theinfo; 
9: 
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10: (info-> fShapeList) -> RemoveShape(aShape); 
11: (info-> otherList) -> AddShape(aShape); 
12: 
13: 
14: pascal void AddShape(TShape* aShape, void* fShapeList) 
15: { 

16: ((TShapeList*)fShapeList) -> AddShape(aShape); 
17: 
18: 
19: pascal void TFrontFilter::CommitChange() const 
20: { 
21: TShapeList* affectedShapes = new TShapeList; 
22: FailNIL(affectedShapes); 
23: affectedShapes -> IShapeList(); 
24: 
25: TRY { 
26: Commitlnfo info; 
27: info.otherList = affectedShapes; 
28: info.fShapeList =this-> GetShapeList(); 
29: 
30: /* Move affected shapes from main to temporary list */ 
31: this-> AffectedShapesDo(&RememberShape, &info); 
32: 
33: /* Add affected shapes at the end of the main list */ 
34: affectedShapes -> EachShapeDo( &AddShape, 
35: this-> GetShapeList()); 
36: 
37: EXCEPT 
38: affectedShapes ->Free(); 
39: ENDTRY 
40: 
41: affectedShapes -> RemoveAll(); 
42: affectedShapes ->Free(); 
43: 

This method is a bit awkward, because TShapeList (and TList, 
which is used internally) does not provide an easy way to move list ele­
ments around in the list. Also, the iteration methods in TList (and 
therefore TShapeList) do not allow us to insert elements in the list 
while iterating through it. We can, however, delete elements from the 
list and add them to a temporary list (lines 6-12 and 31). Then we can 
iterate through the temporary list and add those shapes back to the 
original list (lines 14-17 and 34). It is important to call RemoveAll (line 
41), otherwise the shapes in the temporary list will be freed when the 
list is freed (line 42). 
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The TBackFilter::CommitChange method simply moves the unaf­
fected shapes to the end of the list, using the same technique above. 
The TClearFilter::CommitChange method just removes the affected 
shapes from the list. 

We only need one command class (TShapeListChanger) to handle 
any kind of shape list filtering. The implementation is shown in Listing 
25-15, along with the methods it calls. You will notice that the imple­
mentation is similar to that of TShapeChanger in Listing 25-7. 

Listing 25-15. TShapelistChanger 

1: pascal void TShapeListChanger::Doit() 
2: { 
3: fShapeList -> RernemberSelection(); 
4: if (fShapeListFilter != NULL) 
5: this-> SetFilter(fShapeListFilter); /*Install 

filter */ 
6: 
7: 
8: pascal void TShapeListChanger::Undoit() 
9: { 

10: if (fShapeListFilter != NULL) 
11: this-> SetFilter(NULL); 
12: 
13: 
14: pascal void TShapeListChanger::Redoit() 
15: { 
16: if (fShapeListFilter != NULL) 

/* Remove filter */ 

17: this-> SetFilter(fShapeListFilter); /*Install filter*/ 
18: 
19: 
20: pascal void TShapeListChanger::Cormnit() 
21: { 
22: fShapeList -> CormnitFilter(); 
23: 
24: 
25: pascal void TShapeListChanger::SetFilter( 
26: TShapeListFilter* newFilter) 
27: 
28: if (fView ->Focus()) 
29: fShapeViewHelper -> DoHighlightSelection(hlOn, hlOff); 
30: fShapeList -> RestoreSelection(); 
31: fShapeViewHelper -> SetShapeListFilter(newFilter); 
32: 
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33: 
34: pascal void TShapeList::CommitFilter(} 
35: { 
36: 
37: 
38: 
39: 

if (fShapeListFilter != NULL) { 
fShapeListFilter -> CommitChange(}; 
this-> SetFilter(NULL}; 

40: 
41: 
42: pascal void TShapeViewHelper::SetShapeListFilter( 
43: 
44: 

TShapeListFilter* newFilter} 

45: this-> InvalidateSelection(}; /*Invalidate before*/ 
46: fShapeList -> SetFilter(newFilter}; /*Change the filter*/ 
47: this-> InvalidateSelection(}; /*Invalidate after */ 
48: 

Finally, TShapeViewHelper will implement methods to handle the 
common commands we have discussed, such as Bring to Front, and 
Send to Back. One example is shown in Listing 25-16, along with the 
utility method CreateShapeListChanger. 

Listing 25-16. BringToFront 

1: pascal TCommand* TShapeViewHelper::BringToFront( 
2: CmdNumber aCmdNumber} 
3: 
4: TFrontFilter* frontFilter = new TFrontFilter; 
5: FailNIL(frontFilter}; 
6: frontFilter -> IFrontFilter(fShapeList}; 
7: 
8: return this -> CreateShapeListChanger 

(aCmdNumber,frontFilter}; 
9: 

10: 
11: pascal TCommand* TShapeViewHelper::CreateShapeListChanger( 
12: CmdNumber aCmdNumber, 
13: 
14: 

TShapeListFilter* itsFilter} 

15: TShapeListChanger* shapeListChanger =NULL; 
16: 
17: TRY { 
18: shapeListChanger = new TShapeListChanger; 
19: FailNIL(shapeListChanger}; 
20: shapeListChanger -> IShapeListChanger( aCmdNumber, 
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21: 
22: 
23: 
24: EXCEPT 

this, 
itsFilter); 

25: itsFilter ->Free(}; /*Free filter so caller need not*/ 
26: ENDTRY 

27: 
28: return shapeListChanger; 
29: 

IJll.- Clipboard Support 

We have saved Clipboard support for the end of this chapter, because 
it depends on the methods we implemented for document reading and 
writing as well as filtered commands. Clipboard support is divided 
into two parts: implementing Cut and Copy and implementing Paste . 

.,, Technical Overview 

The Macintosh Clipboard contains one piece of information at a time. It 
is possible, however, to store different representations of those data in 
the Clipboard. Usually a program will store a private representation, 
which only it can interpret, as well as a public representation, which 
other programs can paste. Each representation is tagged with a four­
letter identifier. There are two universal representations: plain text 
('TEXT') and a QuickDraw picture ('PICT'). 

When a program pastes data from the Clipboard, it chooses the rep­
resentation that it can best handle. Usually, the private representations 
contain a complete description of the data, while the public forms pro­
vide less information. For example, a word processor might use a pri­
vate representation that includes font changes, margins, and tab stops, 
while its public form would be just the text without style information. 

MacApp also makes a distinction between a local and an external 
Clipboard. When the data are first put into the Clipboard, they are 
stored locally in the program. The local Clipboard is usually imple­
mented with the same data structures used in the rest of the program. 
The data are exported to the external Clipboard only when the user 
switches to another program or to a desk accessory. At that time, the 
program converts the local data to one or more external formats, which 
are then stored in the Macintosh Clipboard, known as the Desk Scrap. 
The Macintosh ROM contains routines to manage the system-wide 
Clipboard; those routines expect the Clipboard data to be stored in a 
handle. (There is a separate handle for each representation of the data.) 
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In a MacApp program, a view object is responsible for most of the 
Clipboard implementation. To put data into the Clipboard, you create 
a view object that displays the data and install that view in the Clip­
board. You might also create a document object, if the implementation 
of the Clipboard view requires one. One purpose of the view object is 
to display the contents of the Clipboard in a window. The view object 
also implements several other Clipboard-related methods. For exam­
ple, there is a method TView::GivePasteData, which supplies the Clip­
board data in a particular format. MacApp calls the method 
TView::WriteToDeskScrap to tell the view to export the Clipboard. 

Internally, the graphics building block deals with objects. When it 
comes time to paste shapes into a shape list, for example, we will need 
a list of the shapes being pasted. The paste implementation will add 
those shape objects to the list. Externally, the Clipboard data are stored 
in a handle. This means that the graphics building block will have to 
convert the list of shapes to a handle when exporting data and recreate 
the shape object from a handle when pasting an external Clipboard. 
We will also store a picture representation of the data, in order to sup­
port applications that cannot handle shapes directly, but can paste 
standard pictures. 

To minimize conversion between shape objects and shapes stored in 
a handle, the graphics building block will deal with both forms of data. 
We will prefer to manipulate the Clipboard as a list of shape objects, 
since that requires no conversion, but we will also accept a handle con­
taining a sequence of exported shapes. 
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By the Way .- Handling both forms of data also simplifies the implementation. If 
the user switches into your MacApp program, and MacApp discov­
ers that the Clipboard has changed, it calls the method of T Applica- . 
tion::Make ViewForAlienClipboard. The purpose of this method is 
to import an external Clipboard by creating an appropriate view ob­
ject. The view not only imports the data, but also provides some­
thing to diSplay in the program's Clipboard window. 

The graphics building block does not have to override Make View­
ForAlienClipboard, since it can accept shape oBjects stored in a han­
dle. And since the bitilding block exports a Qt.tj.ckDraw picture as 
well as the shapes, MacApp can display the Clipboard contents for 
us automatically . 

.,,, Cut and Copy Implementation 

The implementation of the Cut and Copy commands is nearly identi­
cal. The only difference is whether the selection is removed from the 
document or not. In the graphics building block, the difference in im­
plementing Cut is using an instance of TClearFilter to filter the cut 
shapes from the list. 

The view we put into the Clipboard will be an instance of TShape­
View. (An instance of this class can also be used in a normal document 
window.) A TShapeView object contains a reference to an instance of 
TShapeViewHelper, which implements much of the functionality of 
the graphics building block. This object, in turn, refers to an instance of 
TShapeList, which contains the collection of shapes. We will also im­
plement the Clipboard functionality in TShapeViewHelper. 

The first step in implementing Cut and Copy is to define a command 
subclass; in this case, TShapeCutCopyCmd. Since the implementation 
of this command will use shape list filtering (in the case of Cut), this 
class will be a subclass of TShapeListChanger. When the command ob­
ject is initialized, it will create the filter object in the case of a Cut com­
mand but not in the case of Copy. Also, since this command changes 
the Clipboard, it is important to set the variable fChangesClipboard to 
true in the initialization method, after calling !Command. This tells 
MacApp that it should switch to the previous Clipboard data if the 
user selects the Undo command. In the case of the Copy command, the 
document is not changed; we inform MacApp of this by setting the var­
iable fCausesChange to false, again after calling I Command. 

The Dolt method of TShapeCutCopyCmd does most of the work. It 
must clone the selected shapes, install them into an instance of TShape­
View, and install that view into the Clipboard. (See Listing 25-17.) 
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Listing 25-17. TShapeCutCopyCmd: :Dolt 

1: struct CutCopyinfo { 
2: 
3: 
4: } ; 
5: 

Rect* 
TShapeList* 

selBounds; 
clipList; 

6: pascal void CloneShape(TShape* aShape, void* infoStruct) 
7: { 
8: 
9: 

TShape* newShape = (TShape*) (aShape ->Clone()); 
newShape -> SetSelection(false); 

10: 
11: CUtCopyinfo* info = (CutCopyinfo*)infoStruct; 
12: 
13: newShape -> OffsetBy( 1 - (info -> selBounds) -> left, 
14: 1 - (info-> selBounds) ->top); 
15: (info-> clipList) -> AddShape(newShape); 
16: 
17: 
18: pascal void TShapeCutCopyCmd::Doit() 
19: { 
20: TShapeList* shapeList =this-> GetShapeList(); 
21: Rect selBounds = shapeList -> SelectionBounds(); 
22: 
23: /*Make the clipboard objects */ 
24: TShapeList* clipList = NULL; 
25: TView* clipView =NULL; 
26: 
27: TRY { 
28: clipList =new TShapeList; 
29: FailNIL(clipList); 
30: clipList -> IShapeList(); 
31: /* Create a view for clipboard */ 
32: clipView =this -> NewClipboardView(clipList); 
33: shapeList -> RernemberSelection(); 
34: 
35: 
36: 
37: 
38: 

CutCopyinfo info; 
info.selBounds = &selBounds; 
info.clipList = clipList; 

/* Clone the shapes */ 
39: shapeList -> EachSelectedShapeDo(&CloneShape, &info); 
40: clipView -> AdjustSize(); 
41: /* Store view in clipboard */ 
42: gApplication -> ClaimClipboard(clipView); 
43: 
44: EXCEPT { 
45: FreeifObject(clipList); 



562 .,_ Chapter 25 Documents, Filters, and the Clipboard 

46: FreeifObject(clipView); 
47: 
48: ENDTRY 

49: 
50: inherited::Do!t(); 
51: 
52: 

/* Put filter into effect */ 

53: pascal TView* TShapeCutCopyCrnd::NeWClipboardView( 
54: TShapeList* itsShapeList) canst 
55: 
56: TShapeView* shapeView = new TShapeView; 
57: FailNIL(shapeView); 
58: shapeView -> IShapeView( NULL, NULL, &gZeroVPt, &gZeroVPt, 
59: sizeVariable, sizeVariable, 
60: itsShapeList, NULL); 
61: 
62: return shapeView; 
63: 

If we were simply to clone the selected shapes, their positions within 
the Clipboard window would be the same as their positions in the 
document. This might result in a large amount of blank space in the 
Clipboard window, if the original shapes were not close to the top left 
of their original view. The call to OffsetBy on line 13 of the listing off­
sets the copied shapes to the top left of the view. (Actually, we allow a 
1-pixel margin on the top left.) TShapeCutCopyCmd::Dolt calls New­
ClipboardView (line 32) to create the view installed in the clipboard. 
We made this a method so that clients of the building block can create 
an alternate view object if needed. 

It is not necessary to override the Undolt or Redolt methods, since 
we can inherit the implementations from TShapeListChanger. MacApp 
will take care of undoing or redoing the change to the Clipboard, since 
we indicated that the command changes the Clipboard. The only other 
effect of the command (in the case of Cut) is to show or hide the affected 
shapes, which will be handled by the TShapeListChanger methods. 

TShapeViewHelper must implement three Clipboard-related meth­
ods. These methods will be called from the corresponding methods in 
TShapeView. The first is ContainsClipType. The purpose of this 
method is to tell MacApp what data representations the view can sup­
port. TShapeViewHelper supports only one representation: a list of 
shape objects. The four-character ID of this type will be stored as the 
fShapeListClipType instance variable of the shape view helper, in case 
the building block client needs to change its value. (Most clients will 
have no need to change the default value, however.) 
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The implementation of ContainsClipType is as follows: 

1: pascal Boolean TShapeViewHelper::ContainsClipType(ResType 
aType) 

2: { 
3: return (aType == fShapeListClipType); 
4: 

The second Clipboard-related method is TView::GivePasteData, 
which complements ContainsClipType. Its purpose is to supply the 
actual Clipboard data in a specific form. In this case, we can provide a 
reference to TShapeList, which contains the Clipboard shapes. Theim­
plementation is shown in Listing 25-18. 

Listing 25-18. GivePasteData 

1: pascal long TShapeViewHelper::GivePasteData( Handle 
aDataHandle, 

2: ResType dataType) 
3: 
4: if (dataType == fShapeListClipType) 
5: /* We can satisfy the request */ 
6: if (aDataHandle != NULL) { 
7: SetHandleSize(aDataHandle, sizeof(TShapeList*}}; 
8: **(HShapeList)aDataHandle fShapeList; 
9: 

10: 
11: 

return sizeof(TShapeList*}; /* Return size of data */ 

12: 
13: else /* We don't support that type */ 
14: return noTypeErr; 
15: 

If MacApp asks for the Clipboard in the form of a shape list and the 
handle is not NULL (line 6), then we set the data handle (in line 7) to 
the size of an object reference, and store a reference to the shape list in 
the handle (line 8). The return value of GivePasteData is either the size 
of the Clipboard data or an error code, which is a negative number. 

The third Clipboard-related method that must be implemented by 
TShapeViewHelper is WriteToDeskScrap. This method is called by 
MacApp to convert the local Clipboard into one or more external repre­
sentations. The default implementation in TView stores a QuickDraw 
picture in the Clipboard; the implementation in TShapeViewHelper is 
responsible for storing the list of shapes in a handle. Fortunately, we 
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have a method in TShapeList called WriteTo, which writes the shape 
to a stream, and we have a stream implementation that stores data in a 
handle. WriteToDeskScrap, therefore, only has to put the pieces to­
gether, as shown in Listing 25-19. 

Listing 25-19. WriteToDeskScrap 

1: pascal void TShapeViewHelper::WriteToDeskScrap() 
2: { 
3: Handle h =NULL; 
4: THandleStream* handleStream = NULL; 
5: 
6: TRY { 

7: 
8: 
9: 

h = NewHandle(O); 
FailNIL (h) ; 

/* Create a handle for writing */ 

10: handleStream = new THandleStream; 
11: FailNIL(handleStream); 
12: handleStream -> IHandleStream(h, 100); 
13: 
14: fShapeList -> WriteTo(handleStream); 
15: 
16: 
17: handleStream -> Free () ; /* This compacts the handle * / 
18: handleStream =NULL; /* So handler doesn't free it */ 
19: 
20: /* Put the handle into the Clipboard */ 
21: FailOSErr(PutDeskScrapData(fShapeStrearnClipType, h)); 
22: DisposHandle (h) ; 
23: 
24: EXCEPT' { 
25: DisposifHandle(h); 
26: FreeifObject(handleStream); 
27: 
28: ENDTRY 
29: 
30: 
31: pascal void TShapeView::WriteToDeskScrap() 
32: { 
33: /* Write the custom format then a QuickDraw picture */ 
34: fShapeViewHelper -> WriteToDeskScrap(); 
35: inherited::WriteToDeskScrap(); 
36: 
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In line 21 we use the instance variable fShapeStreamClipType. This is 
the Clipboard type ID that indicates a list of shapes written to a stream. 
As before, we store this value in a field of TShape ViewHelper, in case 
the building block clien~ wants to change it. (Changing this field pre­
vents other clients of the graphics building block from recognizing and 
pasting your Clipboard format. For this reason, you should not change 
the value of this field unless you really want to keep your data private.) 

Listing 25-19 also shows how TShapeView (or any view class that 
you might define) would use TShapeViewHelper::WriteToDeskScrap. 
In most cases, you will add to the Clipboard a QuickDraw picture that 
represents the copied shapes. The call to inherited::WriteToDeskScrap 
on line 35 shows how this would be done. 

~ Paste 

To implement the Paste command, you simply define a TShapePaste­
Cmd class. Rather than adding the pasted shapes to the main shape list 
and removing them to implement Undo, we will use another kind of 
filtering on the shape list. Therefore, you have to make TShapePaste­
Cmd a subclass of TShapeListChanger. The filter object, called T Add­
ShapesFilter, contains an instance of TShapeList, which contains the 
shapes being pasted. Its EachShapeDo method processes these shapes 
after the existing shapes, as shown in Listing 25-20. 

Listing 25-20. EachShapeDo 

1: pascal void TAddShapesFilter::EachShapeDo( 
2: DoToShapeProc DoToShape, 
3: void* DoToShape_StaticLink) const 
4: 
5: /* Process old shapes first, then new shapes */ 
6: inherited::EachShapeDo(DoToShape, DoToShape_StaticLink); 
7: fNewShapes -> EachShapeDo(DoToShape, DoToShape_StaticLink); 
8: 
9: 

10: pascal void AddShape(TShape* aShape, void* fShapeList) 
11: { 
12: ((TShapeList*)fShapeList) -> AddShape(aShape); 
13: 
14: 
15: pascal void TAddShapesFilter::CormnitChange() const 
16: { 
17: fNewShapes -> EachShapeDo(&AddShape, this-> GetShapeList()); 
18: fNewShapes -> RemoveAll(); 
19: 
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(Note that the AddShape function is the same as was shown in List­
ing 25-14.) 

T AddShapesFilter is not specific to the paste command. It can be 
used with any command that adds shapes, for example Duplicate. The 
Dolt method of TShapePasteCmd (as shown in Listing 25-21) will 
create a new instance of TShapeList, copy the shapes from the Clip­
board to the new list, and create an instance of T AddShapesFilter. 

Listing 25-21. TShapePasteCmd::Dolt 

1: pascal void FixupShapes(TShape* aShape, void* pasteOffset) 
2: { 
3: 
4: 
5: 
6: 
7: 

aShape -> SetSelection(TRUE); 
aShape -> OffsetBy( ((Point*)pasteOffset) -> h, 

((Point*)pasteOffset) -> v ); 

8: pascal void TShapePasteCrnd::Doit() /*override*/ 
9: { 

10: TShapeList* pasteList =NULL; 
11: TShapeListFilter* pasteFilter =NULL; 
12: 
13: TRY { 
14: pasteList = new TShapeList; 
15: FailNIL(pasteList); 
16: pasteList -> IShapeList(); 
17: 
18: TShapeViewHelper* shapeViewHelper 
19: this-> GetShapeViewHelper(); 
20: 
21: shapeViewHelper -> GetPastedShapes(pasteList); 
22: 
23: pasteFilter = this -> CreatePasteFilter(pasteList); 
24: this-> InitializeFilter(pasteFilter); 
25: 
26: Point pasteOffset =this-> GetPasteOffset(pasteList); 
27: 
28: fView -> Focus () ; 
29: shapeViewHelper ->Deselect(); 
30: /* Offset & select shapes */ 
31: pasteList -> EachShapeDo(&FixupShapes, &pasteOffset); 
32: 
33: pasteList -> RememberSelection(); 
34: 
35: EXCEPT { 
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36: FreeifObject(pasteList); 
37: FreeifObject(pasteFilter); 
38: 
39: ENDTRY 

40: 
41: 
42: 

inherited::Do!t(); /* Install filter */ 

43: 
44: pascal TShapeListFilter* TShapePasteCmd::CreatePasteFilter( 
45: TShapeList* pastedShapes) const 
46: 
47: TAddShapesFilter* addShapesFilter = new TAddShapesFilter; 
48: FailNIL(addShapesFilter); 
49: addShapesFilter -> IAddShapesFilter( this-> GetShapeList(), 
50: pastedShapes) ; 
51: return addShapesFilter; 
52: 
53: 
54: pascal Point TShapePasteCmd::GetPasteOffset( 
55: TShapeList* pastedShapes) const 
56: 
57: TShapeList* theList =this-> GetShapeList(); 
58: Rect bounds = theList -> SelectionBounds(); 
59: if (EmptyRect(&bounds)) { /*Nothing is selected*/ 
60: if (fView ->Focus()) 
61: fView -> GetVisibleRect(&bounds); 
62: 
63: /* Get bounds of shapes to paste */ 
64: Rect pasteBounds = pastedShapes -> TotalBounds(); 
65: 
66: /* Compute offset to paste at center of bounds. */ 
67: Point pasteOffset; 
68: SetPt(&pasteOffset, 
69: ( (bounds. left+bounds. right) -
70: 
71: 
72: 
73: 

(pasteBounds.left+pasteBounds.right) 
(bounds.top+bounds.bottom) -
(pasteBounds.top+pasteBounds.bottom) 

74: return pasteOffset; 
75: 

I 2, 

I 2); 

TShapePasteCmd::Dolt starts by creating an instance of TShapeList 
to hold the pasted shapes (lines 14-16). It calls the method TShape­
ViewHelper::GetPastedShapes to fill in that list (line 21). 
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Next, it creates a filter appropriate to the Paste command (line 23). 
The default is to create an instance of TAddShapesFilter (lines 47-51). 
The new filter is installed into the command object (line 24). 

Next, Dolt computes the amount by which to offset the pasted 
shapes by calling GetPasteOffset (line 26). The default implementation 
of this method centers the shapes within the bounds of the currently se­
lected shapes or, if nothing is selected, within the currently visible part 
of the view. 

Finally, Dolt deselects the previous selection (lines 28-29), offsets and 
selects the pasted shapes (line 31), and calls inherited::Dolt to apply 
the filter (line 41). 

As with the Cut/Copy command, the Undolt and Redolt methods of 
TShapePasteCmd are inherited from TShapeListChanger, since those 
methods need only remove and apply the filter. 

Listing 25-22 shows the TShapeViewHelper::GetPastedShapes method. 

Listing 25-22. GetPastedShapes 

1: pascal void CopyShape(TShape* aShape, void* pastedShapes) 
2: { 
3: ((TShapeList*)pastedShapes) -> AddShape( 
4: (TShape*) (aShape ->Clone())) 
5: 
6: 
7: pascal void TShapeViewHelper::GetPastedShapes( 
8: TShapeList* pastedShapes) 
9: 

10: Handle h = NULL; 
11: THandleStrearn* handleStrearn = NULL; 
12: 
13: TRY { 
14: h = NewHandle(O); 
15: FailNIL(h); 
16: 
17: ResType dataType; 
18: long dontCare = 
19: gApplication -> GetDataToPaste(h, &dataType); 
20: 
21: if (dataType == fShapeStrearnClipType) { 
22: /* Read shapes from a handle stream */ 
23: handleStrearn =new THandleStrearn; 
24: FailNIL(handleStrearn); 
25: handleStrearn -> IHandleStrearn(h, 0); 
26: 
27: pastedShapes -> ReadFrom(handleStrearn); 



28: 
29: 
30: 
31: 
32: 

handleStream ->Free(); 
handleStream = NULL; */ 

33: else 
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34: /* Copy shapes from list contained in Clipboard */ 
35: TShapeList* clipList = **(HShapeList)h; 
36: clipList -> EachShapeDo(&CopyShape, pastedShapes); 
37: 
38: 
39: DisposHandle(h); 
40: h = NULL; 
41: 
42: EXCEPT { 
43: DisposifHandle (h) ; 
44: FreeifObject(handleStream); 
45: 
46: ENDI'RY 
47: 

GetPastedShapes calls the MacApp method T Application::GetData­
ToPaste (line 19) to get the data for the clipboard. There are two cases 
to consider. 

First, the clipboard may contain a series of shapes that were written 
to a stream. In that case, we create an instance of THandleStream (lines 
23-25) and use TShapeList::ReadFrom (line 27) to read the shapes. 

Second, the clipboard might contain a TShapeList object. This would 
happen if the user has done a cut or copy, but the program hasn't con­
verted the clipboard to its external form. In this case, we simply clone 
the clipboard shapes and copy them to our list of pasted shapes (lines 
1-5 and 36). 

There is still one thing :missing from the implementation of paste. 
How does the GetDataToPaste method know which Clipboard repre­
sentation to return? The answer is that the application tells MacApp 
the representations it can paste. To do this, you call the MacApp rou­
tine CanPaste, passing it the four-character ID of the data type the pro­
gram can paste. You can call CanPaste several times; if you do that, 
you should use data types in descending order of preference. 

The CanPaste routine should be called from an implementation of 
DoSetupMenus. MacApp will automatically enable the Paste menu 
command, if the Clipboard contains one of the data types the application 
can paste. In the case of the graphics building block, we will implement 
a short method in TShape ViewHelper to do this. Its code is as follows: 
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1: pascal void TShapeViewHelper::CanPasteShapes() 
2: { 
3: CanPaste ( fShapeListClipType) ; 
4: CanPaste ( fShapeStrearnClipType) ; 
5: 

Since the building block deals with shape objects, it calls CanPaste 
with fClipShapeList first, which indicates its preference for pasting a list 
of shape objects. Its second choice, however, is to paste a stream contain­
ing shapes, in which case it will read the shape objects from the stream. 

~ Using the Graphics Building Block 
We have completed the design and implementation of the graphics 
building block. The primary features it provides are 

• sketching new shapes 
• selecting shapes 
•moving the selected shapes 
• reading and writing shape documents 
• changing the attributes of the selected shapes 
•implementing Cut, Copy, and Paste commands 
• implementing Bring to Front and Send to Back commands 

As we discussed the design of each feature, we suggested how clients 
of the building block might use that feature in their programs. In gen­
eral, for each feature we defined a method in either TShapeList or 
TShape View Helper that a client document or view object could call. In 
addition, the building block contains the TShapeDocument and 
TShape View classes, which can be immediately used in a program. 

Building a simple graphics editor that uses the building block is very 
easy. You must define a subclass of TApplication and implement the 
DoMakeDocument method of that class to create an instance of 
TShapeDocument. Your application also must create an instance of 
TShapePalette and register with the palette the sketching and selecting 
command objects it wants to use. 

More importantly, the building block was designed to be extensible. 
For example, you can define new kinds of shape objects. We have also 
defined a filtering mechanism that you can use to implement new com­
mand objects. 

We will not go into the design and implementation of any extensions 
in this book. The full source code for ExampleDraw shows examples of 
extending the building block with new shape classes and commands. 



~ Summary 571 

_., Summary 
This concluding chapter of our exploration of MacApp has put the fin­
ishing touches on a complex graphic editing example program. In it, 
you have learned to extend the user interface of a MacApp program to 
encompass the use of documents and disk files, filters on disk file re­
trieval, and the Clipboard for cut, copy, and paste operations. 

You are now ready to tackle a MacApp project of your own with 
great confidence. We encourage you to do so, because the only certain 
way to learn MacApp well is to use it. 



Afterword 

If you're like most prospective MacApp programmers, you were 
drawn to this book by a mixture of curiosity, excitement, fear, and 
hope. Curiosity comes from all the noise that's being made these days 
about object programming. The excitement is a by-product of our light­
ning-fast industry, in which there's always a shiny new toy to play 
with, especially if you're a Macintosh fan. The fear comes because ob­
ject programming and C++ are radically different from the "old­
fashioned" function-oriented way, and the learning curve often looks 
like that first big step out of the Grand Canyon. The feeling of hope, of 
course, sterns from the desire to find out if this latest programmer's 
messiah can really live up to its claims. 

In addition to all these strong feelings about MacApp, C++ has gen­
erated lots of strong opinions as well. It's become a blazingly hot topic 
in the Macintosh programming world lately, and it seems that every­
one who has used it has a strong opinion about Dr. Stroustrup's little 
creation. As in any computer language debate, the best rule seems to be 
"the right tool for the job," rather than arguing about fine points of syn­
tax or structure. C++ is already proving itself to be the right tool for 
many jobs. 

After reading this book, I hope that you have a sharper focus on how 
MacApp and object programming in C++ can help you get your work 
and play done. The information in this book should help you set your 
expectations properly. For example, you've probably figured out by 
now that MacApp will not allow your younger brother to write a full­
featured commercial-quality page layout/ spreadsheet/ communications 
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program over the next weekend (unless, possibly, your younger brother 
is Andy Hertzfeld); at the same time, you should begin to realize that 
learning MacApp, even with C++, is not nearly as hard as determining 
the meaning of life. 

You'd have a hard time finding a better trio of folks to tell you about 
MacApp. Dave Wilson has almost certainly taught more people more 
about MacApp (and Macintosh programming in general) than any­
body else in the world during the years that he's been involved with 
the Macintosh. Dan Shafer knows a lot about a lot of things, as you can 
tell by examining the multitude of topics, from artificial intelligence to 
HyperCard, that he's written books about. Larry Rosenstein is no less 
than one of the principal inventors of MacApp and possibly Apple's 
leading object designer. If Bo Jackson ever decides to learn MacApp, 
these guys will be in the commercial. 

The importance of object technology to Apple's future, and to the fu­
ture of the whole industry, can't be overstated. You can find the follow­
ing clear statement in Apple's February 1989 developer magazine: "If you 
don't learn object-oriented programming now, you will not be able to 
program the Macintosh later, and you will be months or years behind 
those who can." And please have no doubt that Apple means it. 

With that having been said, welcome to the journey. I hope this book 
provided you with a nice way to get curious, excited, scared, and hope­
ful about what you can do with MacApp. 

Scott Knaster 
Macintosh Inside Out Series Editor 
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default function arguments, 

101 
function prototyping, 100-101 



type checking, 101 
objects, creating, 107-108, 156-

157 
overloaded functions, 101-104 

constant declarations, 103 
inline functions vs. macros, 

102 
type void, 103 
variables declarable any­

where, 103 
Tiny Benchmark, sample pro­

gram, 108-119 
usefulness of, 99-100 

Cache, messages in, 134 
Cale, 72 
CalcMinSize, 292 
CallDoToShape, 511 
CanPaste, 569-570 
Cards, 72 
Case sensitivity 

C++, 116, 149 
MPW, 79 
resources, 204 

CDeleteFirst, 399 
cDeleteFirstMsg, 399 
CFront, 99 
ChangeColor, 268 
ChangelnteriorPattern, 550-551 
ChangeSelection, 412, 416, 417 
ChooseDocument, 184 
Clascal, 88 
Class diagram, 36-37 

for typical document, 215 
Classes, 36-39 

abstract class, 52 
C++ keyword, 106 
class definitions, 265 
class diagrams, 36-37 
concrete classes, 442 
in creation of building blocks, 

441-442 
defining in Pascal, 93 
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inheritance, 37-38 
meta-class, 44 
of objects, naming convention, 

23 
subclassing, 37-38 
superclass, 37 
variables in, naming conven­

tion, 23 
Class ID, 468, 469 
Class library, MacApp 

dialogs, 174 
TApplication, 163-165 
TCommand, 176-177 
TDocument, 166-168 
TevtHandler, 162-163 
TList, 175-176 
TObject, 162 
TScrollBar, 173 
TScroller, 173 
TView, 168-171 
TWindows, 172 
view classes, 174-175 

Class methods, 267 
Class name, in code, 93 
Clear breakpoint, debugger com­

mand, 250 
Clipboard, 196 

Cut and Copy, 560-563 
DeskScrap, 224-225 
GivePasteData, 563 
local versus external, 558-559 
MacApp support for, 223, 226 
Paste, 565-570 
technical aspects, 558-559 
WriteToDeskScrap, 559, 563-565 

Clock, 114 
Clone, 162,445,446 
CloneSketcher, 533 
Cloning, 270-271 
Close,435 
Cmnu, 79, 80, 81 
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CODE, 79, 203, 233, 261, 266 
Collection classes, 154 
Colorlndex, 415 
Color Menu, 387-397 

adding to document's menu, 
389-391 

static variables, 392-398 
types of color numbers, 391 

Color QuickDraw, 485 
Command menus, 189 

in simple program, 204-207 
Commando, MPW, 76 
Command objects 

drawing bird with, 419-420 
menus, 191 
Undo and, 176-177, 222-223 

Commit, 401, 404, 507-508 
CommitChange, 554-556 
CommitChangeTo, 548 
CommitFilter, 547 
Compatibility, benefits of Ma-

cApp, 17 
Complement, 517 
Concrete classes, 442 
Constant declarations, C++, 103 
Constants 

in creation of building blocks, 
447-448 

naming conventions, 90 
Const keyword, 461 
Constructors, 143 

functions, C++, 106-107, 113 
ContainsClipType, 562-563 
Coordinate conversion messages, 

of TView, 291 
C out stream, 114-115, 130, 133 
Crash, repeated objects and, 539 
CreateShapeChanger, 551 
cSketcher, 421 
CURS, 79, 231 
Cursor shape, 296 
Cut and Copy, 560-563 

D 
Data abstraction, 15, 105 
Data blocks, on heap, 267 
Data fork, 166, 342 

saving in, 186-187 
Data structures 

nonrelocatable blocks, 94 
relocatable blocks, 94-95 

Deadstrip suppress, 329 
Debugger commands 

Clear breakpoint, 250 
Enter Debugger, 258 
Go, 250 
Heap and Stack, 257 
Inspect, 254-255 
Output redirect, 255 
Quit to Shell, 259 
Recent history, 250-251 
Set breakpoint, 249-250 
SpaceBar, 257 
Stack crawl, 252-253 
Trace, 256 

Debugging 
benefits of MacApp, 17 
Debug menu, 240 
debug and non-debug MacApp 

versions, 83-84 
Debug Transcript window, 245-

247 
drawbacks related to, 84 
entering debugger, 247-248 
Fields method, 243-245 
Inspector windows, 241-242 
low-level debuggers, 238 
steps in debugging crash, 259-

260 
usefulness of, 238-239 

Decompiler, DeRez, 233 
Default arguments, use of, 144 
Default function arguments, C++, 

101 
#define, 125, 140, 149 



# define statements, 102, 103 
Delete, 176, 362 
DeleteAll, 362 
Delete Menu, 398-404 

permanence of deletion, 404 
resource file entries, 398-402 
supporting deletion, 402-404 

Demand-paged virtual memory, 
122 

DemoDialogs, 73 
DemoTest, 73 
Dependency lines, 118 
DeRez 

resource creation and, 81 
use of, 233 

DeselectShape, 517 
Desk Accessory, 236 

DeskScrap, 196, 224-225 
multiple scrap formats, 224 
private scraps, 225 

Destructor function, 105 
Dialog Manager, 174 
Dialogs, 220-221 

application methods, 428 
benefits of MacApp, 18 
design of 

alerts, 220 
modal dialogs, 220 
modal versus modeless, 221 
modeless dialogs, 221 

modal dialogs, 427 
creation of, 434-435 

modeless dialog, 427 
creation of, 430-434 
sample code, 432-433 
user interaction with, 431 

View Edit to create, 428 
Dim highlighting, 188, 418 
Directory menu, 70 
Disk file, parts of, 166 
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Disk space, computation of, 377-
378 

Display lists, 278 
applications using lists, 278 

DITL, 201 
Divide-and-conquer method, 140 
DLOG, 201 
DoChoice, 171, 429, 431, 432-433, 

434 
DoCreateViews, 163 
Documents, 166 

creation of, 346-347 
existing document, 346-347 
new document, 346 
order of creation, 347 

file formats and, 342 
opening files, 379-380 
purpose of, 341-342 
reading/writing, 535-543 

DoN eedDiskSpace, 541-543 
DoRead, 541-543 
DoWrite, 541-543 
low-level methods, 536-541 
ReadFrom, 536-541 
WriteTo, 536-541 

revert, support of, 380 
saving files, 377-379 
TDocument, 343-346 
Text program, 347-357 

application, 351-354 
class diagram, 348 
header file, 349-350 
initialization methods, 354-

357 
main program, 348-349 
supporting revert, 357 

Document type, 213-214 
DoFrame, 444 
DoHighlightSelection, 170, 186, 

187, 294, 413, 416, 417-418, 
511-514 
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Doldle, 163, 165, 171, 192, 335 
DolnitialState, 344 
Dolt, 177, 191, 401, 402, 403, 424, 

506,507,528,560-562,566-568 
DoKeyCommand, 170, 177, 335 
DoMakeDocument, 165, 301, 346 
DoMakeEditCommand, 300 
DoMakeStyleCommand, 300 
DoMakeTypingCommand, 300 
DoMakeViews, 182, 301, 344, 346, 

347,413 
DoMakeWindows, 167, 182, 301, 

344,346,347 
DoMenuCommand, 165, 167, 170, 

177, 190, 191,203,260,338, 
345,391,393,400,428 

DoMouseCommand, 171, 177, 191, 
260,296,299,369,372,373, 
374,395,408,409,410,412, 
416,420,533 

DoNeedDiskSpace, 167, 184, 185, 
345, 356, 377, 378, 466, 478, 
541-543 

DoRead, 168, 180, 214, 301, 345, 
346,356,357,379,541-543 

DoSelectShapes, 531-532, 534 
DoSetCursor, 171, 296 
DoSetupMenus, 165, 168, 171, 188, 

189,338,345,391,392,399, 
418,428 

DoSketchShape, 531, 533 
Dot syntax, Object Pascal, 95 
Do Write, 168, 184, 185, 214, 345, 

356,377,378,541-543 
Dragging shapes, 522-528 
Draw, 171, 180, 262, 293, 294, 299, 

347,369,413,415,490 
DrawBorder, 262, 263 
DrawCell, 298 
DrawFeedback, 502-504, 525 
DrawFrame, 443, 490, 491, 492, 

493,494,502 

Draw Interior, 262, 443, 490, 491, 
492,494 

Draw method, windows, 188 
DrawShape,73,268 
DrawSolid, 520-522 
DrawUsing, 490, 492, 503, 520 
Dynamically allocated objects, 

107-108, 157 
Dynamic binding, 39, 40, 155, 268 
Dynamic objects, 121-122 

E 
Each, 176,361 
EachKnob,511,512-513 
EachSampleDo, 499 
EachShapeDo, 496, 499, 551-553, 

565 
EnableCheck, 393 
ENDTRY, 538 
Enter debugger, debugger com­

mand, 258 
Error handling, benefits of Ma­

cApp, 18 

Eventlnfo, 409-410 
EXCEPT,538 
Extensions, MAmake extension, 

85 

F 
£Adapted, 297 
FailMemError, 356, 465 
FailNIL, 199, 219, 316 
FailNILResource, 376 
FailOSErr, 219, 356 
Failure handlers, writing of, 538-

541 
£Bounds, 493 
fCanUndo, 177, 422 
fCausesChange, 177, 422 
fChangeCount, 167, 343 
fChangedDocument, 422 



fClosesDocument, 297 
fCmdDone, 177, 404, 422 
fCmdNumber, 422 
fColorArray, 391, 392, 395 
fColorCmdNumber, 391, 392, 393, 

395,418 
fConstrain, 298 
fConstrainsMouse, 177, 422 
/Creator, 167 
fCreator, 343 
fCurrentTool, 534 
fDataOpen, 167 
fDataOpen, 343 
fDeletedBird, 403 
fDelta, 528 
fDemoDocument, 276 
fDisposeOnFree, 297 
fDocument, 169 
fDoFirstClick, 172, 297 
fDraggerClass, 446 
fExampleDragger, 446 
fFeedbakcPicture, 523 
fFileType, 167 
fFileType, 343 
fForcedOnScreen,297 
fForceOnScreen, 172 
fFreeOnClosing, 297 
fGrowthRate, 464 
fHLDesired, 169, 290 
fHorzCentered, 172, 297 
fldentifier, 169, 290, 292 
fldleFreq, 163, 192 
Fields, 162 
File formats, of documents, 342 
File Manager, 455, 458, 462 
FillRect, 262 
Filtering 

committing command, 545 
interior of shape, 544 
of shape list, 551-558 
of shapes, 546-551 
usefulness of, 543-544, 545 
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FilterlnteriorPattern, 546 
Finder, 122 

application launched from, 183 
document opened from, 183 
icons for different document 

types, 214 
printing from, 183 

FindSubView, 170, 336, 433 
First, 176 
FirstThat, 176, 361, 362 
flsSelected, 509 
fLastCommand, 404 
fLaunchwithNewDocument, 198, 

328 
fLocation, 169, 290 
flsActive, 297 
flsClosable, 297 
flsModal, 297 
flsResizable, 297 
fNewShape, 508 
fN extHandler, 163 
Focus,293,403 
Focus messages, of TView, 293 
fOpenlnitially, 297 
ForceRedraw, 170, 296 
fPaletteView, 276 
fPictureBounds, 523 
fPosition, 464 
fPrintHandler, 169, 290 
fProcID, 297 
FrameRect, 262, 444 
fRectArray, 413 
Free, 162, 167,279,344,355,368, 

371,372,404,424,425,507-
508 

FreeAll, 176, 363 
FreeData, 167, 344, 357, 368, 380, 

541 
FreeList, 176, 363 
fRefnum, 462 
fResizeLimits, 172 
fRsrcOpen, 167 
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fRsrcOpen, 343 
fSaveExists, 167 
fSavePrintlnfo, 167, 343, 345 
fScroller, 177, 422 
fScrollLimit, 298 
fScrollUnit, 298 
fshapeList, 276, 279 
fShapeListClipType, 562 
fShapeStreamClipType, 565 
£Shown, 169, 290 
£Size, 169, 290 
fSizeDeterminer, 169, 290, 291 
£Staggered, 172, 297 
£Sub Views, 169, 290 
fSuperView, 169, 290 
£Target, 172, 422 
fTargetID, 172 
fTextHandle, 280 
fTextHdl, 276, 279 
£Title, 167 
fTrackNonMovement, 422 
Function, in Object Pascal, 93 
Function prototyping, C++, 100-

101 
fUsesDataFork, 167 
fUsesRsrcFork, 167 
fUsesRsrcFork,343 
NertCentered, 172, 297 
Niew, 177, 422 
NiewConstrain, 422 
NiewEnabled, 169, 290 
NiewList, 167, 343 
NolRefNum, 167 
fWindowList, 167, 343 
fWMgrWindow, 172 

G 
gApplication, 164 
Garbage collection, 279-280 
gConfiguration, 164, 165, 305 
gDeadStripSuppression, 329 
Geometric2DrawingBounds, 487 

GetClass, 468 
GetClassName, 468 
GetColorCmd,391,394,395,418 
GetCurrentltem, 433 
GetDataToPaste, 569 
GetDrawingBounds, 506 
GetExtent, 292 
GetFrame, 292 
GetFrameSize, 486, 487 
GetGeometricBounds, 486-487, 

493,494 
GetHandleSize, 356 
GetlnteriorPattern, 547 
GetltemText, 298, 433 
GetPasteOffset, 568 
GetPasteShapes, 568-569 
GetPosition, 460, 461, 462 
GetQDColor, 391, 392, 395 
GetQDExtent, 309 
GetScroller, 421 
GetSize, 176, 362, 460, 461, 462, 

465,466 
GetSolidPattern, 522 
GetTime, 114 
gFinderPrinting, 164 
glnBackground, 164 
GivePasteData, 563 
Global variables, 200, 392 

in creation of building blocks, 
448 

naming conventions, 90 
gNoChanges, 260, 296, 373, 386, 

393 
Go, debugger command, 250 
gPrinting, 164 
grafPort, 168, 519 
Graphics building block 

MacApp approach to, 483-484 
shapes 

aspects of, 484-485 
drawing of, 490-492 
styles for, 488-490 



TShape, 485-487 
TLine,493 
TOval, 493-494 
TRectangle, 493 

TShapeList, 495-498 
use of, 498-499 

GrowthSize, 464 
gTarget, 163, 164, 189, 190, 335 
gTransparentPattern, 503 
gZeroRect, 164 
gZeroVPt, 164 
GZeroVRect, 164 

H 
Handle, in Pascal, 94 
Handle-based objects, 122, 123, 

134,355 
HandleFinderRequest, 182, 196, 

198,200,328,339,428 
HandleMouseDown, 408 
HandleReadShape, 538 
HandleUpdateEvent, 186 
hasColorQD, 165 
hasDesktopBus, 165 
hasHFS, 165 
hasHierarchicalMenus, 165 
hasROM128K, 165 
hasScriptManager, 165 
hasSCSI, 165 
hasSoundManager,165 
hasStyleTextEdit, 165 
hasWaitNextEvent, 165 
Heap 

crash, repeated objects and, 539 
garbage collection, 279-280 

Heap space 
pennanentlll.elll.ory,355 
telll.porary Ill.elll.ory, 355 

Heap and Stack, debugger colll.-
Ill.and, 257 

Help 
MacApp, 75 

MPW,74-76 
Hierarchies, 15 
Highlight, 511-512 
Highlighting 
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dilll. highlighting, 187 
turning on, 186 

HighlightSelection, 186 
Hit detection, 449, 519 
Hulll.an Interface Guidelines, 179, 

186, 188,211,221,398,427 
Hysteresis, 409 

IApplication,165,334 
ICOill.Ill.and, 402 
ICON,231 
ID 28 bolll.b, 97 
IDeleteCill.d, 400, 401-402 
IDialogsApplication, 428 
Idle tilll.e, processing at idle tilll.e, 

192 
IDoculll.ent, 344, 355 
#ifndef, 142, 149, 203 
#if qDebug, 203 
!List, 176 
IMPLEMENTATION file, of Unit, 

79 
#include, 140, 142 
Index variable, 116 
Info, 409 
Inheritance, 37-38 

inheritance lattice, 54-55 
Ill.ultiple inheritance, 54 

Inherited, 262-264 
Pascalkeyword,97 

Initialization Ill.ethods 
constructor, 105 
nalll.ing conventions, 90 
in Pascal, 96-97 
rule for writing, 97 
variables, 272-274 

InitRectArray, 413, 416 
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lnitUMacApp, 199 
Inline functions 

advantages to use, 125 
C++, 102 
example of use, 125-126, 134, 

136 
non-virtual inline functions, 126 
virtual inline functions, 125 

Input/output 
problem related to, 453-454 
See also Object 1/0. 

InsertFirst, 176, 361 
InsertLast, 176, 361, 374 

· Inspect, debugger command, 254-
255 

Instance methods, 267 
Instance variables, 125 

to hold pointers, 140 
naming conventions, 90 

INTERFACE file, of Unit, 78 
Interfaces 

MacApp folder, 72 
MPW folder, 67 

Invalidate, 506 
InvalidRect, 170, 295, 373, 374, 

403,506 
!Res, 171, 416 
IsFiltered, 547 
Iterator method, 41 
!View, 170 

K 
kMaxCoord, 291 
Known, Boolean parameter, 474-

475 
kSquareDots, 336 

L 
Last, 176 
LastThat, 176, 361, 362 
Launching application, methods 

of, 182-183 

Libraries 
MacApp folder, 72 
MPW folder, 68 

Lists 
applications using lists, 278 
Bird program, 363-376 

application classes, 367 
bird class, 369-370 
bird icon, 363-365 
creating bird list, 370-371 
document class, 367-369 
drawing all birds, 375-376 
freeing bird list, 372 
single bird added to list, 372-

374 
view class, 369 

composition of, 359-360 
of objects, 175-176 
TList, 360-363 

LookupClasslD, 470 

M 
MABuild, 82-83 

files in build process, 84-85 
MacApp, 11 

benefits of 
debugging, 17 
dialogs, easy, 18 
error handling, 18 
full user interface support, 16 
guaranteed compatibility, 17 
memory management, 17 
printing, ease of, 18 
text editing, 18 
undo, ease of, 17 

challenges of, 24-28 
class hierarchy, 161 
class library 

dialogs, 174 
TApplication, 163-165 
TCommand, 176-177 
TDocument, 166-168 



TevtHandler, 162-163 
TList, 175-176 
TObject, 162 
TScrollBar, 173 
TScroller, 173 
TView, 168-171 
TWindows, 172 
view classes, 174-175 

code, size of, 181 
debug and non-debug versions, 

83-84 
example of use, paint program, 

20-24 
files/folders of 

interfaces, 72 
libraries, 72 
sample programs, 72-73 
start-up file, 69 
start-up your Name, 69-70 
tools, 72 

functions handled by, 19 
help, 75 
installation of, 82 
knowledge requirements for 

use of, 6-8 
launching applications, 182-183 
learning of, 43 
MABuild, 82-83 

files in build process, 84-85 
MAmake extension, 85 
menus, handling of, 188-191 
modular approach, 207-208 
mouse clicks, handling of, 191 
naming conventions, 90 
opening existing file, 184 
organizations for programmers, 

9 
override methods, 182 
processing at idle time, 192 
programming language of, 4 
saving file to disk, 184-186 
Simple sample program, 195-

208 
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techniques 
cloning, 270-271 
display lists, 278 
garbage collection, 279-280 
method lookup, 261-268 
multiple references to object, 

269-270 
variables, 271-278 

tools 
DeRez, 233 
PostRez, 233 
ResEdit, 231 
Rez, 232-233 
ViewEdit, 231 

uniqueness of program and, 180 
Units, 77-79 
usefulness of, 12, 159-160 
users of, 12 
variables of, 276-278 
window events, handling of, 

186-188 
MacApp Developer's Association, 

9 
Macintosh Programmer's Work-

shop (MPW) 
case sensitivity, 79 
command language of, 65 
Commando, 76 
files/folders of 

interfaces, 67 
libraries, 68 
MPW shell, 67 
scripts, 69 
start-up file, 67 
tools, 68 

hard disk organization, 67-73 
MacApp Folder, 69-73 
MPW Folder, 67-69 

hardware requirements, 66 
help, 74-76 
Mark menu, 76 
mouse, use of, 73 
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NewPermHandle, 355 
NewPtr,267 
NewshapeDragger, 447 
NewSimpleWindow, 218-219, 346 
N ewSketcher, 533 
NewTemplateWindow, 316, 328, 

334,336,344,346,348,414, 
432,435 

Nocommand, 207, 389 
Nonrelocatable blocks, 94 
Non-virtual inline functions, 126 
Nothing, 73 
N"ULL, 199,296,336,355,373 

0 
Object I/O 

error recovery and, 472-476 
first steps in, 468-469 
implementation difficulties, 467 
memory use and, 469-472 
TStreamObject class, 476-477 

Object oriented design 
design tips, 47-50 
improving design 

make new classes from exist­
ing classes, 53-55 

subclass existing classes, 50-
52 

use of common properties, 52 
moon landing simulator, exam­

ple of, 56-60 
Object-oriented programming, use 

of term, 12 
Object Pascal, 4, 7, 11 

class, defining, 93 
compilers supporting, 88 
development of, 88 
dot syntax, 95 
dynamic allocation of objects, 

121 
function in, 93 
initialization method, 96-97 

learning of, 89 
and MacApp, 88 
main program, 92, 97-98 
make file, 98 
messages, sending, 95-96 
money, example program, 89-98 
MPW tools, 90 
objects, creating, 94-95 
overriding method, 94 
procedure in, 93 
reusable overridden code, 97 
subclass, defining, 93 
use of C++ features and, 468 

Object programming 
advantages of, 44-45 
classes, 36-39 

class diagrams, 36-37 
inheritance, 37-38 
subclassing, 37-38 
superclass, 37 

learning of, 30, 42-43 
maintainable code of, 15 
messages, 32-34 
model for, 14-15 
objects, 30-33, 35 
optimization, time for, 102 
overriding, 39 
polymorphism, 39, 40 
programming techniques and, 

42 
reusable code, 15-16, 39-40 
successive refinement and, 16 
usefulness of, 12-14 

Object-reference variable, 94 
Objects, 30-33, 35 

classes of, 36-39 
conversion of, 479 
creating in Pascal, 94-95 
in creation of building blocks, 

444-447 
dynamically allocated objects, 

107-108 



implementation of Pascal ob-
jects, 468 

list of, 175-176 
messages and, 32-34 
method and, 34, 35 
modular objects, 35 
Multiple references to object, 

269-270 
named object, 107 
object reference variable, 33 
programming with, 42 
sources of, 35 
specialized objects, use of, 31 
state and behavior of, 30 
static/ dynamic allocation of, 

120-122 
storage in memory, 265-268 
type checking, 154-155 
working as team, 275-276 

OffsetBy, 527 
Opening file, 379-380 

existing file, 184 
from Finder, 183 

OpenNew, 346, 347 
OpenOld, 184, 346, 347 
Output redirect, debugger com­

mand, 255 
Overloaded functions 

C++, 101-104 
constant declarations, 103 
inline functions vs. macros, 

102 
type void, 103 

use of, 144, 149-151 
OVERRIDE 

caution in use of, 126 
Pascal keyword, 126 

Override methods, 182 
example of use, 151 
in Pascal, 94 

Overriding function, C++ version 
of, 101 
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p 
Paint program, writing of, 20-24 
Palette, 485 

alternative implementations for 
patterns, 489 

Bird program, 410-416 
creating/ describing palette, 

411-413 
creating palette view, 413-415 
initialization of static varia-

ble, 416 
Palette windows, 219 
Pascal, Unit structure, 77-79 
Paste, 565-570 
PenNormal, 309 
PerformCommand, 404 
Permanent memory, 355 
PICT, 79, 224, 231 
Pixmap, 519 
Pointer-based objects, 123, 134 
Pointer operator, 107 
Polymorphism, 39, 40, 106, 140, 

153, 155, 157 
example in code, 263 
in Pascal, 94 

PoseModally, 435 
PostRez 

resource creation and, 81 
use of, 233 

PrintfO, 435 
Printing, 218 

benefits of MacApp, 18 
invoice, with method lookup, 

152-153 
limitations, 218 
views, 311-313 

Private, C++ keyword, 104, 105, 
112 

Private failure handler, 538 
Procedure, in Object Pascal, 93 
ProcessShape, 511 
ProgramBreak,467 
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Programmers 
criteria of good programmer, 5 
requirements of, 13 

Protected, C ++ keyword, 104, 105 
Pt2Rect, 424 
Pt2shape,502,504,508 
Public, C ++ keyword, 105 

Q 
QDToViewPt, 291 
QuickDraw, 262, 519 
Quit to Shell, debugger command, 

259 

R 
ReadBytes, 457, 459, 461, 462, 463, 

464,478 
ReadFrom, 476, 536-541 
Reading/writing documents, 535-

543 
DoNeedDiskSpace, 541-543 
DoRead, 541-543 
low-level methods, 536-541 
ReadFrom, 536-541 
WriteTo, 536-541 

ReadObject, 468-476 
ReadShort, 459 
ReadStreamObject, 477, 480, 537, 

541 
ReadString, 460 
Recent history, debugger com­

mand, 250-251 
Recipe files 

C++ recipe, 236-237 
Rez Recipe, 237-238 
source code management, 236-

237 
RECORD, Pascal keyword, 93 
Redolt, 177, 191, 401, 402, 424, 506, 

507,528 
Redrawing, messages for, 295-296 
Refnum, 462 
RegisterClassID, 470 

Relocatable blocks, 94-95, 122 
RememberSelection, 527 
RemoveShape,506 
RequestFileName, 345 
Res Edit 

caution related to, 81 
MPW,81 
resource creation and, 81 
use of, 231 

Resource compiler, MPW, 80 
Resource fork, 166, 342 

saving in, 186-187 
Resources 

case sensitivity, 204 
management of, 230 
resource files, 201 
resource IDs, ranges for, 206 
tools to create 

DeRez, 81 
PostRez, 81 
ResEdit, 81 
Rez, 80 
ViewEdit, 81 

types of, 79 
RestoreSelection, 527 
ReturnBytes, 377 
ReturnFrame, 370, 374, 376, 403 
Reusable code, 15-16 

adding new features and, 155 
building blocks 

constants, 447-448 
creating objects, 444-447 
definition of new classes, 441-

442 
definition of new methods, 

442-444 
documentation, 448-449 
global variables, 448 
users of, 441 

example of use, 155 
rationale for, 439-440 
reusable overridden code, 97, 

151 



Revert, 344 
support of, 357, 380 

Rez,201,203 
MPW,80 
resource creation and, 80 
use of, 232-233 

Rez Recipe, 237-238 
ROM, 439-440 
Run, 165, 200 

s 
Saving 

in data fork, 186 
document files, 377-379 
file to disk, 184-186 
in resource fork, 186 

Scrap, DeskScrap, 224-225 
Scrap Manager, 453 
Screen display, 168-171 
Scrollable views, 217 
Scrollbars 

resizing window and, 288 
types of, 173 

Scrolling, 173 
view, 286-287 

Seg!, 207 
SelectlnBounds, 517 
SelectShape, 517 
SELF, Pascal keyword, 96, 97, 113 
Set breakpoint, debugger com-

mand, 249-250 
SetClip, 293 
SetColorCmd, 391, 393, 394, 418 
SetEltType, 176, 363 
SetFramePattern, 537 
SetFrameSize,487 
SetHLPenState, 418, 511 
SetlnteriorPattern, 537 
SetOrigin, 293, 521 
SetPort, 293 
SetPosition, 460, 461, 462, 464, 476 
SetRadius, 494 
SetShapeFilter, 549-550 
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SetSize, 461, 462, 465 
SetupFrameStyle, 444 
ShapeContainingPt, 519-521, 522 
Shapes 

aspects of, 484-485 
drawing of, 490-492 
filtering of, 546-551 
styles for, 488-490 
TShape, 485-487, 493-494 
TShapeList, 495-498 
See also Graphics building 

block; Mouse commands. 
Shared references, 480-481 
ShiftConstrain, 505 
ShowModalDialog, 428, 434 
Show Reverted, 357 
Simple program, 195-208 

class diagram, 196 
cmnu command menus, 204-207 
Include statements, 202-203 
resources of, 201 
source files, 197-200 

16-bit coordinates, 486 
SIZE, 201, 205 
sizeFillPages, 291, 334 
sizeFixed, 291 
Size messages, of TView, 292-293 
sizePage, 291, 334 
sizeRelSuperView, 291 
sizeSuperView, 291, 413 
sizeVariable, 291 
Smalltalk, 44, 50 

protected variables, 105 
Source code 

management of, 234-238 
browsers, 235-236 
recipe files, 236-237 

size for MacApp, 181 
SpaceBar, debugger command, 

257 
Stack crawl, debugger command, 

252-253 
Stagger method, 297 
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Standard File Package, 179-180 
Start-up file 

MacApp folder, 69 
MPW folder, 67 

Start-up your Name, MacApp 
folder, 69-70 

Static method, 267 
Static objects, 107, 121-122 
Static variables 

allocation of, 147 
in Color Menu, 392-398 
initialization of, 416 

Storing, 166-168 
disk directory and, 166 
See also Saving. 

STR#, 79 
Streams 

attributes of, 454-455 
class hierarchy, 455-457 
streamID, 470 
TStream, 457-467 
See also Object 1/0. 

Stroustrup, Bjarne, 99 
Struct, C++ keyword, 104 
StuffText, 298 
StuffTheText, 356 
Subclasses, 37-38, 262 

defining in Pascal, 93 
for existing classes, 50-52 
learning about, 52 
new classes made from existing 

classes, 53-55 
value of, 38 

Subview management messages, 
of TView, 291-292 

Superclass, 37 
constructor of, 106 
Symantec, 88 
System clocks, of Macintosh, 114 

T 
T AbstractRectangle, 494 
TApplication, 172, 179, 182, 191, 

196, 198,199,334 
configuration record, 165 
methods used, 165 
overridden methods, 165 
variables, 164 

Target chain, 163 
menus, 189 

TAssociation, 447 
TBackFilter, 554 
TBox,261,262,263,264 
TBufferedFileStream, 478 
TButton, 175 
TCheckBox, 175 
TCircle, 268, 269 
TCluster, 175, 431 
TColorBox, 262, 263 
TCommand, 191, 222-223, 402 

methods used, 177 
overridden methods, 177 
variables, 177 

TControl, 175, 300, 428 
subclasses of, 301 

TCountingStream, 466-467, 478 
TCtlMrg, 175 
TDeleteCmd, 400, 402, 404 
TDeskScrapView, 175, 226 
TDialogView, 175, 220, 221, 428, 

429,435 
TDocument 179,213,341 

methods used, 167, 344-345 
overridden methods, 167-168 
variables, 167, 343 

TDynamicArray, 360, 362 
TeditText, 175, 431 
Templates, 93 
Temporary memory, 355 
Tesler, Larry, 88 
TEvtHandler, 168, 177, 189, 192 



methods used, 163 
overridden methods, 163 
variables, 163 

TEXT, 166, 224 
Text editing, benefits of MacApp, 

18 
Text editing window 

application, 331-332 
program,332-338 

header file, 332 
implementation portion of, 

333-336 
main program, 338 
resource file, 336-338 

Text program, 347-357 
application, 351-354 
class diagram, 348 
header file, 349-350 
initialization methods, 354-357 
main program, 348-349 
supporting revert, 357 

TFeedbackPattern, 503 
TFileStream, 455-456, 462 
TFormattedDocument, 214 
TFrontFilter, 553 
TGridView, 175, 298 
THandleStream, 455, 462-465, 478 
theClickCount, 409 
theMouse, 409 
32-bit coordinates, 486 
This->, 309 

writing code and, 113 
This, 262-264 
Tick count timer, 114 
Ticon, 175, 188 
TimeManager, 114 
TlnteriorFilter, 546, 548, 551 
Tinybenchmark, C++ program, 

108 
building program, 116-118 
global variables, 115 
main program, 115-116 
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make file, 116-118 
program files, 109-115 
program structure, 108-109 
results of running program, 

118-119 
source code, 110-112 

TLine,442,493 
TList, 495 

methods used, 176, 360-363 
subclasses, 360 

TML Systems, 88 
TModelessView, 429, 430 
'fr'.JumberText 175 
TObject, 268, 445 

methods used, 162 
overridden methods, 162 

Tools 
DeRez, 233 
MacApp folder, 72 
MPW,90 
MPW folder, 68 
PostRez, 233 
ResEdit, 231 
Rez, 232-233 
ViewEdit, 231 

TOutlineView, 215, 216 
TOval, 493-494 
TPaletteView, 216, 411, 413 
TPicture, 175, 188 
TPopup, 175, 433 
TPopupMenu, 430 
TQuickDrawPattern, 488, 490 
Trace, debugger command, 256 
TrackConstrain, 177, 191, 421, 423, 

505-506 
TrackFeedback, 177, 191,423,504, 

522-523 
Trackrviouse, 177, 191,408,420, 

423, 424, 504, 505, 515-517, 
523-525 

trackRelease, 424 
TRadio, 175, 431 
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TRectangle, 442, 469, 493 
TRoundedCornerRectangle, 494 
TRY, 538 
TScoller, 175 
TScrollBar, 175, 188 
TScroller, 217, 286-287, 298 

variables, 298 
TShadow-Box,262,263,264 
TShadow-edRectangle, 479 
TShape,268,442,444,485-487 

method used, 485-487 
TLine, 493 
TOval, 493-494 
TRectangle, 493 

TShapeChanger, 548-549 
TShapeDragger, 444-447, 530 
TShapeFilter, 546 
TShapeList, 495-498, 509-511 

as subclass of Tdocument, 497 
TShapeListChanger, 556-557 
TShapePalette, 530, 531 
TShapeSelector, 515-518, 529 
TShapeSketcher, 502-508, 531 
TShapeView-Helper, 498-499, 518-

519, 531, 534 
TSketcher, 419, 421 
TSortedList, 360 
TSScrollBar, 175, 286-287 
TStaticText, 175, 430 
TStdPrintHandler, 167, 218, 338 
TStream, 457-467, 472 

decisions in use of, 458 
higher-level data and, 459-461 
implementation issues 

DoNeedDiskSpace to im­
prove use, 478-479 

handling of shared refer­
ences, 480-481 

object conversions, 479 
TFileStream performance, 

477-478 

methods used, 457 
subclasses, 461-467 
TCountingStream, 466-467 
TFileStream, 462 
THandleStream, 462-465 
TTECutCopyCommand, 300 
TTEPasteCommand, 300 
TTEView-, 168, 175, 188, 215, 

298-300,331,333,336,348 
methods used, 298-300 

TTextDocument, 214 
TTextGridView-, 175, 298 
TTextListView-, 175, 298 
TTransparentPattern, 503 
TTreeView-, 215, 216 
TView-, 172, 175, 179, 180, 215, 218, 

220,289-296,369,403 
messages 

coordinate conversion mes-
sages, 291 

cursor shape, 296 
to draw- view- contents, 294 
focus messages, 293 
mouse messages, 296 
for redraw-ing, 295-296 
size messages, 292-293 
subview- management mes-

sages, 291-292 
methods used, 170 
overridden methods, 170-171 
variables, 169, 290 

T\Vindow-, 175, 191,218,226,296-
297,430 

variables, 172, 297 
Type casting, 270, 271 
Type checking, 201, 442, 455 

C++, 101 
example of use, 154-155 

Type coercion, 271 
Type void, C ++, 103 



u 
Undo, 222-223 

benefits of MacApp, 17 
necessity of, 222 
support for, 176-177 
support of, Command objects, 

176-177, 222-223 
Undo Delete First, 399 
Undolt, 177, 191, 401, 402, 403, 

404,424,506,507,528 
UnfilteredEach, 553 
Unit, 77-79 

IMPLEMENTATION file, 79 
INTERFACE file, 78 
UNIT file, 77 
USES file, 78 

UNIT file, of Unit, 77 
UNIX, 122 

compared to MPW, 71 
Update events, windows, 186-187 
User interface 

benefits of MacApp, 16 
clipboard, 223-226 
criteria of good interface, 211 
dialogs, 220-221 
printing, 218 
specifications,212 
storing data, 213-215 
undo, 222-223 
views, 215-217 
windows, 218-219 

USES file, of Unit, 78 
USES statement, 92 

v 
Variables, 271-278 

C++, 103 
categories of, 271 
global variables, 90, 94 
initialization of, 272-274 
MacApp variables, 276-278 
naming conventions, 90 
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object-reference variable, 94 
in Pascal, 94 
private variables, 105 
protected variables, 105 
public variables, 105 
to reference other objects, 275-

276, 277 
VCoordinate, 288 
View, 79, 80, 81 
View classes 

TButton, 175 
TCheckBox, 175 
TCluster, 175 
TControl, 175, 300 
TCtlMgr, 175 
TDeskScrapView, 175 
TDialogView, 175 
TEditText, 175 
TGridView, 175, 298 
Ticon, 175 
TNumberText, 175 
TPicture, 175 
TPopup, 175 
TRadio, 175 
TScrollBar, 175 
TScroller, 175, 298 
TSrollbar, 175 
TSScrollBar, 175 
TStaticText, 175 
TTEView, 175, 298-300 
TTextGridView, 175 
TTextListView, 175 
TView, 175, 289-296 
TWindow, 175, 296-297 

View Edit 
advantages of, 316 
custom view, creating, 323 
deadstrip suppression and, 329 
default button and, 322 
dialog creation, 428-435 
resource creation and, 81 
use of, 231 
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view resources 
conversion to text file, 329 
creating, 317-321 

VRes program, 316-317 
main program, 324-329 

Views, 215-217 
architecture of, 286 
dipping view, 288 
design of, 215-216 
methods for creation of, 302-311 

creating window with view, 
306-309 

drawing view, 309 
example programs, 304-309 
procedural creation, 302-304 

printing, 311-313 
process in creation of, 300-302 
relationship to documents and 

windows, 300-302 
scrollable views, 217 
scrollbar control, 288 
scrolling view, 286-287 

ViewToQDPt, 291, 504 
Virtual, C ++ keyword, 106 
Virtual function, 39, 113, 114 
Virtual inline functions, 125 
Virtual table, 115 
Void, C++ keyword, 106 
VPoint, 288 
VRect, 288 
Vtables, 40 

w 
WIND, 79, 80 
Windows, 172, 218-219 

activate events, 187 
design of 

palette windows, 219 
simple windows, 218 

Ora w method, 188 
update events, 186-187 

Wirth, Niklaus, 88 

WriteBytes, 457, 458, 459, 461, 462, 
463,464,466,478 

Writelnteger, 461 
WriteObject, 468-476 
WriteObjectSize, 475 
WriteShort, 459 
WriteStreamObject, 477, 480, 537 
WriteString, 460 
WriteTo, 476, 536-541 
WriteToDeskScrap, 559, 563-565 
Writing documents. See Reading/ 

writing documents 

x 
XY24, 166 
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