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LStr255 is a subclass of LString that handles a Pascal string of up to 255 characters. 
It therefore comes in handy for a number of ToolBox calls, particularly because you 
can use an LStr255 object anywhere a function requires a parameter of Str255. Using 
a string object also makes string handling easier because you can, in most cases, write 
simpler code that avoids explicit function calls. In particular, you can perform string 
assignment, concatenation, and comparison using the typical operators. 

There is one limitation to the overloaded string operators of which you should be 
aware. While most of the overloading allows you to place the string object on either 
side of most operators, the [ ] operator only returns a character at a given position in 
the string; it cannot be used on the left side of an assignment operator to change a 
character. For example, the following code is valid: 

LStr255 myString; 
char oneletter; 

myString = "Sample String"; 
oneletter = myString[6]; 

However, the code below won't work because the compiler expects a pointer (the 
location where the character is stored) but instead receives an integer: 

LStr255 myString; 
myString[7J = • z'; 

SUBCLASS/NG LSTRING: PSTRING 

The Penultimate Video's class PString is a subclass of LString that is very similar to 
LStr255. However, it has a couple of additions to ease conversions between C and 
Pascal strings, and in particular, the Penultimate Videos class CString. As you can see 
in Table 10.1, the class contains constructors that transform a variety of types of 
input (Pascal strings, PString objects, C strings, integers, floating point numbers, and 
characters) into a PString. The remainder of its functions, including the overloaded 
operators for assignment, concatenation, and comparison, are either global or inher­
ited from LString. 

The class also contains a variable called m St r i n g, which acts as storage for the 
string being managed by an object of this class. LString does not provide any string 
storage; you must make it part of a derived class. 

The first addition to the PString class is another constructor, which takes a CString 
object and converts it to a PString. This constructor is particularly important for Pen­
ultimate Videos because it stores its data as C strings. 
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Listing 10.1 The PString class 

class PString : public LString 
( 

public: 
II constructors : unfortunately, they aren't inherited 
PString (); 
PString (canst PString& inOriginal l: 
PString (canst LString& inOriginal l; 
PString (ConstStringPtr inStringPtr); 
PString (Uchar inCharl: 
PString (canst char* inCString); 
PString (canst void* inPtr, Uint8 inlengthl: 
PString (Handle inHandle); 
PString (ResIDT inResID, Int16 inindexl: 
PString (Int32 inNumber): 
PString (double_t inNumber, Int8 inStyle, Int16 inDigits): 
PString (FourCharCode inCode); 

PString & operator= Cconst LString& inStringJ II All this is based on LStr255 
{ 

LStri ng:: operator=( i nStri ng l: 
return *this; 

PString & operator= (ConstStfingPtrinStringPtrl 
{ 

LString: :operator=(inStringPtr); 
return *this: 

PString & operator= (Uchar inChar) 
{ 

LString::operator=(inChar); 
return *this; 

PString & operator= (canst char* inCString) 
{ 

LString: :operator=(inCString): 
return *this: 

PString & operator= (lnt32 inNumberl 
( 

LString: :operator=(inNumber): 
return *this; 

Continued next page 
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Listing 10.1 The PString class 

} ; 

PString & operator= (FourCharCode inCode) 
{ 

LString::operator=(inCode); 
return *this; 

II Constructor added to handle CString objects 
PString (CString); II source is a CString object 
II Function added to return string pointer; alternative is to assign 
II the pointer to mStringPtr and use the LString operator StringPtr. 
unsigned char* getmString(); 

protected: 
Str255 mString; 

The second addition is a function called get m St r i n g, which returns a pointer to 
the Pascal string being handled by a PString object. The CString class needs this so 
that it can accept a PString object as input and translate the contents into CString for­
mat. There are actually two ways to provide this pointer. LString contains a variable 
called mStri ngPtr, which is returned by the ConstStri ngPtr and Stri ngPtr 
functions. The derived class can assign the address of its string storage (in the case of 
the PString class, mStri ng) to mStri ngPtr in its constructors. Alternatively, a 
derived class can add a simple function that returns a pointer to mStri ng, without 
involving m St r i n g Pt r at all. 

ADDING A CLASS FOR C STRINGS: CSTRING 

Because Penultimate Videos makes such extensive use of C strings, the program can 
be simplified considerably if it has a class for a C string that interacts seamlessly with 
a PowerPlant class for Pascal strings. The CString class (Listing 10.2), is a complete C 
string class that includes a large number of overloaded operators that work with the 
CString object on either side of the operator. The overloading supports CString 
objects, PString objects, and standard C strings (ch a r *). 

A CString object can be used anywhere a function expects a ch a r * parameter. 
This capability is provided by the overloaded operator char*, whose implementa­
tion simply returns the address of the CString variable c St r i n g, a 25 5-character C 
string. 
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Listing 10.2 The CString class 

class CString 
( 

II operators overloaded as friend functions 

II equal to 
friend int operator== CCString, char *); 
friend int operator== Cchar *, CString); 
friend int operator== CCString, PString); 
friend int operator== CPString, CString); 

II not equal to 
friend int operator!= CCString, char *); 
friend int operator!= (char * CString); 
friend int operator!= CCString, PStri ng): 
friend int operator!= CPString, CString); 

II greater than 
friend int operator> CCString, char*); 
friend int operator> (char*, CString); 
friend int operator> CCString, PString); 
friend int operator> CPString, CString); 

II greater than or equal to 
friend int operator>= CCString, char*); 
friend int operator>= (char*, CStringl; 
friend int operator>= CCString, PString); 
friend int operator>= CPString, CString); 

II less than 
friend int operator< CCString, char*); 
friend int operator< (char*, CString); 
friend int operator< CCString, PString); 
friend int operator< CPString, CString); 

II less than or equal to 
friend int operator<= CCString, char*); 
friend int operator<= (char*, CString); 
friend int operator<= CCString, PString); 
friend int operator<= CPString, CString); 

private: 
char cString[256]: II 255 character C string 

public: 
CString (); II create and initialize to null 
CString CCString &l: 
CString Cchar *); 
CString CPString); 
char* getcString (); II return pointer to the string itself 
int len (); II get length of string 

Continued next page 
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Listing 10.2 (Continued) The CString class 

I: 

II overloaded operators 

II assignment 
void operator= CCString *); II assignment between two C string objects 
void operator= (char*); II assignment from a literal 
void operator= CPString *); II assignment and conversion from PString 

II relationship 
int operator== (CString); 
int operator> CCString); 
int operator>= CCString); 
int operator< CCString); 
int operator<= CCString); 
int operator!= CCString); 

II concatenation 
void operator+= (CString); 
void operator+= (char*); 
void operator+= CPString); 

II cbaracter access 
char operator[] (int); II program sends in array index; use on right side of= 

II type conversion (lets you use CString in place of char *) 
operator char*(); 

The CString class suffers from the same limitation as PString: The [ ] operator can 
be used only to retrieve a character from a given position in the string. It can't be 
used as the target of an assignment. 

NOTE 
PString and CString can be found in the files stringobjects.h and stringobjects.cpp. 

USING THE STRING CLASSES 

Using the PString and CString classes can greatly simplify string handling in a pro­
gram where you are mixing the two types of strings. As an example, look at the block 
of code that appears in Listing 10.3, which has been taken from the Penultimate 
Video application object's Dis pl ayTi t le Info function. 

The program first declares an object of class PString. It then identifies the dialog 
box that triggered the function call and retrieves a pointer to the dialog box's list box. 
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Listing 10.3 Using PString and CString objects 

II Declare a PString object 
PString pascalString; 

LDialogBox * theDialog = dialogResponse->dialogBox; 
LListBox * thelist = CLListBox *) theDialog->FindPaneBylD CTITLE_LIST_BOX); 

II Use the PString object to receive the highlighted item 
theList->GetDescriptor CpascalStringl; II get first highlighted item 

II Copy the PString object to a CString object. making the conversion from 
II a Pascal string to a C string 
CString cTitle = pascalString; 

II Use the CString object in place of a C string 
Parent= Items->find CcTitlel; II find item with that title 

Then it calls Get De s c r i pt o r to retrieve the text of the highlighted item in the list 
box. However, unlike the examples you saw in Chapter 8, in this case the parameter 
in which the descriptor is to be returned is a PString object rather than a variable of 
type Str255. (Remember, you can use a Power Plant Pascal string object anywhere a 
function requires a Pascal string of the same length.) 

Because the purpose of the Di s p 1 a y T i t 1 e I n f o function is to display a collec­
tion of information about the selected merchandise item, the function must retrieve 
a pointer to the selected item. The Penultimate Videos program stores all its data as 
C strings. Therefore, the PString object that contains the descriptor from the list box 
must be converted to a CString before it can be used in a search of the binary tree of 
titles. To make the conversion, all the program needs to do is create a CString object 
and assign the contents of the PString object to it. The CString object can then be 
used in the f i n d function in place of a C string. 

Lists 

As you read earlier, PowerPlant makes extensive use of linked lists to relate objects 
within the PowerPlant environment. The same classes that PowerPlant uses for its 
own internal purposes are available to help you manage objects within your own pro­
gram. 

The list class hierarchy begins with the class LlteratedList, an abstract base class 
that provides support for connecting iterators to and removing iterators from a list. 
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It does not provide storage for or access to the members of a list. That must be pro­
vided by another class-LDynamicArray. The single derived class provided by Power­
Plant-the one used for many of PowerPlant's internal data structures-is LList. 

CREATING AND MAINTAINING A LIST 

LList stores items of any type. As you might expect, typically those items are point~rs 
to objects. Once you've created the LList object, the class provides the following iter­
ations with the list: 

• Retrieval of the number of items in the list using the Get Count function. 
• Retrieval of an item at a specified position (index) in the list using the Fetch -

I t e mA t function. The items in a list are numbered beginning with 1. 
• Insertion of one or more items at a specified index in the list using the I n -

s er tI t ems At function. 
• Removal of one or more items at a specified index in the list using the Re -

moveitemsAt function. 

You may also find some of the Fetch I n de x 0 f function-which is inherited from 
LDynamicArray-to be useful. It returns the position in the list of an item. In other 
words, Fetch I n de x 0 f performs a search of the list using a pointer to the item you 
want to find. 

The Penultimate Videos program uses an object of class LList to connect rented 
merchandise items to the customer who rented them. To support the list, the Cus­
tomer class contains a pointer to an LList object (Items_rented). The list object is 
created in the class's constructors with the following statement: 

Items_rented =new Llist(); 

This particular constructor sets up a list of unknown length and unknown item size. 
Alternatively, you can pass a constructor the size of the item and the number of 
spaces to allocate for the list. In both cases, you have defined an empty list. However, 
if the items for the list happen to be available, you can pass yet a third constructor the 
size of the items and a handle to where they are stored, generating a list that is 
already populated. 

Whenever a Penultimate Videos customer rents an item, a pointer to that item is 
inserted into the linked list of rentals for that customer (see Listing 10.4). In the Rent 
function, the program retrieves a pointer to the customer renting the item and then 
calls the customer object's InsertRenteditem function to actually perform the 
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insertion. As you can see in Listing 10.4,lnsertRentedltem contains just a call to 
the LList function Insert I terns At. 

Listing 10.4 Functions to insert an object into an Llist object 

date * Item_copy: :Rent <Customer * theRenter, int rental Period) 
{ 

DateTimeRec todayRec; 
date * today; 

::GetTime C&todayRecl; II call ToolBox routine to get current date and time 
today= new date <todayRec); 
*Date_due =(*today)+ rentalPeriod; II uses overloaded operators 
Renter_numb = theRenter->getRenter_numb(); 

II put item into customer's Llist of rented items 
theRenter->InsertRentedltem (this); 

In_stock = FALSE; 
return Date_due; 

void Customer::InsertRentedltem (!tem_copy * rentedltem) 
{ 

Items_rented->InsertltemsAt (1, array!ndex_Last, &rentedltem); 

To insert an item, you must specify three things: 

• The number of items to be inserted (in this case, just one). 
• The list position after which the new item(s) are to be inserted. In this example, 

the function call uses a constant that indicates that the item is to be placed at the 
end of the list. 

• The address of the item being inserted. Notice in Listing 10.4, for example, that 
the item being inserted is a pointer stored in the variable rented I tern. The func­
tion call therefore includes the address of the pointer variable rather than its con­
tents. 

Removing an item from a list means you must find the item first and find its posi­
tion in the list. We will leave finding the item for a moment, because it provides a 
good place to provide an example of using a list iterator. Therefore, assuming that 
you do know an item's list index, you can remove it with 

thelist->RemoveltemsAt (1, index); 
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The first parameter specifies the number of items to remove. The second is the start­
ing index in the list. 

USING A LIST /TERA TOR 

You might want to use a list iterator for several reasons. The most obvious is to 
traverse the list to access each member. However, you might also want to traverse the 
list to search it based on some value other than a pointer to the item (the only type of 
search supported by LList through its inherited Fetch I n de x 0 f function) or to find 
the location for inserting an item when you are keeping the list in some order. 

Basic list iteration is provided by the class LListlterator. It supports iteration from 
the first or last item in the list, as well as from a specified index position. The four 
functions you are most likely to use are these: 

• Current: Returns the current item. 
• Next: Moves to the next item in the list. 
• Pre vi o us: Moves to the previous item in the list. 
• ResetTo: Changes the current index to a specified position. 

The first three functions, which actually access items in the list, each return a Bool­
ean that indicates whether the access was successful. For example, if Next or Pr i or 
returns false, you have reached the end of the list. 

The beauty of an LListlterator object is that it can keep track of its position in the 
list even if the list changes. In other words, if you insert items into or remove items 
from a list while an iterator is attached to the list, the iterator remains valid. In fact, if 
the associated list object has been deleted, the iterator will gracefully handle the situ­
ation. 

The problem with an LListlterator object is that it can't tell you where it is: It can 
return the current object, but can't return that object's index. If you happen to be 
keeping the list in some order or need to search by something other than a pointer to 
the object, then you desperately need to be able to know that index. Admittedly, 
given that an iterator adjusts to changes in a list, the possibility exists that an index 
returned during a list traversal could be invalid when you try to use it. However, if 
you can be certain that the list won't change in the interval between finding the item 
and using the index of that item, then it would be extremely useful to have an iterator 
that returned the index. 

To solve the problem, the Penultimate Videos program uses a subclass of LListlt­
erator (IndexAccesslterator in Listing 10.5). This class adds a single function to LList­
Iterator that simply returns the value in the iterator object's mCu rr Index variable. 
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This iterator can then be used in any situation in which there is no chance that the 
list will change before the retrieved index is used. 

Listing 10.5 The lndexAccesslterator class 

class IndexAccesslterator : public Llistlterator 
{ 

I; 

friend class Llteratedlist; 

public: 
IndexAccesslterator (Llteratedlist &inlist, ArraylndexT inPositionl; 
-IndexAccesslterator(); 

getCurrentlndex(); 

To see a list iterator in action, take a look at Listing 10.6, the function that removes 
an item from a customer's linked list of rented items. Although a pointer to the item 
is available, for demonstration purposes the search uses the item's inventory number. 
The function first creates an iterator object from the IndexAccesslterator class. It 
then gets the first item in the list. If the list is empty, the variable sea rch_res ult 
will contain false; otherwise, search_resul t is true and list Item contains a 
pointer to the first item in the list. 

The function continues to iterate through the list by placing a call to the Next 
function in a w hi l e. The loop will stop as soon as the function encounters an item 
with the correct inventory number or there are no more items in the list. At that 
point, the function can remove the item from the linked list by placing a call to the 
get Cur rentl ndex function in the call to Remove I terns At. 

Files 

PowerPlant provides the class named LFile that acts as a wrapper for File Manager 
calls. You can use it to manage the entire data and/ or resource fork of a file. 
Although LFile includes code for opening both the data and resource forks, it only 
includes code for reading and writing the data fork; you will need to add your own 
code for handling the resource fork. 
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Listing 10.6 Using a list iterator 

void Customer::RemoveRentedltem Cltem_copy * rentedlteml 
{ 

Item_copy * listltem; 
Boolean search_result; 

II create list iterator 
IndexAccesslterator * Rllist =new IndexAccessiterator (*ltems_rented, ll; 

search_result = Rllist->Current C&listlteml; II get first item 

while Crentedltem->getlnventory_numb(l != listltem->getlnventory_numb(l 
&& search_resultl 

search_result = Rllist->Next C&listltem); II get next item in list 

if (!search_resultl 
{ 

else 

II alert goes here 

II remove item found 
Items_rented->RemoveltemsAt (1, Rllist->getCurrentlndex()); 

To demonstrate how an LFile object can simplify file handling, we'll be looking at 
code that opens and saves the contents of a Note object. In Listing 10.7, for example, 
you will find code that opens a file containing a note and places the text that has been 
read from the note into a Note object. 

The OpenNote function first uses the standard GetFile dialog box to obtain a 
FileSpec for the file to be opened. In particular, notice that the call to the ToolBox 
routine St and a rd Get Fi 1 e is bracketed by calls to two UDesktop routines: De a c -
ti vat e and Act i vat e. You should use these functions whenever your program will 
be displaying a modal dialog box, such as the GetFile dialog box. De act i vat e makes 
the front window inactive and lets the modal dialog box take over event trapping. 
You should therefore call it just before displaying a modal dialog box. Activate 
makes the front window active again and should be called immediately after a modal 
dialog box has been closed. 

Although there are several ways to initialize an LFile object, probably the easiest is 
to use a FileSpec. As you can see in Listing 10.7, the Open Note function retrieves the 
FileSpec from the data structure returned when the GetFile dialog box is closed. It 
then uses that FileSpec as input to a constructor when creating a new LFile object. 
Creating the object opens the file. If no file matches the file specified by the FileSpec, 
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Listing 10.7 Opening a note 

void Note::OpenNote () 
{ 

StandardFileReply replyStruct; 
SFTypelist typelist; 
short numTypes = l; 
Str63 fileName; 

typelist[OJ = 'TEXT': // read just text files 

UDesktop::Deactivate( ); 
: :StandardGetFile (nil. numTypes, typelist. &replyStruct); 
UDesktop: :Activate(); 

if (!replyStruct.sfGood) return: // user cancelled 

fileSpec = replyStruct.sfFile: 

Try_ 
I 

theFile =new LFile (fileSpec); 
theFile->OpenDataFork (fsRdWrPerm); 
Handle tempTextH = theFile->ReadDataFork(); 
SetTextHandle (tempTextH); 
::DisposeHandle CtempTextHl: 

LScroller * theScroller = (LScroller *) LPane::GetSuperViewCl: 
LWindow * theWindow = (LWindow *) theScroller->GetSuperView(): 
theWindow->SetDescriptorCreplyStruct.sfFile.name); 

Catch_ (inErr) 
I 

Throw_CinErr); 
EndCatch 
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no file will be opened. As you will see shortly, when you want a new file, you must 
create it explicitly. 

Once the file has been opened, OpenNote opens the file's data fork for both read­
ing and writing with the LFile function 0 pen Data Fork. Then, the function can use 
the function Re ad Data Fork to load the entire contents of the data fork into mem­
ory, returning a handle to where the data are located. 
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NOTE 
LFile contains a function related to OpenDataFork-OpenResourceFork-to open the 
resource fork of a file. However, there is no file analogous to ReadDataFork for the 
resource fork. As mentioned earlier, you will need to code resource fork reads yourself 
using File Manager calls. 

The next step is to insert the text into the text edit record being managed by a 
Note object. To do so, Open Note calls the LTextEdit function SetTextHandl e, 
which modifies the Note object so that it uses the handle to the text loaded from the 
file to locate a note's contents. Finally, the function disposes of the handle it created 
when loading data and sets the note window's title to the name of the file from which 
data were just loaded. 

Saving something in a file's data fork is almost precisely the opposite of reading 
the data fork. As you can see in Listing 10.8, there are two functions that handle sav­
ing a note. Save Note takes care of writing to the file; Save As Note handles naming 
a new file. 

Because saving a file always involves doing a Save As at least once, let's look first at 
the Sa v e As function. To save a file under a new name, the function does the follow­
ing: 

• Deactivates the front window. 
• Displays the standard PutFile dialog box to obtain a FileSpec. 
• Reactivates the front window. 
• Sets the name of the note window to the file name chosen by the user. 
• Assuming the user wants to create a new file (rather than replace an existing file 

of the same name), creates the file with the LFile function Crea teNewDa ta -
Fi l e. Notice that this function requires the creator string, the file type string, and 
a constant for the script system that should be used to display the file name. The 
0 in Listing 10.8 indicates a Roman script. 

• Calls the Save Note function to write the data to the file. 

NOTE 
Constants for script systems can be found in Script.h. 

The Sa v e Note function begins by deleting an existing LFile object, which closes 
the file. Then it creates a new object using the stored FileSpec and opens the file's 
data fork. To prepare for writing, Sa v e Note gets the handle to the text to be written 
and locks that handle. Finally, it can use the LFile function W r i t e Data Fork to write 
the entire note to the file at once. Notice that Save Note passes Wri teDa ta Fork a 
pointer to the text along with the number of bytes to be written. 
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Listing 10.8 Saving a note 

void Note::SaveNote () 
I 

delete theFile; // remove existing file object 
theFile =new LFile (fileSpec); //create new object 
theFile->OpenOataFork (fsRdWrPerm); 

Handle tempTextH = GetTextHandle (); 
StHandlelocker theLock(tempTextH); 
theFile->WriteDataFork (*tempTextH, GetHandleSize (tempTextH)); 

void Note::SaveAsNote () 
{ 

StandardFileReply replyStruct; 
LStr255 prompt= "Save note as:"; 
LStr255 fileName; 

UDesktop: :Deactivate(); 
::StandardPutFile (prompt, fileName. &replyStruct); 
UDesktop::Activate(); 

if (!replyStruct.sfGood) return; //user cancelled 

fileSpec = replyStruct.sfFile; 

LScroller * theScroller = (LScroller *) LPane::GetSuperView(l; 
LWindow * theWindow = (LWindow *) theScroller->GetSuperView(); 
theWindow->SetDescriptor(replyStruct.sfFile.name); 

if (!replyStruct.sfReplacing) 
theFile->CreateNewDataFile ('VidS', 'TEXT', 0); 

SaveNote(); 

mustSaveAs = FALSE; 

NOTE 
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In the CW8 InProgress folder, you will find a class called LStreamable. When complete, 
this class will act as a mix-in base class for any class whose data values you want to 
store in a file. Using overloaded operators inherited from LStream, you will be able to 
use the stream insertion and extraction operators to read from and write to a file. 
Doing so will be much like using ANSI stream I I 0, although somewhat simpler because 
you won't need to worry about things such as placing nulls at the end of C strings and 
skipping over blanks that follow numbers and precede strings. Keep an eye out for when 
this class graduates from "in progress" to becoming a useful part of PowerPlant. 



CHAPTER 

Repeated Actions: 
Periodicals 

In Chapter 6, where we looked at editing text, you were introduced to the idea of a 
periodical, a class whose objects receive attention at regular intervals, either after 
every event (repeaters) or after every idle event (idlers). The most widely visible use of 
a periodical in a Macintosh program, of course, is the flashing straight-line insertion 
point. However, that isn't the only instance in which an object needs to receive atten­
tion regularly. 

In this chapter we'll take a more in-depth look at periodicals so you can set up 
your own periodicals as needed. The example we'll be using is the Penultimate Vid­
eos memory monitor window (Figure 11.1), which displays the amount of memory 
available to the program at any given time. Once the window has been opened, the 
program updates it whenever the amount of free memory changes. 

NOTE 
Although you probably wouldn't make this type of information available to users of a 
real-world video store management program, the window nonetheless serves as a good 
example of a periodical. Because Penultimate Videos is totally memory-based-its data 
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Figure 11.1 The memory monitor window 

Amount of free memory: 

1734112 

are all stored in main memory-it also comes in handy when working on the program 
as a warning when memory shortages are likely to occur. 

The LPeriodical Class 

LPeriodical is a mix-in class: You add it to a derived class to provide additional func­
tionality to whatever the derived class is inheriting from other its other base class( es). 
If the class that should receive regular attention is a pane, then it will inherit from at 
least the pane class and LPeriodical; if the class is a window, then it will inherit from 
at least LWindow and LPeriodical. 

The LPeriodical class maintains two linked lists (objects of class LList): one of 
repeaters and one of idlers. The class stores pointers to the list objects. Because these 
pointers are stored in stat i c variables, a program maintains only one copy of those 
variables, which is shared by all objects that are derived from LPeriodical. 

To request that a program give time to a periodical, the program must insert the 
periodical into one or both of the periodical lists, using the following functions: 

• St a rt I d 1 i n g: Inserts a periodical into the idlers list. 
• St a rt Rep ea t i n g: Inserts a periodical into the repeaters list. 

To stop giving time to a periodical, a program removes them from the appropriate 
list using the following functions: 

• St o p I d 1 i n g: Removes a periodical from the idlers list. 
• Stop Repeat i n g: Removes a periodical from the repeaters list. 

As you may remember from Chapter 1, where we looked at PowerPlant' s event 
trapping mechanism, an application object's ProcessNextEvent function (Listing 
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1.3) contains two functions that traverse the periodical lists and handle all periodicals 
on those lists: Use Id l e Ti me takes care of idle events, including a call to the LPeriod­
ical function Dev o t e T i me To I d l e r s, which takes care of objects in the idler list; 
Dev o t e T i me To Rep ea t e r s is an LPeriodical function that handles the repeater list. 

Both DevoteTimeToidlers and DevoteTimeToRepeaters traverse the 
appropriate list and execute each object's SpendTi me function, a pure virtual func­
tion that you must override in a subclass. SpendTi me should perform whatever 
actions need to occur each time the object gets a chance to execute. 

Subclassing to Create a 
Periodical 

As you have read, a subclass that inherits from LPeriodical must also inherit from at 
least one other class. The memory monitor window class, for example, inherits from 
both LPeriodical and LWindow (see Listing 11.1). The class includes a F i n i s h C re -
ate Self function(overridingthe LPane function) and a SpendTi me function (over­
riding the LPeriodical function). The Fi ndCommandStatus function takes care of 
deactivating the Memory Monitor menu item when a window is open on the screen 
so that no more than one memory monitor window appears at any given time. 

Listing 11.1 The MemoryMonitor class 

class MemoryMonitor : public LWindow, public LPeriodical 
l 

I: 

public: 
static MemoryMonitor * CreateMemoryMonitorStream <LStream * inStream); 
MemoryMonitor(J; 
MemoryMonitor (LStream * inStreaml: 
-MemoryMonitor(J; 
void FindCommandStatus<CommandTinCommand, Boolean &outEnabled. 

Boolean &outUsesMark,Charl6 &outMark,Str255 outName) 

void FinishCreateSelf(); 
void SpendTime (canst EventRecord & inMacEvent); 

private: 
LPane * FreeMemCaption; 
long previousFree; 
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The class's Fr e eM emC apt i on variable holds a pointer to the LCaption object that 
displays the number of bytes of free memory; the pre vi o us Free variable holds the 
previous reading of the amount of free memory for determining whether the win­
dow needs to be updated. 

Several important things need to happen in a periodical's member functions. As 
you can see in Listing 11.2, the Fi n i sh Create Se 1 f function inserts an object into 
both the idler and repeater lists. The destructor removes the object from the lists, a 
step that is essential to ensuring that the program doesn't attempt to access a non­
existent object. 

Of course, most of the work occurs in the Spend Ti me function, which begins by 
calling the ToolBox routine FreeMem to retrieve the number of bytes of memory 
available to the program. The function could then immediately update the caption 
that displays the free memory. However, doing so causes the display to flicker. 
Spend Ti me therefore checks to see if the amount of free memory has changed since 
the last time the function was executed and updates the caption only if a change has 
occurred. 

Programming Support for a 
Periodical 

The Penultimate Videos application object activates the Memory Monitor menu item 
in its application object's Fi ndCommandStatus function. It then traps selection of 
that menu item in its ObeyCommand function, which simply creates the memory 
monitor window: 

LWindow * theMonitorWindow = 

LWindow: :CreateWindow CWINDOW_MEMORY_MONITOR, this); 

Because the memory monitor object's Fini shCreateSel f function takes care of 
installing the object into the periodical lists, there is nothing else the application 
object needs to do. 
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Listing 11.2 The MemoryMonitor class's member functions 

MemoryMonitor * MemoryMonitor::CreateMemoryMonitorStream CLStream * inStream) 
{ 

return (new MemoryMonitor (inStream)); 

MemoryMonitor::MemoryMonitor() 
I II empty 
} 

MemoryMonitor::MemoryMonitor CLStream * inStream) 
: LWindow (inStream) 

previousFree = O; 

II Destructor 
MemoryMonitor::-MemoryMonitor() 
{ 

II Remove object from lists of idlers and repeaters 
StopRepeating(); 
Stopldling(); 

II FinishCreateSelf 
void MemoryMonitor::FinishCreateSelf(} 
{ 

II Save pointer to caption that displays amount of free memory 
FreeMemCaption = (LPane *) FindPaneByID (FREE_MEMORY); 
II Add object to lists of idlers and repeaters 
StartRepeating(); 
Startldl ing(); 

II FindCommandStatus: used to deactivate menu option while window is on screen 
void MemoryMonitor::FindCommandStatusCCommandT inCommand, Boolean &outEnabled, 

Boolean &outUsesMark, Char16 &outMark,Str255 outName) 

switch (inCommand) 
{ 

case cmd_memory_monitor: 
outEnabled = false; 
outUsesMark = false; 
break; 

default: 
LWindow::FindCommandStatus (inCommand. outEnabled, outUsesMark. 

outMark. outName); 
break; 
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Listing 11.2 (Continued) The MemoryMonitor class's member functions 

II SpendTime 
void MemoryMonitor: :SpendTime (canst EventRecord & inMacEvent) 
{ 

#pragma unused (inMacEvent) II suppress error messages 

long bytesFree = ::FreeMem (); 
II update only if memory has changed to avoid flicker 
if (previousFree != bytesFree) 
{ 

PString stringBytes = bytesFree: 
previousFree = bytesFree; 
FreeMemCaption->SetDescriptor (stringBytes); 
FreeMemCaption->Refresh(); 



CHAPTER 

Printing 

Printing from a Macintosh application, while relatively simple for the user, has 
always been a challenge from the programmer's point of view. Fortunately, one of the 
things that PowerPlant does well is to simplify programming for printing. For exam­
ple, PowerPlant takes care of figuring out how to break up a document into pages. 

In this chapter we will be looking at the way in which PowerPlant implements 
printing and in particular at the classes LPrintout, LPlaceholder, and UPrintingMgr. 
You will see how to create LPrintout objects that contain LPlaceholder objects, how 
to implement the printing process, and how to add support for the Page Setup and 
Print dialog boxes. 
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How PowerPlant Printing 
Works 

Like many parts of PowerPlant, printing functions are managed by a sequence of 
interlinked functions that belong to more than one class. In this particular case, what 
the programmer needs to do and what PowerPlant does are very far removed from 
each other. To help you understand what is happened, we'll first look at what a pro­
gram needs to do to implement printing. Then we'll explore what PowerPlant does 
when a program initiates printing. 

A PROGRAM'S PRINTING TASKS 

To print the contents of a PowerPlant window, a program does the following: 

• Creates an object of class LPrintout. The printout object contains views created 
from LPlaceholder. 

• Installs views from the window whose contents are being printed into the place­
holders on the printout. 

• Tells the printout to print itself. 
• Deletes the LPrintout object to return the views from the placeholders to their 

original locations. 

Before telling the printout to print itself, a program may also display the Print job 
dialog box. 

THE PRINTING PROCESS 

Before beginning to print, the LPrintout class takes care of dividing the panes or 
views being printed into pages. The portion of a pane or view being printed that will 
fit on one page is called a panel. In this case, the boundaries of the placeholder into 
which a view is installed become the view's frame for the time the view resides in the 
placeholder. A panel is therefore the amount of a view that will fit into the place­
holder' s frame. 

The printing process is actually handled by both LPrintout and either LPane or 
LView (depending on whether you are printing a pane or a view). When a program 
calls the LPrintout function Do P r i n t Job, the call initiates the following sequence of 
actions: 
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• Do Pr i n t Job obtains the print job information (the range of panels to be printed 
and the number of copies to print). It then calls Pr i n t Panel Range, another 
LPrintout function. 

• Pr i n t Panel Range opens the print manager using the UPrintingMgr function 
0 p e n P r i n t e r. It then calls LP r i n t o u t : : P r i n t Cop i es 0 f P a g es. 

• Pri ntCopi es Of Pages contains a loop that repeatedly calls LPri nt-
o u t : : Pr i n t Panel to print the required number of copies of each panel. 

• LP r i n t o u t : : P r i n t P a n e l calls either LP a n e : : P r i n t Pa n e l or 
l View: : Pri ntPane l (depending on whether you're printing a pane or view) 
for each pane and subpane in the LPrintout object panel. 

• LP an e : : Pr i n t Panel or L Vi ew: : Pr i n t Panel takes care of supplying local 
frame coordinates and then calls Pr i n t Panel Se l f, which by default simply 
calls Draw Self. 

LPRINTOUT'S LIMITATIONS 

In most cases, you won't need to subclass LPrintout. Its default behavior can handle 
most printing situations. However, although LPrintout does handle the pagination of 
multiple-page documents, there are a couple of things that, as a generalized printing 
engine, it simply can't do. In particular, it can't determine whether the place at which 
a page breaks is actually appropriate. For example, if you are printing text, LPrintout 
has no way to know if a panel boundary cuts through the middle of a line of text. In 
addition, LPrintout doesn't handle nonplaceholder views or panes well. For example, 
you might want to add a letterhead, graphics, or display text to a printout that 
doesn't appear on the screen view. However, you usually can't add those elements 
directly to the LPrintout object and expect them to print properly on a multipage 
document. 

If you need to determine panel boundaries yourself or want to add items other 
than placeholders to printed output, you will need to create a subclass for the view 
being printed and override the LPane or LView function Pr i n t Panel Se l f. Unfor­
tunately, there's nothing simple about figuring out where panels should break. Doing 
so is very program-dependent and therefore beyond the scope of this book. 

Creating LPrintout Objects 

The first step in printing is to use Constructor to create an LPrintout object that con­
tains a placeholder for the data to be printed. The simplest LPrintout object used by 
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Penultimate Videos, for example, handles printing a note. As you can see in Figure 
12.1, the object contains only one pane: the LPlaceholder object with the resource ID 
1502. In contrast, the LPrintout object for handling a printed customer receipt (Fig­
ure 12.2) contains several placeholders, as well as objects of class LPicture and 
LCaption. 
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Figure 12.2 The LPrintout object for printing a customer receipt 
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Although printing typically doesn't work well when you place objects other than place­
holders on an LPrintout object, you can often get away with it if a printout will never be 
more than one page in size. This happens to be the case for the receipt, which means 
that the receipt can contain the Penultimate Videos logo and some display text without 
requiring overriding of the LPane function PrintPanelSelf. 

To create an LPrintout object, open Constructor and create a new view of type 
LPrintout. Then, drag LPlaceholder objects onto the view; resize, number, and move 
them as needed. 

As you can see in Figure 12.3, an LPrintout object has very few properties with 
which you need to be concerned. By default, the size is set to letter-sized paper in a 
portrait orientation. However, during the printing process, LPrintout adjusts the size 
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based on the paper size and oriented specified by the user through the Page Setup 
dialog box. 

Figure 12.3 LPrintout properties 
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The Page Numbering property refers to the order in which panels are numbered 
and printed. Assume, for example, that you are printing a large poster containing the 
image in Figure 12.4. The poster is far too large to fit on one piece of paper. It there­
fore has been broken up into 18 panels, represented by the heavy lines in Figure 12.4. 

These panes can be printed across, moving from left to right beginning in the top 
row, or down, moving from top to bottom beginning with the leftmost column. Use 
the Page Numbering radio buttons to select the correct panel printing order for your 
output. 

LPlaceholder's properties (Figure 12.5) are primarily inherited from LView. How­
ever, the alignment properties at the bottom of the properties window are particu­
larly important. They determine how a portion of a view or pane that is smaller than 
the panel in which it is installed will be aligned with the panel's frame. The align­
ment possibilities affect the printed output in the following way: 

• No alignment: The pane or view is resized to fit the panel's frame. 
• Horizontal alignment but no vertical alignment: The pane or view is sized verti­

cally to fit the panel's height, hut the chosen horizontal alignment is used for plac­
ing the pane or view within the panel's width. 

• Vertical alignment but no horizontal alignment: The pane or view is sized hori­
zontally to fit the panel's width, but the chosen vertical alignment is used for plac­
ing pane or view within the panel's height. 

• Both horizontal and vertical alignment: The pane or view is not resized, but 
placed using the horizontal and vertical specifications. 
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Figure 12.4 Panel "numbering" 
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If you want to print without showing the Print job dialog box, coding the printing is 
straightforward. In Listing 12.1, for example, you can see how the Penultimate Vid­
eos application object prints a customer receipt in its Print Receipt function. The 
code uses the same general steps outlined earlier in this chapter. 

Pri ntRecei pt first creates an object of class LPrintout (thePri ntout). Next, 
the function calls Fi n d Pane By I D to first get a pointer to one of the LPlaceholder 
objects on the printer. It then calls Fi n d Pane By ID again to get a pointer to the pane 
that is to be installed in the placeholder. 

To install the pane into the placeholder, P r i n t Rec e i pt calls the LPlaceholder 
function I n st a l l 0 cc up ant, passing in the pointer to the pane being installed and a 
constant that indicates the alignment to be used. (Alignment constants, such as the 
a t None used by Penultimate Videos, can be found in Icons. h.) This process-getting 
the pointers and installing the pane-is repeated for each placeholder on the Pr i n t -
out. 
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Figure 12.5 LPlaceholder properties 
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Once all the panes have been transferred to the printout object, Pri ntRecei pt 

calls Do P r i n t J ob. As you read earlier, Do P r i n t J o b initiates a series of actions that 
perform the actual printing. 

When printing is completed, the panes that were transferred to the printout 
object need to be returned to their original location. This activity is performed by 
LPrintout's destructor. A program should therefore delete the printout object. 
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Listing 12.1 Printing without the Print Job dialog box 

void CPPVideoStoreApp::PrintReceipt CSDialogResponse * dialogResponse) 
I 

II create prinoutout object from resource 
LPrintout * thePrintout = LPrintout::CreatePrintout (WINDOW_RECEIPT_PRINTOUT); 

II get panes in dialog box and install in placeholders 
LPlaceHolder * thePlace = (LPlaceHolder *) 

thePrintout->FindPaneByID (RECEIPT_PRINTOUT_DATEl; 
LView * theView = (LView *) receiptDialog->FindPaneByID CRECEIPT_OATE); 
thePlace->InstallOccupant (theView, atNone); 
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thePlace = (LPlaceHolder *) thePrintout->FindPaneByID (RECEIPT_PRINTOUT_CUST_NUMB); 
theView = (LView *) receiptDialog->FindPaneByID CRECEIPT_CUST_NUMB); 
thePlace->InstallOccupant (theView. atNone); 

thePlace = (LPlaceHolder *) thePrintout->FindPaneByID CRECEIPT_PRINTOUT_NAME); 
theView = (LView *) receiptDialog->FindPaneByID CRECEIPT_NAME); 
thePlace->InstallOccupant (theView, atNonel; 

thePlace = (LPlaceHolder *) thePrintout->FindPaneByIO (RECEIPT_PRINTOUT_LISTl; 
theView = (LView *) receiptOialog->FindPaneByID (RECEIPT_TABLE); 
thePlace->InstallOccupant (theView, atNone); 

II now. print it; Print Job dialog box doesn't appear 
thePrintout->DoPrintJob(); 

II to get the scrolling view back to its window. you must delete the 
II printout to trigger its destructor 
delete thePrintout; 

II close other dialog boxes 
CloseRentWindows (dialogResponse); 

Adding Support for the 
Printing Dialog Boxes 

Although there are some situations in which it is acceptable to print without display­
ing the Print Job dialog box and without giving the user access to the Page Setup dia­
log box, in most cases you will want to give users the flexibility those dialog boxes 
provide. Because both dialog boxes modify a print record, code that supports them 
must allocate a print record and store a handle to that record. 
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As an example of supporting the printing dialog boxes, the Note class turns on the 
Page Setup menu option whenever at least one note window is open; printing a note 
displays the Print Job dialog box. To provide access to the print record needed to sup­
port both dialog boxes, the Note class includes a variable of type THPri nt (mPri nt­
RecordH). 

Support for Page Setup is usually placed in the ObeyCommand function of a print­
able object. In our example, it appears in the Note class. However, if every window 
opened by an application is printable, you may want to place the Page Setup code in 
the application object's ObeyCommand function. 

In Listing 12.2 you will find the Page Setup code from the Note class. The Power­
Plant class that forms the basis of this code is UPrintingMgr. The UPrintingMgr class 
acts as a wrapper for many Printing Manager functions, including such things as cre­
ating a new print record, obtaining a handle to the class's print record, and opening 
and closing a printer driver. 

Listing 12.2 Handling the Page Setup dialog box 

case cmd_PageSetup: 
UDesktop::Deactivate(); 

II check for existing print record 
if CmPrintRecordH ~nil) 

mPrintRecordH = UPrintingMgr::GetDefaultPrintRecord(); 

II display the page setup dialog box 
UPrintingMgr::AskPageSetupCmPrintRecordH); 

UDesktop::Activate(); 
break; 

As you can see in Listing 12.2, to provide the Page Setup dialog box, you call the 
UPrintingMgr function As k Pa g e Setup, passing it a handle to the print record that 
should be modified. If a print record hasn't been allocated, the call to As k -
Page Setup will cause a program crash. Therefore, the code first checks for a valid 
print record handle and if necessary calls Get Def a u 1 t Pr i n t Record to obtain the 
class's default print record handle. Notice also that because the Page Setup dialog box 
is modal, the code deactivates the front window with U Des kt op : : De act i vat e 
before displaying the dialog box. Once the dialog box has been dismissed, it makes 
the front window active again with UDes kt op: : Activate. 

As you have read, LPrintout checks a printable class's print record to determine 
the number of copies and page range to print. To give the user the opportunity to 
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change these values, a Macintosh application displays the Page Job dialog box. A 
Power Plant program can do so with the UPrintingMgr function As k Pr i n t Job. 

The code used by the Note class to print itself appears in Listing 12.3. Notice that 
this function first creates an LPrintout object. It then determines whether a print 
record exists. If there is no print record, it creates one by calling U P r i n ti n g -
Mgr:: CreatePri ntRecord, which returns a handle to the newly created data 
structure. Then, it attaches the new print record to the LPrintout object by calling 
LPrintout::SetPrintRecord. 

Listing 12.3 Printing with the Print Job dialog box 

void Note::PrintNote() 
I 

II Create the LPrintout object 
LPrintout * thePrintout LPrintout::CreatePrintout (WINDOW_NOTE_PRINTOUT); 

II Create print record if necessary 
if (mPrintRecordH ==nil) 

mPrintRecordH = UPrintingMgr::CreatePrintRecord(); 

II Switch the print record 
thePrintout->SetPrintRecord CmPrintRecordH): 

II Create a pointer to the placeholder 
LPlaceHolder * thePlace = (LPlaceHolder *) 

thePrintout->FindPaneByID CRETURN_PLACEHOLDERl; 
II Find ID of the pane that scrolls inside the scroller 
LView * theView = (LView *) LTextEditM: :FindPaneByID CNOTE_TE); 
II Install pane into place holder in printout object 
thePlace->InstallOccupant CtheView. atNone); 

II display Job dialog box 
UDesktop::Deactivate(); 
Boolean Printit = UPrintingMgr::AskPrintJob (mPrintRecordHl; 
UDesktop::Activate(); 

if (!Printlt) 
return; II user cancelled; get out of here 

II now, print it 
thePrintout->DoPrintJob(); 

II to get the scrolling view back to its window, you must delete the 
II printout to trigger its destructor 
delete thePrintout; 
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Pri ntNote installs the Note object into the LPrintout object's placeholder. At 
that point, the function deactivates the front window, displays the Print Job dialog 
box, and then reactivates the front window. At that point, the note is ready to be 
printed with DoPri ntJob. The final step is to return the Note to its original super­
view by deleting the LPrintout object. 



Binary Search 
Trees 

Appendix 

A binary search tree is a data structure that organizes elements in key order to provide 
fast searches based on that key. Although binary search trees are classic data struc­
tures that have been used for many years, the influence of object-oriented program­
ming has introduced new ways of handling these structures. 

In this appendix you will first be introduced to the binary tree data structure along 
with algorithms for inserting, searching for, and deleting items. You will also be 
introduced to tree traversal algorithms. If you are familiar with classic binary trees, 
you can skip this first material. The second major portion of this chapter looks at the 
classes and techniques used to implement binary trees in an object-oriented pro­
gram. These latter techniques are used to provide the underlying data management 
for the Penultimate Videos sample program. 
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The Binary Tree Data 
Structure 

A binary tree is made up of a collection of nodes, each of which is usually contains a 
pointer to an object. It is theoretically possible to store an entire object as a node in a 
tree. However, more commonly binary trees are viewed like indexes to a book: A 
book's index contains an ordered list of topics and pointers (page numbers) to where 
the topic can be found. Using pointers to objects means that the same object can 
appear in many trees, yet only be stored in memory once. If we extend the example 
of book indexes, a book can contain an index by topic, another by illustration, and 
yet another by authors of works cited in the book. In all three cases, the book uses 
page numbers as pointers to avoid repeating any information in the text. 

A binary tree gets its name from its structure. As you can see in Figure App.I, each 
node points to at most two nodes below it (its left child and right child). Each node 
also has at most one node above it (its parent). 

Figure App.1 A binary search tree 
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The node at the top of the tree is called the root. This is the first node that is placed 
in the tree and provides the single entry point to the entire tree. It is the only node 
that doesn't have a parent. Any node that has no children is called a leaf. 

The tree in Figure App.1 uses a person's first name as the key by which the nodes 
are ordered. In an actual tree, the keys aren't part of the nodes, but have been 
included in the illustration to make it possible to identify the way in which the nodes 
are ordered. 

If you look at any given node, you will notice that the key of its right child is 
greater than the key of the node; the key of its left child is less than the key of the 
node. This very simple organizing principle enables very fast searching of the tree. 

SEARCHING A BINARY TREE 

The most common reason for using a binary tree is for fast searching. If the 1 O nodes 
of the tree in Figure App.1 were stored in a linked list ordered by name, a program 
would need to access every node to find Veronica, the alphabetically last node in the 
list. However, when searching the binary tree, a program only needs to access four 
nodes to find Veronica. By the same token, an unsuccessful search of a linked list (a 
search. where the key for which the program is looking isn't present in the list) 
requires searching every element in the list. In contrast, an unsuccessful search of a 
binary tree will require searching only one node at each level in the tree. This means 
that in the worst case of an unsuccessful search of the tree in Figure App.1, a program 
will at most need to consult only five nodes, whereas if the objects were stored in a 
linked list, the program would need to consult 10 nodes. 

The process for searching a binary tree can be summarized as follows: 

1. Find the root node and make it the current node. 
2. Compare the search key with the key of the current node. 
3. If the search key and the current node's key match, the search has been successful. 
4. If the search key is less than the current node's key, retrieve the current node's 

left child. If the current node has no left child, the search is unsuccessful. Other­
wise, make the left child the current node and continue with Step 2. 

5. If the search key is greater than the current node's key, retrieve the current node's 
right child. If the current node has no right child, the search is unsuccessful. Oth­
erwise, make the right child the current node and continue with Step 2. 

As an example, assume that we are searching for Veronica in Figure App.1. The 
search then proceeds in this way: 
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1. Find Henry and make Henry the current node. 
2. Compare Henry to Veronica. 
3. Veronica is greater than Henry. Therefore, retrieve the right child (Mary) and 

make it the current node. 
4. Compare Mary to Veronica. 
5. Veronica is greater than Mary. Therefore, retrieve the right child (Terry) and 

make it the current node. 
6. Compare Terry to Veronica. 
7. Veronica is greater than Terry. Therefore, retrieve the right child (Veronica) and 

make it the current node. 
8. Compare Veronica to Veronica. 
9. The search key matches the key of the current node. Therefore, the correct node 

has been found and the search ends successfully. 

An example of a function to search a binary tree appears in Listing App. I. This 
particular function works on a binary tree made up of pointers to Merchandise_Item 
objects and is organized by item number. To support the tree, the Merchandise_ltem 
class includes pointers for an object's left and right children (the variables LeftNumb 
and Ri ghtNumb). The class also includes functions to set the pointers (set Left -
Numb and setRi ghtNumb) and retrieve the pointers (getLeftNumb and get Left­
N umb). As you read through this code, compare it to the general algorithm described 
earlier. 

INSERTING NODES INTO A BINARY TREE 

To inert a node into a binary tree, a program searches the tree until it finds an unused 
child pointer that will place the new node in the correct sequence in the tree. The 
general algorithm is as follows: 

1. If the tree is empty, insert the new node as the root node. 
2. Otherwise, find the root node and make it the current node. 
3. Compare the key of the new node with the current node. 
4. If the key of the new node is less than the key of the current node, retrieve the 

current node's left child. If there is no left child, insert the new node as the current 
node's left child. Otherwise, make the left child the current node. Continue with 
Step 3. 

5. If the key of the new node is greater than or equal to the key of the current node, 
retrieve the current node's right child. If there is no right child, insert the new 
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Listing App.1 Searching a binary tree 

Merchandise_Item * MerchTree::find (ANS!string iTitle) 
{ 

Merchandise_ltem * current; 

if (root) II make sure there is at least one node 
{ 

current= root; 
while (current) II as long as there's a pointer 
{ 

if (strcmp (current->getTitle(), iTitlel == 0) 
return current; II send back pointer to merchandise item object 

II if less, go down right side 
if (strcmp (current->getTitle(l, iTitlel < 0) 

current= current->getRightName(); 
II if greater, go down left side 
else 

current= current->getleftName(); 

return 0; I I not found 
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node as the current node's right child. Otherwise, make the right child the current 
node. Continue with Step 3. 

As an example, assume that we want to insert a new node with a key of Tammy 
into the binary tree in Figure App.1. A program performing the insertion would pro­
ceed in this way: 

1. Determine that the tree is not empty because a root node exists. 
2. Make Henry the current node. 
3. Compare Tammy to Henry. 
4. Because Tammy is greaterthan the current node, retrieve the current node's right 

child (Mary). 
5. Because a right child exists, make it the current node. 
6. Compare Tammy to Mary. 
7. Because Tammy is greater than the current node, retrieve the current node's right 

child (Terry). 
8. Because a right child exists, make it the current node. 
9. Compare Tammy to Terry. 

10. Because Tammy is less than the current node, retrieve the current node's left 
child. 
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11. Because no left child exists, insert the new node as the left child of the current 
node. 

A function to insert an object into the tree that orders objects of classes derived 
from Merchandise_Item by item number appears in Listing App.2. 

Listing App.2 Inserting a node into a binary tree 

void MerchTree::Insert (Merchandise_Item * newltem, ANS!string iTitle. Boolean 
fi 1 e_fl ag l 
I 

Merchandise_Item * current, * child; 

if (root) // if root node exists 
I 

current = root; 
while (current) II keep going while there's a pointer 
{ 

else 

if (strcmp(current->getTitle(), iTitlel < 0) 
I 

II go down right side 
child= current->getRightName(); 

else 
I 

if (!child)// if no right child, insert 
I 

current->setRightName (newltem); 
break; 

II go down left side 
child= current->getleftName(J; 
if (!child) II if no left child. insert 
{ 

current->setleftName (newltem); 
break; 

current child; 

root = newitem; 
i f < ! f i l e_ fl a g l 

Item_count++; 
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DELETING ELEMENTS FROM A BINARY TREE 

Unlike searching and inserting, both of which are relatively simple, deleting nodes 
from a binary tree is somewhat challenging. A program can't just remove the node; if 
a node isn't a leaf, the space left by the node must be filled with something. 

The general algorithm is as follows: 

1. Find the node to be deleted, using the search technique discussed earlier in this 
appendix. 

2. If the node is a leaf, set the pointer ofits parent to zero. This deletes the node from 
the tree, without removing the object from memory. 

3. If the node is not a leaf, determine whether the node has children. 
4. Determine whether the node is the left or right child of its parent. 
5. If the node has a left child but no right child, make the node's left child the child 

of the node's parent. 
6. If the node has a right child but no left child, make the node's right child the child 

of the node's parent. 
7. If the node has both a right child and a left child, find the lowest right node in the 

node's left child tree. Replace the node to be deleted with the lowest right node 
in the left child tree. 

The trickiest part of the delete algorithm occurs when the node to be deleted has 
both right and left children. To see what must happen, assume that you want to 
delete Bobby from the tree in Figure App. I. The program first finds Bobby and iden­
tifies the node as the left child of its parent. Then the program finds the lowest right 
node in the left child tree. In this case, the left subtree consists of only one node, 
Anne. (If Anne had a right child, that program would use that child rather than 
Anne.) To finish the delete, the program makes Anne the left subchild of Bobby's par­
ent (Henry). 

An implementation of the delete algorithm for the MerchTree class can be found 
in Listing App.3. Notice that this function uses a find function that returns two val­
ues: a pointer to the node to be deleted and a pointer to its parent. 

NOTE 
If the value of a node's key value changes, a program must delete the node from the tree 
and reinsert it using the new key. Otherwise, the tree will no longer be in the correct 
order. Because the Penultimate Videos program maintains a tree by item title and by 
customer name (first and last), this procedure must be used whenever a user modifies 
the title/ name data of either type of object. 
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Listing App.3 Deleting a node from a binary tree 

Boolean MerchTree: :Delete (Boolean deleteCopies, Merchandise Item * forDeletion, 
CopyTree * Copies) 
( 

Merchandise_Item * theltem, * parent, * rightChild, * leftChild, * parentRightChild; 
char * iTitle, * iSystem; 

iTitle = forDeletion->getTitle(); 
if (forDeletion->getltem_type(l ==GAME) 
( 

Game * theGame = (Game *) forDeletion; 
iSystem = theGame->getSystem(); 
find (iTitle, iSystem, theltem, parent); 

else 
find (iTitle, theltem, parent); 

if (theltem == Ol 
return FALSE; II item not found 

if (deleteCopies) II remove all copies from copy tree 
{ 

Item_copy * currentCopy, * oldCopy; 
int copy_numb; 
currentCopy = forDeletion->getFirst(); 
while (currentCopyl 
{ 

copy_numb = currentCopy->getlnventory_numb(); 
Copies->Delete Ccopy_numbl; 
oldCopy = currentCopy; 
delete currentCopy; II remove copy from memory 
currentCopy = oldCopy->getNext(l; 

rightChild = theltem->getRightName(); 
leftChild = theltem->getleftName(); 
parentRightChild = parent->getRightName(); 

II used to figure out which side of parent node is on 

if (rightChild == 0 && leftChild == 0) II node to be deleted is a leaf 
( 

if (parentRightChild == thelteml 
parent->setRightName (0); 

else 
parent->setLeftName (0); 

Continued next page 
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Listing App.3 (Continued) Deleting a node from a binary tree 

else if (rightChild == Ol II node to be deleted has left child but no right 
I 

if (parentRightChild == theltem) 
parent->setRightName CleftChildl; 

else 
parent->setLeftName (leftChildl; 

else if (leftChild == Ol II node to be deleted has right child but no left 
I 

if (parentRightChild == theltem) 
parent->setRightName (rightChildl; 

else 
parent->setleftName (rightChildl; 

else II node to be deleted has both right and left children 
I 

Merchandise_Item * current = theltem; 
Merchandise_Item * stack[20J; 
int stackPtr = -1; 

current= current->getleftName(); II get left child 
while (current) II slide right while right child 
I 

stack[++stackPtr] = current; 
current= current->getRightName (); 

II replace node to be deleted with node at top of stack 
stack[stackPtrJ->setRightName (rightChild); 
stack[stackPtrJ->setLeftName CleftChildl; 
if (parentRightChild == thelteml 

parent->setRightName Cstack[stackPtrJl; 
else 

parent->setLeftName (stack[stackPtr]l; 
stack[stackPtr - lJ->setRightName (0): 

II parent of rightmost child no longer has child 

Item_count--: 
return TRUE: 

271 



272 Appendix • Binary Search Trees 

Tree Traversals 

The primary reason for creating a binary search tree is to facilitate fast data retrieval. 
However, there are also times when you need to retrieve the data stored in the tree in 
order. This is known as traversing the tree. There are three general traversals: 

• In-order traversal: Nodes appear in whatever ordering is used to construct the 
tree. In the example in X, an in-order traversal would produce a listing in alpha­
betical order. To implement an in-order traversal, a program processes a node's 
left subtree, the node itself, and then the node's right subtree. 

• Pre-order traversal: A pre-order traversal processes the node first, followed by its 
right subtree and then its left subtree. 

• Post-order traversal: A post-order traversal processes a node's right subtree, its 
left subtree, and finally the node itself. 

The Penultimate Videos program uses in-order traversals to populate scrolling 
lists. However, it uses a pre-order traversal when writing data to a file. The in-order 
traversal would produce an alphabetical list in a file. When the file was read back into 
memory; the resulting tree would be no better than a linked list. (If you don't believe 
this, create an alphabetical list of a half dozen names and insert them, in order, into a 
binary tree.) 

THE IN-ORDER TRAVERSAL 

To perform an in-order traversal, a program needs to keep track of the nodes it visits 
as it travels down a right or left subtree. Therefore, in-order traversal algorithms typ­

ically use a stack to store nodes as the program visits them. The basic process is as 
follows: 

1. Find the root node and make it the current node. 
2. Push the current node onto the stack. 
3. Make the current node's left child the current node. 
4. Repeat steps 2 and 3 until you encounter a node without a left child. This slides 

all the way down the left subtree. 
5. Process the node on the top of the stack. 
6. Pop the top node from the stack and make it the current node. If the stack is emp­

ty (no node left to pop), stop the traversal. 
7. Retrieve the current node's right child and make it the current node. Go to step 3. 
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8. If there is no right child, the current node becomes the node at the top of the 
stack. 

9. Go back to step 5. 

To see how this works, trace through Figure App.2, which graphically illustrates 
the process for the sample tree in Figure App.1. 

THE PRE-ORDER TRAVERSAL 

As you read earlier, a pre-order traversal processes the node first, followed by its right 
subtree and its left subtree. Like the in-order traversal, the pre-order traversal uses a 
stack to contain nodes to be processed. The algorithm-which is considerably sim­
pler than that for the in-order traversal--can be generalized as follows: 

1. Push the root node on the stack. 
2. Process the node on the top of the stack. 
3. Pop the node from the top of the stack, making it the current node. If there is no 

-node to pop (the stack is empty), the traversal is complete. 
4. If the current node has a left child, push that left child onto the stack. 
5. If the current node has a right child, push that right child onto the stack. 
6. Go back to step 2. 

To see a pre-order traversal in action, trace through Figure App.3, which graphi­
cally illustrates the process for the tree in Figure App.1. 

Object-Oriented Binary Trees 

The object-oriented way of handling data structures is considerably different from 
that used in traditional structured programs. In this section you will learn how 
object-oriented trees are managed and how tree traversals are performed. To under­
stand how tree traversals work, you should be very comfortable with operator over­
loading. 
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Figure App.2 An in-order tree traversal 
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Figure App.2 (Continued) An in-order tree traversal 
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Figure App.3 A pre-order tree traversal 
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Figure App.3 (Continued) A pre-order tree traversal 
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TREE CONTAINER CLASSES 

Object-oriented programs use container classes to manage data structures. A con­
tainer class is a class designed specifically to "contain" access to a data structure. The 
code that you have seen in this appendix for inserting, deleting, and modifying ele­
ments in a binary tree has all come from a container class. 

A container class usually doesn't contain the actual data that make up the data 
structure. Instead, it contains just enough information to access the data structure. 
For example, a container class that manages a linked list would contain a pointer to 
the first element in the list; a container class that manages a tree would contain a 
pointer to the root node of the tree. The pointers that link elements in the data struc-
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ture (pointers to the "next" element in a list or to the left and right children in a 
binary tree) are part of the objects whose pointers make up the data structure. 

The container class for a binary tree actually needs no other variables beyond the 
address of the root node. However, as you can see in Listing App.4 (the MerchTree 
class, which organizes items alphabetically by title), the container class also holds a 
count of the items in the tree and the last item number used. Until the program 
deletes a merchandise item, the count of items and the last item number used will 
remain the same. However, even when items are deleted, the item numbers continue 
to increment as new items are added; item numbers for deleted items are not reused. 

Listing App.4 A container class for a binary tree 

class MerchTree 
I 

private: 
Merchandise_Item * root; 
int Item_count, lastTitle_numb: 

public: 
MerchTree {int, int); II base constructor 
void Insert CMerchandise_Item *, ANSistring, Boolean>: 
Merchandise_Item *find CANSistring); II find 
Game* find (ANSistring, ANSistring); II used just for games (based on title and 

system) 
II Flag indicates whether copies should be deleted along with the title 
Boolean Delete (Boolean, Merchandise_Item *, CopyTree *); 
void find CANSistring, Merchandise_Item * &, Merchandise_Item * &>: II for videos 
void find CANSistring, ANSistring, Merchandise_Item * &, Merchandise_Item * &>: 

II for games 

} ; 

int getltem_count(); 
void setltem_count (int); 
int getlastTitle_numb (); 
int inclastTitle_numb (); 
Merchandise_Item * getRoot(); 

The container class contains all functions needed to maintain the tree, including 
inserting new items, deleting items, and searching for items. It also provides func­
tions that return container class values. However, notice that the container class does 
not perform tree traversals. That is left to a special type of class known as an intera­
tor. 
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TRAVERSAL ITERATORS 

An iterator is a class that performs a traversal of the objects organized by a data struc­
ture. In the case of a linked list, an iterator provides access in first/ next or last/ prior 
order. A binary tree iterator is written to handle one of the three traversal orders 
(pre-order, post-order, or in-order). Whenever a program needs to traverse a binary 
tree, it creates an iterator object to manage the process. 

To understand how an iterator works, let's first look at some code that uses one. 
In Listing App.5, for example, the Penultimate Videos application object is perform­
ing an in-order traversal of the merchandise item tree (an object of class MerchTree 
named Items) to display titles in a list box object. 

Listing App.5 Using an iterator object 

Merchltr traversal; 
int Type, row = O; 
Merchandise_Item * currentOne; 
char* Title; 
Cell theCell, * theCellPtr; 

II a cell (row & column number) and a pointer to the variable 
theCellPtr = &theCell; 

for (traversal. !nit (Items); !traversal; ++traversal) 
I 

currentOne =traversal(); 
Type= currentOne->getltem_type(); 
if (Type== item_type) 
I 

Title= currentOne->getTitle(); 
: :LAddRow (1, row, thelistHandle); II add a row to the list 
: :SetPt (theCellPtr. 0, row++); 

II initialize the coordinates of the cell just added 
::LSetCell <Title, strlen<Title), theCell, theListHandle); II add the data 

The program first creates an iterator object (tr avers a l , from the class Mer ch -
It r). Then it uses a for loop to perform the traversal. The first portion of the for 
initializes the iterator with the root node of the tree being traversed and slides all the 
way left to find the first node that should be processed. The termination condition 
( ! t r a v e r s a l ) stops the process when an attempt to pop a node off the iterator's 
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stack fails. The increment (++traversal) moves to the "next" node in the tree. 
Meanwhile, in the body of the loop, t ravers a 1 ( ) returns a pointer to a node for 
processing. 

An In-Order Traversal Iterator 
The iterator class that performs an in-order traversal (Listing App.6) maintains a 
stack, a stack pointer, and private functions to push items onto and pop items off the 
stack and to slide left until a node without a left child is found. The public functions 
include the function that initializes the iterator and the overloaded operators that are 
used by a program performing a traversal. 

Listing App.6 An iterator class for an in-order traversal 

class Merchitr 
{ 

I: 

private: 
Merchandise_Item * stack[25]. * root: 
int stackPtr; 
void push (Merchandise_Item *);II push onto stack 
Merchandise_Item *pop (); II pop from stack 
void goleft (Merchandise_Item *); 

public: 
Merchitr (); 
int Init (MerchTree *); 
int operator++(); II find node 
int operator! (); 11 check for end of traversal 
Merchandise_Item *operator() (); II return pointer to current object 

The member functions for the Merchitr class can be found in Listing App.7. First 
take a look at the I n i t function. Notice that it retrieves the root of the tree being 
traversed and then calls the go Left function, which pushes nodes onto the stack 
until it reaches a node that has no left child. 

The go Left function works in conjunction with the overloaded++ operator to 
provide the traversal. To see how this happens, take a look at the function for++. It 
first pops the top node off the stack. Then it checks to see if the node just popped has 
a right child. If it does, then the function uses go Left to slide all the way down the 
right child's left subtree. 



Object-Oriented Binary Trees 

Listing App.7 An iterator class's member functions for an in-order traversal 

int Merchltr: :!nit (MerchTree *tree) 
{ 

stackPtr = -1; II set stack as empty 
root= tree->getRoot(); II initialize current node to root 
goleft (root); II go down left side of tree 
return stackPtr >= 0; II is stack empty? 

int Merchltr::operator++ () 
I 

Merchandise_Item * parent, * child; 

if (stackPtr >= 0) 
I 

parent= pop(); 
child= parent->getRightName(); 
if <child) 

goleft (child); 

return stackPtr >= O; 

Merchandise_Item * Merchltr::operator() () 
I return stack[stackPtr]; I II current node is top of stack 

void Merchltr: :~oleft (Merchandise_ltem * Item) 
{ 

while (Item) 
I 

push (Item); 
Item= Item->getleftName(); 

int Merchltr: :operator! () 
I return stackPtr >= O; I II check for end of traversal 

void Merchltr: :push (Merchandise_Item * Item) 
I stack[++stackPtr] = Item; I 

Merchandise_Item * Merchltr::pop () 
I return stack[stackPtr--J; I 
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Notice that a pop occurs only in the ++ function. When the program asks for a 
node to process, the ( ) function sends back the contents of the top of the stack, 
without removing it from the stack. 
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A Pre-order Traversal Iterator 
A class to perform a pre-order traversal is very similar to the class to perform an in­
order traversal. In fact, as you can see in Listing App.8, the only difference between 
the MerchltrPre class and the Merchltr class is the absence of a go Left function, 
which the pre-order traversal doesn't need. 

Listing App.8 An iterator class that performs a pre-order traversal 

class MerchitrPre 
{ 

I; 

private: 
Merchandise_Item * stack[25], * root; 
int stackPtr; 
void push CMerchandise_Item *l; II push onto stack 
Merchandise_Item *pop Cl: II pop from stack 

public: 
MerchitrPre Cl; 
int !nit CMerchTree *l; 
int operator++ Cl; II find node 
int operator! (); II check for end of traversal 
Merchandise_Item *operator() (); II return pointer to current object 

The differences between the two iterators becomes clearer when you look at the 
member functions (Listing App.9). Notice first that the I n i t function simply pushes 
the root node onto the stack to start the traversal, rather than pushing all nodes that 
are in the left subtree as is done with an in-order traversal. 

To move to the "next" node, the ++ function pops the top node from the stack, 
just like the in-order traversal. However, after this point the process changes. The 
function looks to see if the node just popped has a left child. If so, it pushes the node 
on the stack. It then repeats the procedure for a right child. 

NOTE 
The beauty of iterators is that the programmer who uses one doesn't need to be con­
cerned about the internal workings of a traversal. If you look at the code in the Penulti­
mate Videos program-in particular, if you compare the code in the application class's 
Unload function to the code in any function that builds a list of titles-you'll notice 
that both in-order and pre-order iterators are used in exactly the same way. The only 
difference is the class from which the iterator object is created. 
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Listing App.9 An iterator class's member functions for a pre-order traversal 

MerchltrPre: :MerchltrPre() 
I 

stackPtr = O; 
root = O; 

int MerchltrPre::Init <MerchTree *tree) 
I 

stackPtr = -1; 
root= tree->getRoot(); 
if (root) 

push (root); II place root on stack to get traversal started 
return stackPtr >= O; II is stack empty? 

int MerchltrPre::operator++ () 
{ 

Merchandise_Item * parent, * child; 

if (stackPtr >= 0) 
{ 

parent= pop(); II remove current node from stack 
child= parent->getleftName(); 
if (child) 

push (child); II push left child, if any 
child= parent->getRightName(); 
if (child) 

push (child); II push right child, if any 

return stackPtr >= O; 

Merchandise_Item * MerchitrPre::operator() () 
I return stack[stackPtrJ; I II returns note at top of stack for processing 

int MerchltrPre::operator! () 
I return stackPtr >= 0; I II check for empty stack and end of traversal 

void MerchitrPre: :push (Merchandise_Item * Item) 
{ stack[++stackPtrJ = Item; I 

Merchandise_Item * MerchltrPre::pop () 
I return stack[stackPtr--J; I 
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Glossary 

Action: Something that can be undone. 

Active: A property of a pane; any pane in an active window. 

Application framework: A shell program that provides basic program services and is 
customized and expanded by a programmer. 

Attachment: A class that modifies the behavior of another class while a program is 
running. 

Broadcaster: An object that sends a message that another object (a listener) must act 
upon. 

Chain of command: The ordering of commanders that determines the order in 
which events are passed to commanders for handling. 

Commander: A class that listens and responds to messages generated by keystrokes 
and menu choices. 

Container class: A class that manages a data structure, such as a tree, list, or array. 
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Enabled: A property of a pane that means that a pane can respond to mouse clicks. 

Frame: The rectangle that forms the border of an object. 

Idler: An object that receives attention after every idle event. 

Iterator: A class that manages the traversal of objects in a data structure such as a 
linked list or binary tree. 

Listener: An object that listens for a message sent by another object (a broacaster). 

Node: An element in a binary tree. 

Pane: An area in which a program can draw. A pane also can respond to clicks of the 
mouse pointer. 

Pane descriptor: A Pascal string describing some major property of a pane, such as 
its contents. 

Pane value: The integer equivalent of the pane descriptor. 

Panel: The portion of a pane or view being printed that will fit on one page. 

Periodical: A class whose objects receive attention at regular intervals, either after 
every event (repeaters) or after every idle event (idlers). 

PowerPlant object: A resource that can be used as the basis of an object created from 
a PowerPlant class. 

PPob: A PowerPlant object resource. 

Registering classes: The action that occurs when a PowerPlant program builds a 
table of class IDs and names of constructors to use when creating objects from exter­
nal data sources (usually resource files). 

Repeater: An object that receives attention after every event. 

Root node: The single node at the top of a binary search tree. 

Subcommander: Objects below a commander in the chain of command. 

Subpane: A pane that is contained within a view. 

Supercommander: An object above a commander in the chain of command. 

Superview: The view containing a specific pane. 

Synthetic commands: Items for menus such as the S or Font menu where the menu 
items can't be specified before the program is run. 

Target: The single object that is available to listen for and handle a command. 
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Traverse (a binary tree): Access the nodes in a tree in some known order. 

Value message: The message sent by a broadcaster. 

View: A container for panes. 
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WARRANTY DISCLAIMER 

METROWERKS AND METROWERKS' LICENSOR(S), AND THEIR 
DIRECTORS, OFFICERS, EMPLOYEES OR AGENTS (COLLECTIVELY 
METROWERKS) MAKE NO WARRANTIES, EXPRESS OR IMPLIED, 
INCLUDING WITHOUT LIMITATION THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, 
REGARDING THE SOFTWARE. METROWERKS DOES NOT WARRANT, 
GUARANTEE OR MAKE ANY REPRESENTATIONS REGARDING THE 
USE OR THE RESULTS OF THE USE OF THE SOFTWARE IN TERMS 
OF ITS CORRECTNESS, ACCURACY, RELIABILITY, CURRENTNESS OR 
OTHERWISE. THE ENTIRE RISK AS TO THE RESULTS AND PERFOR­
MANCE OF THE SOFTWARE IS ASSUMED BY YOU. THE EXCLUSION 
OF IMPLIED WARRANTIES IS NOT PERMITTED BY SOME JURISDIC­
TIONS. THE ABOVE EXCLUSION MAY NOT APPLY TO YOU. 

IN NO EVENT WILL METROWERKS AND METROWERKS' 
LICENSOR(S), AND THEIR DIRECTORS, OFFICERS, EMPLOYEES OR 
AGENTS (COLLECTIVELY METROWERKS) BE LIABLE TO YOU FOR 
ANY CONSEQUENTIAL, INCIDENTAL OR INDIRECT DAMAGES 
(INCLUDING DAMAGES FOR LOSS OF BUSINESS PROFITS, BUSI­
NESS INTERRUPTION, LOSS OF BUSINESS INFORMATION, AND THE 
LIKE) ARISING OUT OF THE USE OR INABILITY TO USE THE SOFT­
WARE EVEN IF METROWERKS HAS BEEN ADVISED OF THE POSSI­
BILITY OF SUCH DAMAGES. BECAUSE SOME JURISDICTIONS DO 
NOT ALLOW THE EXCLUSION OR LIMITATION OF LIABILITY FOR 
CONSEQUENTIAL OR INCIDENTAL DAMAGES, THE ABOVE LIMITA­
TIONS MAY NOT APPLY TO YOU. Metrowerks liability to you for actual 
damages from any cause whatsoever, and regardless of the form of the 
action (whether in contract, tort (including negligence), product liability or 
otherwise), will be limited so as not to exceed the cost of the replacement of 
the media on which the software is distributed. 



SOFTWARE LICENSE 

PLEASE READ TIDS LICENSE CAREFULLY BEFORE USING THE 
SOFTWARE. BY USING THE SOFTWARE, YOU ARE AGREEING TO 
BE BOUND BY THE TERMS OF THIS LICENSE. IF YOU DO NOT 
AGREE TO THE TERMS OF THIS LICENSE, PROMPTLY RETURN 
THE UNUSED SOFTWARE TO THE PLACE WHERE YOU OBTAINED 
IT AND YOUR MONEY WILL BE REFUNDED. 

1. License. The application, demonstration, system and other software 
accompanying this License, whether on disk, in read only memory, or on 
any other media (the "Software") the related documentation and fonts are 
licensed to you by Metrowerks. You own the disk on which the Software 
and fonts are recorded but Metrowerks and/or Metrowerks' Licensor retain 
title to the Software, related documentation and fonts. This License allows 
you to use the Software and fonts on a single Apple computer and make one 
copy of the Software and fonts in machine-readable form for backup pur­
poses only. You must reproduce on such copy the Metrowerks copyright 
notice and any other proprietary legends that were on the original copy of 
the Software and fonts. You may also transfer all your license rights in the 
Software and fonts, the backup copy of the Software and fonts, the related 
documentation and a copy of this License to another party, provided the 
other party reads and agrees to accept the terms and conditions of this 
License. 

2. Restrictions. The Software contains copyrighted material, trade secrets 
and other proprietary material. In order to protect them, and except as 
permitted by applicable legislation, you may not decompile, reverse 
engineer, disassemble or otherwise reduce the Software to a human-per­
ceivable form. You may not modify, network, rent, lease, loan, distribute or 
create derivative works based upon the Software in whole or in part. You 
may not electronically transmit the Software from one computer to anoth-



er or over a network. 

3. Termination. This License is effective until terminated. You may 
terminate this License at any time by destroying the Software, related 
documentation and fonts and all copies thereof. This License will termi­
nate immediately without notice from Metrowerks if you fail to comply with 
any provision of this License. Upon termination you must destroy the 
Software, related documentation and fonts and all copies thereof. 

4. Export Law Assurances. You agree and certify that neither the Software 
nor any other technical data received from Metrowerks, nor the direct 
product thereof, will be exported outside the United States except as 
authorized and as permitted by the laws and regulations of the United 
States. If the Software has been rightfully obtained by you outside of the 
United States, you agree that you will not re-export the Software nor any 
other technical data received from Metrowerks, nor the direct product 
thereof, except as permitted by the laws and regulations of the United 
States and the laws and regulations of the jurisdiction in which you 
obtained the Software. 

5. Government End Users. If you are acquiring the Software and fonts on 
behalf of any unit or agency of the United States Government, the following 
provisions apply. The Government agrees: (i) if the Software and fonts are 
supplied to the Department of Defense (DoD), the Software and fonts are 
classified as "Comm.ercial Computer Software" and the Government is 
acquiring only "restricted rights" in the Software, its documentation and 
fonts as that term is defined in Clause 252.227-7013(c)(l) of the DFARS; and 
(ii) if the Software and fonts are supplied to any unit or agency of the 
United States Government other than DoD, the Government's rights in the 
Software, its documentation and fonts will be as defined in Clause 52.227-
19(c)(2) of the FAR or, in the case of NASA, in Clause 18-52.227-SG(d) of the 
NASA Supplement to the FAR. 

6. Limited Warranty on Media. Metrowerks warrants the diskettes and/or 
compact disc on which the Software and fonts are recorded to be free from 
defects in materials and workmanship under normal use for a period of 
ninety (90) days from the date of purchase as evidenced by a copy of the 
receipt. Metrowerks' entire liability and your exclusive remedy will be 
replacement of the diskettes and/or compact disc not meeting Metrowerks' 
limited warranty and which is returned to Metrowerks or a Metrowerks 
authorized representative with a copy of the receipt. Metrowerks will have 
no responsibility to replace a disk/disc damaged by accident,abuse or 
misapplication. ANY IMPLIED WARRANTIES ON THE DISKETTES 



AND/OR COMPACT DISC, INCLUDING THE IMPLIED WARRANTIES OF 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE, ARE 
LIMITED IN DURATION TO NINETY (90) DAYS FROM THE 
DATE OF DELIVERY. THIS WARRANTY GIVES YOU SPECIFIC LEGAL 
RIGHTS, AND YOU MAY ALSO HAVE OTHER RIGHTS WHICH VARY BY 
JURISDICTION. 

7. Disclaimer of Warranty on Apple Software. You expressly acknowledge 
and agree that use of the Software and fonts is at your sole risk. Except as 
is stated above, the Software, related documentation and fonts are provid­
ed "AS IS" and without warranty of any kind and Metrowerks and 
Metrowerks' Licensor(s) (for the purposes of provisions 7 and 8, 
Metrowerks and Metrowerks' Licensor(s) shall be collectively referred to as 
"Metrowerks") EXPRESSLY DISCLAIM ALL OTHER WARRANTIES, 
EXPRESS OR IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE 
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A 
PARTICULAR PURPOSE. ACADEMIC PRESS DOES NOT WARRANT THAT 
THE FUNCTIONS CONTAINED IN THE SOFTWARE WILL MEET YOUR 
REQUIREMENTS, OR THAT THE OPERATION OF THE SOFTWARE WILL 
BE UNINTERRUPTED OR ERROR-FREE, OR THAT DEFECTS IN THE 
SOFTWARE AND THE FONTS WILL BE CORRECTED. FURTHERMORE, 
ACADEMIC PRESS DOES NOT WARRANT OR MAKE ANY REPRESENTA­
TIONS REGARDING THE USE OR THE RESULTS OF THE USE OF THE 
SOFTWARE AND FONTS OR RELATED DOCUMENTATION IN TERMS OF 
THEIR CORRECTNESS, ACCURACY, RELIABILITY, OR OTHERWISE. NO 
ORAL OR WRITTEN INFORMATION OR ADVICE GIVEN BY ACADEMIC 
PRESS OR AN ACADEMIC PRESS AUTHORIZED REPRESENTATIVE 
SHALL CREATE A WARRANTY OR IN ANY WAY INCREASE THE SCOPE OF 
THIS WARRANTY. SHOULD THE SOFTWARE PROVE DEFECTIVE, YOU 
(AND NOT ACADEMIC PRESS OR AN ACADEMIC PRESS AUTHORIZED 
REPRESENTATIVE) ASSUME THE ENTIRE COST OF ALL NECESSARY 
SERVICING, REPAIR OR CORRECTION. SOME JURISDICTIONS DO NOT 
ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO THE ABOVE 
EXCLUSION MAY NOT APPLY TO YOU. 

8. Limitation of Liability. UNDER NO CIRCUMSTANCES INCLUDING NEG­
LIGENCE, SHALL ACADEMIC PRESS BE LIABLE FOR ANY INCIDENTAL, 
SPECIAL OR CONSEQUENTIAL DAMAGES THAT RESULT FROM THE 
USE OR INABILITY TO USE THE SOFTWARE OR RELATED DOCUMEN­
TATION, EVEN IF ACADEMIC PRESS OR AN ACADEMIC PRESS AUTHO­
RIZED REPRESENTATIVE HAS BEEN ADVISED OF THE POSSIBILITY OF 
SUCH DAMAGES. SOME JURISDICTIONS DO NOT ALLOW THE LIMITA­
TION OR EXCLUSION OF LIABILITY FOR INCIDENTAL OR CONSE-



QUENTIAL DAMAGES SO THE ABOVE LIMITATION OR EXCLUSION MAY 
NOT APPLY TO YOU. 

In no event shall Metrowerks' total liability to you for all damages, losses, 
and causes of action (whether in contract, tort (including negligence) or 
otherwise) exceed that portion of the amount paid by you which is fairly 
attributable to the Software and fonts. 

9. Controlling Law and Severability. This License shall be governed by and 
construed in accordance with the laws of the United States and the State of 
California, as applied to agreements entered into and to be performed 
entirely within California between California residents. If for any reason 
a court of competent jurisdiction finds any provision of this License, or 
portion thereof, to be unenforceable, that provision of the License shall be 
enforced to the maximum extent permissible so as to effect the intent of the 
parties, and the remainder of this License shall continue in full force and 
effect. 

10. Complete Agreement. This License constitutes the entire agreement 
between the parties with respect to the use of the Software, the related 
documentation and fonts, and supersedes all prior or contemporaneous 
understandings or agreements, written or oral, regarding such subject 
matter. No amendment to or modification of this License will be binding 
unless in writing and signed by a duly authorized representative of 
Metrowerks. 
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About the CD·ROM 

The CD-ROM that accompanies this book contains the source code, supporting files, 
and project files for the Penultimate Videos program in a folder named Penultimate 
Videos. To compile and run the program, first make sure that you have PowerPlant 
installed. (See the last parflgrapli'."of'~t'his section if. you don't own CodeWarrior 
already.) Also be sure that you have QuickTime in your Extensions folder and, if you 
are working on a PowerMac, the QuickTime PowerPlug. The PowerPlug is required 
to run QuickTime from native PowerPC code. 

Copy the Penultimate Videos folder to your hard disk. Then, move the files 
PP_ VidSHeaders and PP_ VidSHeaders ( 68K) from the Penultimate Videos folder to the 
Precompiled Headers folder (inside the PowerPlant Folder, which is inside the 
MacOS Support folder, which is inside the Metrowerks Code Warrior folder). At this 
point, you can open the appropriate project file ( 68K or PPC) and go. 

NOTE 
If you have a lot of fonts, the Penultimate Videos program may take a while to launch 
because it must build a font menu. 

If you don't yet have your own copy of the Code Warrior development software, 
install Code Warrior Lite that comes on the CD-ROM. This version of CodeWarrior 
will allow you to run and view the sample programs. However, the text editor's Save 
option has been disabled so that you won't be able to save any changes made to 
source code files. 
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