


























































































































































































































































































































































































































































































































































































































286 Chapter 15 • Data Structures: Linked Lists 

How a Linked List Works 

A linked list is a chain of objects connected by pointers that indicate the object that 
comes next in the list. The list is managed by a special object designed just for that 
purpose, very much like the array manager object to which you were introduced in 
Chapter 14. 

The figures in Figure 15 .1 represent objects in a linked list. The list manager object 
is the largest figure. It points to the first object in the list, which in turn points to the 
next object, which points to the next object, and so on. The last object in the list 
points nowhere (usually a pointer with a value of 0). 

Figure 15.1 A linked list 

List manager object 

First object in list 

Last object in list 
(points to nothing) 

Because a linked list is made up of pointers from one object to the next, you access 
objects by following the chain. The list manager object begins the access by giving a 
program the pointer to the first object in the list. Then the program accesses each 
object in order, using the pointer stored in the object to find the next object. In its 
simplest form, a linked list gives you access from the first object to the next object to 
the next object, and so on, all the way to the end of the list. 



How a Linked List Works 287 

If you want to be able to go backward in the list (from the last object, to the previ­
ous object, and so on), you must include additional pointers. The list manager object 
must include a pointer to the last object in the list. Then each object must include a 
pointer to the object that precedes it in the list. It's up to the programmer to deter­
mine whether access to previous objects is necessary. 

To add an object to a linked list, you must move some pointers. Assume, for exam­
ple, that you want to insert a new element between the second and third elements in 
Figure 15.1. You will need to move two pointers. As you can see in Figure 15.2, you 
must change the second object so that it points to the new object. The new object 
must then be initialized to point to the object that was previously third. (It will now 
be fourth.) 

Figure 15.2 Inserting an object into a linked list 

Object to insert 

1 
Place to insert 

Although the preceding illustrations show the objects in the linked list as being 
next to one another, in actuality the objects in a linked list can be scattered anywhere 
in memory. The structure of the list is maintained just by the pointers between the 
objects. 
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Linked List Classes 

A linked list manager class takes care of inserting elements into the list, deleting ele­
ments from a list, and providing access to the members of the list. To explore how a 
linked list works, we'll be looking at a sample program that handles a list of objects 
that store and retrieve people's birthdates. First, we'll look at the class being man­
aged by. the list, with special attention to the class features that are designed for its 
participation in the list. Then we'll look at the list manager class in detail. 

THE CLASS BEING MANAGED 

The class whose objects are part of the list-birthday (in Listing 15.1)- stores a 
person's first and last names, the person's birthdate using the d a t e class that was 
introduced in Chapter 13, and a pointer to the next birthday object in the list. The 
most important thing you need to keep in mind when writing classes whose objects 
are going to be part of a linked list is that you have to plan for linked list membership 
by including the required pointer variables. In this case, we're providing for "next" 
access only. (If we wanted "previous" access as well, we'd need a second pointer vari­
able.) 

Listing 15.1 Header file for the linked list demo program 

class birthday 
{ 

l; 

private: 
string25 first, last; 
date * b_day; 
birthday* next; 

public: 
birthday (string25, string25, date_string); 
birthday (ifstream &l; 
void display (); 
birthday* getNext(); 
char* getLastCl: 
char* getFirst(); 
void setNextPtr (birthday*); 
date getDate(); 
void write Cofstream &l; 
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NOTE 
The date class used in the linked list demonstration program has been modified to 
include the changes suggested by the programming challenges in Chapter 13. The class 
can handle days and months of one or two digits; it can also handle two- or four-digit 
years. The integer-to-ASCII conversion routine is also written so that it will handle an 
integer of any size. If you attempted the programming challenges, you might want to 
take a look at the date.cpp file in the linked list demo program folder to see one way of 
implementing those features. 

The bi rt h day class's member functions include the following: 

• Two constructors (one for interactive input and one for input from a file) 
• A display function to show all data in an object (dis pl ay) 
• A function to return the pointer to the next object in the linked list (getNext) 
• Functions to return pointers to the first name and last name class variables (get -

First and getlast) 
• A function to setthe value in the pointer to the next object (setNextPtr) 
• A function to return the birthdate (get Date) 
• A function to write an object's data to a text file (write) 

The member functions for the birthday class can be found in Listing 15.2. As 
you can see, there is nothing unusual or complicated in these functions. (This pro­
gram exists only to demonstrate the management of a linked list, so the object being 
managed really doesn't need to do very much.) Pay special attention, however, to the 
get Next and set Next Pt r functions. These two functions are essential to making 
the linked list work. 

The get Next function returns the contents of the next class variable. To move 
from one element in the list to another, the list manager object can ask the current 
object to retrieve the contents of its pointer. For example, if a pointer to the current 
object in the list is named cur rent, a program can travel to the next object in the list 
with: 

current= curent->getNext(); 

The set Next Pt r function inserts a value into the next variable. If a pointer to a 
new object is stored in newObject, you can make the current object point to the 
new object with: 

current->setNextPtr(newObject); 
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Listing 15.2 Member functions for the birthday class 

#include <iostream.h> 
#include <fstream.h> 
#include <string.h> 
#include <stdio.h> 
#include "date.h" 
#include "linked list.h" 

birthday::birthday Cstring25 ifirst, string25 ilast, date_string idate) 
{ 

strcpy (first, ifirst); 
strcpy (last, ilast); 
b_day =new date Cidate); 
next = O; 

birthday::birthday (ifstream & fin) 
{ 

date_string idate; 

fin.getl ine ( fi rst,80, '\O'); 
fin.getline Clast,80, '\O' ); 
fin.getline Cidate,80, '\O' ); 
b_day =new date (idate); 
next = O; 

void birthday::display() 
{ 

date_string sDate; 

cout << "\n" <<first<<" "<<last<< endl; 
cout « "Birthday: " « b_day->showDateCsDate); 

birthday* birthday: :getNext() 
{ return next; } 

char* birthday::getlast() 
return last; } 

char* birthday: :getFirst() 
return first; } 

void birthday::setNextPtr (birthday* newNext) 
{ next = newNext; } 

date birthday: :getDate() 
{ return *b_day; } 

Continued on next page 
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Listing 15.2 (Continued) Member functions for the birthday class 

void birthday::write Cofstream & foutl 
{ 

date_string sDate: 

fout <<first<< '\O': 
fout <<last<< '\O': 
fout << b_day->showDateCsDatel << '\O': 
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By the same token, you can make the new object point to the current object with: 

newObject->setNextPtrCcurrent); 

THE LINKED LIST MANAGER CLASS 

An object-oriented linked list is managed by a special object designed for that task. In 
Listing 15.3, for example, you can see the class declaration and constructor for the 
linked list manager that handles the list of birthday objects. This class 
(linked List) has just two class variables: a pointer to the first object in the list it 
manages and a count of the number of items in the list. 

The l inked Li st class has the following member functions: 

• A constructor that simply initializes both class variables to 0 

• A function to load data from disk and recreate the linked list in main memory 
(1 oad) 

• A function to write the entire list to disk ( u n l o ad) 

• A function to insert new objects into the list ( i n s e rt) 

• Two functions to search the list: one by a person• s name, the other by birthdate 

• A function to list all the objects in the list ( l i s t) 

In the following sections of this chapter we'll be looking at exactly how the 
l i n k e d Li st class manages the list using these functions. 
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Listing 15.3 A linked list manager class 

class linkedlist 
( 

I: 

private: 
birthday * firstPerson: 
int numb_people: 

public: 
linkedlist (); 
int load (); 
void unload (); 
void insert (birthday*); 
birthday* find Cstring25, string25l: II find by name 
int find Cdate_string, birthday * []); II find by date 
void list(); II list all 

II constructor for the list manager object 
linkedlist::linkedlistCl 
( 

firstPerson = 0: 
numb_people = 0: 

Inserting Elements 

As you saw at the beginning of this chapter, inserting an object into a linked list 
means first finding the place in the list where the new object should go and then 
moving pointers to connect the new object. You have several choices as to where a 
new object is inserted. You might, for example, decide that all new objects go at the 
end of the list or that new objects always go at the beginning of the list. However, you 
might also decide to keep the list in some sorted order (chronological, alphabetical, 
or numerical). 

For this particular example, we're going to be keeping the list in alphabetical order 
by the person's last name. This means that whenever we want to insert a new object 
into the list, we need to scan the existing list to find the correct place for the new 
object. Once the place is found, we can move pointers to connect the new object. 

The 1 i n k ed Li st class's i n s er t member function in Listing 15.4 begins by look­
ing to see whether the list is empty (the fi rstPerson variable contains 0). If so, 
there's no need to do anything else but make the new object the first element in the 
list by placing the new object's pointer in f i rs t Person. 
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Listing 15.4 Inserting an element into a linked list 

void linkedlist::insert(birthday * newB_day) 
I 

char * newlast. * currentlast; 
birthday* previous, *current; 
int count = O; 

if C fi rstPerson 
I 

0) II simply insert first one 

firstPerson = newB_day; 
numb_people = l; 
return; 

newlast = newB_day->getlast(); 
int first= TRUE; 
current= firstPerson; 
currentlast = current->getlast(); 
while Cstrcmp Cnewlast. currentlast) > 0 && count++ < numb_people) 
I 

I 

first= FALSE; II not first in last 
previous= current; II save where we were 
current= current->getNext(); II move to next person 
if (current != 0) 

currentlast = current->getlast(); 

II set previous transaction to point to new transaction except when 
II new transaction is first in the list 
if (!first) 

previous->setNextPtr CnewB_day); 
else 

firstPerson = newB_day; II new one is first in list 
II set new person to point to following person 

newB_day->setNextPtr (current); 
numb_people++; 
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However, if there is at least one element in the list, the function must search for 
the correct insertion location. To begin the search, the function initializes the cur -
rent pointer to the first object in the list and retrieves the last name for the new 
object and the current object. Then it enters a wh i 1 e loop that compares the two last 
names. If the new last name alphabetically precedes the current last name, the new 
object precedes the current object in the list. In that case, the wh i 1 e loop stops and 
list insertion occurs. 

Notice that the function maintains a variable called f i rs t that signals when a 
new object should be first in the list. If the new object should precede the object that 
is currently first (in other words, the function never enters the w hi 1 e loop), f i rs t 
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retains its initial value of TRUE; it is set to FALSE inside the whi 1 e. As you will see 
shortly, this signals the function to move pointers in a special way. 

If the new object isn't first in the list, the function enters the w hi 1 e loop. The 
body of the loop sets f i rs t to FALSE and then saves the pointer to the current 
object in a variable named pre vi o us. This is essential because when we break the 
links in the list to insert the new object, we must set the pointer in the previous 
object to point to the new object. In other words, the new object will follow the "pre­
vious" object; the "current" object will follow the new object. 

After saving the previous pointer, the i n s er t function moves to the next object in 
the list by retrieving the current object's pointer to the next object. If the address just 
retrieved isn't O (in other words, we're not at the end of the list), the function gets the 
last name of the person in the next object, preparing it to be evaluated at the top of 
the loop. 

Notice that this wh i 1 e loop also counts the number of objects in the list as they're 
being accessed, stopping the loop when all objects in the list have been examined. If 
you don't do this and the new object should go at the end of the list, two nasty things 
will probably happen. First, you'll enter an infinite loop because the condition in the 
w hi 1 e will always be true. Second, your program will eventually crash, bomb box 
and all, because the get Next and get Last functions will be accessing memory that 
doesn't belong to objects. You'll be reaching beyond the end of the list. 

NOTE 
One of the most common causes of crashes in Macintosh programs is pointers that don't 
point to valid data. If your program is crashing, look for uninitialized pointer variables 
(for example, you forget to issue a new statement) or pointer variables that are pointing 
to nonexistent data. 

To perform the list insertion, the i n s er t function looks at the f i rs t variable. If 
the new object isn't first, the previous object, whose address is stored in previous, 
is set to point to the new object. However, if the new object is first, the f i rs t Per -
son variable in the 1 i n k ed Li st class object is set to point to the new object. In 
either case, the new object is set to point to the current object (address in current). 
The final step is to increment the count of the number of objects in the list. 
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Accessing All Elements 

Once your linked list has been created, you can use it to visit all objects that are part 
of the list. To do so, you begin at the first element, whose pointer can be found in the 
list manager object. Then you repeatedly call get Next to gain access to the pointers 
of successive elements. 

To see how this works, consider the l i st function in Listing 15 .5. The function 
begins by initializing the c u r rent variable to f i rs t Pe r s on and then enters a f o r 
loop. The loop displays the data from the current object by calling the bi rt h day 
class's dis pl ay member function and then moves to the next object. The loop 
counts objects as it goes, stopping when all objects in the list have been displayed. 

Listing 15.5 Navigating the linked list 

void linkedlist::list () 
( 

birthday * current; 

current= firstPerson; 
for (int i = O; i < numb_people; i++) 
( 

NOTE 

current->display(); 
cout « end l ; 
current= current->getNext(); 

Keep in mind when looking at the preceding .function that all access to a linked list is 
sequential. In other words, you must always start at the first object in the list, move to 
the next, to the next, and so on. It's the only way you can access the list's elements. 

Finding Elements 

The procedure you have just seen for traversing all the elements in a linked list forms 
the basis for all search routines written for linked lists. In Listing 15.6, for example, 
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Listing 15.6 Searching a linked list 

birthday* linkedlist::find (string25 ifirst, string25 ilastl 
I 

birthday * current; 
char* currentFirst, * currentlast; 
int count = O; 

current= firstPerson; II start at beginning 
currentFirst = current->getFirst(); 
currentlast = current->getlast(l; 
while ((strcmp <currentFirst,ifirst) != 0 I I 

strcmp (currentlast,ilast) != Ol && count++< numb_peoplel 

current= current->getNext(); 
currentFirst = current->getFirst(); 
currentlast = current->getlast(); 

return current; II will be 0 if not found 

int linkedlist::find (date_string idate, birthday* found[]) 
I 

birthday* current; 
date searchDate (idatel. currentDate Cidate); 

current= firstPerson; 
currentDate = current->getDateCl; 
II Need an index variable just for the found array. 
II The number of matches found will certainly be less than the 
II the number of elements in the array. 
intj=-1; 
for (int i = O; i < numb_people; i++) 
I 

if CcurrentDate == searchDatel 
found[++j] = current; II save the object found 

current= current->getNext(); 
currentDate = current->getDate(); 

return j; II return last index used in found array 

you will find two f i n d member functions that search for items in the linked list of 
birthday objects. 

The first f i n d function searches for someone who matches a specific first and last 
name. The assumption is that no two people in the list have exactly the same name. 
Therefore, the function stops when it either finds a match or reaches the end of the 
list. As you can see in Listing 15.6, the function begins at the first object in the list and 
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then enters a w hi 1 e loop that compares the values in its f i rs t and 1 as t variables 
with the function's two input parameters. As soon as a match is found, the function 
returns a pointer to the current object. If no match exists, current will be o (the 
next pointer in the last object is O). The program function calling this f i n d function 
can then use a result of 0 to determine that the search was unsuccessful. 

What can you do if you want a search that returns more than one value? The sec­
ond f i n d function does exactly that. The calling function passes in the birthdate for 
which the function should search and the address of an array to hold the pointers of 
all matches that are found. The function uses the return statement to send back the 
number of matches. 

Because there may be more than one matching object, the second find function 
uses a for loop that accesses every object in the linked list. If a match is found, a 
pointer to the current object is placed in the result array (called found in this case). 
The index to that array represents a count of the number of found items and is 
returned to the calling function just before the f i n d function terminates. There is 
no need to worry about "returning" the found array. Because it is an array, it is 
passed by reference; any changes made to the array in the f i n d function are made to 
the original in main memory and are therefore accessible to the calling function. 

Linked Lists and Data Files 

A linked list is a data structure that exists in main memory. Although you can store 
the list's data in a file, you can't store the pointers. Why? Because each time you run 
the program, the list probably ends up in a different location in memory. The point­
ers that were valid the last time you ran the program aren't valid now. This means 
that you need to traverse the list when you write data, but you should store only the 
data, not the pointers. When you read the data in from a file, you must recreate the 
list. 

WRITING THE DATA 

Listing 15. 7 contains the 1 i n k e d Li s t class's u n 1 o a d function. This function opens 
the data file, stores the number of items in the linked list, and then enters a for loop 
that traverses the entire list, beginning with the first element. The body of the for 
loop writes a bi rt h day object's data by calling the object's w r i t e function. (If you 
look back at Listing 15.2, you'll notice that this function writes a first name, last 
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Listing 15.7 Writing linked list objects 

void linkedlist::unload(l 
I 

birthday * current; 

ofstream peopleOut ("Friends&Family"); 
if (!peopleOutl 
I 

cout << "Couldn't open output file."; 
return; 

l 
peopleOut « numb_people « ' ': 
current= firstPerson; 
for (int i = 0: i < numb_people; i++l 
I 

current->write (peopleOutl; 
current= current->getNext(); 

name, and birthdate, but doesn't write the contents of the next variable.) The loop 
then moves to the next item in the list, using the get Next function. 

READING THE DATA 

Listing 15 .8 contains the 1 i n k e d Li st class's 1 o a d function. Like other functions 
you have seen that read data from a text file, it opens the file and begins by reading 
the number of items in the file. It then enters a for loop that reads object data from 
the file, one object at a time. The body of the loop creates a new birthday object 
and then calls the i n s er t function to place it in the list. As you begin to work with 
linked lists, keep in mind that when you read data that are part of data structures 
from files, you must recreate the data structure as you read the data. 

NOTE 

The load .function uses a temporary count variable rather than reading the number of 
objects from the file into the numb _people. If you look back at the insert .function, you'll 
see that the insert .function counts objects as they are added to the list. Attempting to 
use numb_people to control the for loop doing the reading therefore wouldn't work. 
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Listing 15.8 Reading linked list objects 

int 1 inkedlist: :load() 
{ 

char yes_no, dummy; 
birthday * newB_day; 
int count; 

ifstream peopleln ("Friends&Family"); 
if (!peopleln) 
{ 

} 

cout << "Couldn't open input file. Continue? "· 
cin » yes_no; 
if (toupper(yes_no) == 'N') 

return FALSE; II couldn't read--quit 
else 

return TRUE; II couldn't read but OK 

peopleln >> count; 
peopleln.get (dummy); II skip over blank 
for (int i = O; i < count; i++) 
{ 

newB_day =new birthday Cpeopleln); 
II using the insert function recreates the list 
insert CnewB_day); 

peopleln.close(); 
retu~n TRUE; 

Making It Work 
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Now that we've looked at the member functions used by an object that manages a 
linked list of other objects, let's look at a program that uses the list manager class. In 
Listing 15.9 you can find a program that uses a linked list of birthday objects. From 
the user's point of view, the program does three things: adds new people, finds peo­
ple, and lists people. The program also reads and writes a text file. 

THE MAIN FUNCTION 

The ma i n function is relatively simple. The important thing to notice is that it 
declares a pointer variable to hold a 1 i nkedl i st object and then uses the new 
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Listing 15.9 Main program for the linked list demo program 

void newPerson (linkedlist *l; 
void findPeople (linkedlist *l: 
int menu (); 
void main Cl 
I 

linkedlist * mylist: // create one linked list object 
int option = O; 
mylist =new linkedlist(l; 
int result= mylist->load(l; 
if (result == FALSE) 

return; 

while (option != 9) 
I 

option= menu(); 
switch (option l 
I 

case 1: 
newPerson(myListl; 
break: 

case 2: 
findPeopleCmyListl; 
break; 

case 3: 
mylist->list(); 
break; 

case 9: 
mylist->unload (); 
break: 

default: 
cout << "\nUnavailable option"<< endl << endl; 

int menu() 
I 

int choice; 

cout « "\n\nChoose an option:" << endl 
cout << " 1. Add a new person"<< endl; 
cout « " 2. Find people"<< endl; 
cout « . 3. See all people" << endl; 
cout « . 9. Quit" « endl « endl: 
cout « "Choice: .. . 
cin » choice; 
return choice: 

« endl ; 

Continued on next page 
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Listing 15.9 (Continued) Main program for the linked list demo program 

void newPersonClinkedList * myList) 
I 

birthday * newB_day; 
string25 ifirst, ilast: 
date_string idate: 
char dummy[2]: 

II gets (dummy); II my favorite kludge 
cout << "\nFirst name: ": 
gets C ifi rst >: 
cout << "Last name: ": 
gets C il as t > : 
cout << "Birthdate: "· 
gets C idate>: 
newB_day =new birthday Cifirst, ilast, idate>: 
myList->insert CnewB_dayl: 

void findPeople ClinkedList * myList) 
I 

string25 ifirst. ilast: 
date_string idate: 
birthday * found[MAX_FOUNDJ, * onePerson: 
int numb_found; 
char dummy[2]; 

II getsCdummy); II my favorite kludge 
cout << "\nWhat birthdate? ": 
gets ( idate): 
if Cstrlen Cidate) > OJ 
I 

else 
I 

numb_found = myList->find Cidate. found); 
if Cnumb_found >= OJ 

for (int i = O: i <= numb_found: i++l 
I 

found[i]->display(J; 
cout « endl: 

cout << "Flrst name: ": 
gets Cifirst); 
cout << "Last name: ": 
gets C il ast l: 
onePerson = myList->find Cifirst, ilast); 
if ConePerson == OJ 

cout <<"No one was found.": 
else 

onePerson->display(); 

• 
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statement to create the object. Why use dynamic binding in this case? Because the 
program function that adds items to the list modifies the l i n k e d Li st object. If you 
use a pointer to the object as a parameter to the program function, you pass the 
l i n k e d Li s t object by reference; you don't need to return the modified object, 
because all changes are made to the original in main memory. In this case, it is much 
easier just to use a pointer than to worry about returning the object. 

The newPerson program function collects data for a new birthday object, cre­
ates the object with the new operator, and uses the pointer returned by new to insert 
the object into the linked list. It's a toss-up whether this function is really necessary. 
The program could have placed the code to collect the data for the new object and to 
create the object in a l i n k e d Li st member function. That function could then have 
called insert. Either organization will work. (You'll see an example of the alterna­
tive organization when we look at a linked list for the Checkbook program.) 

On the other hand, the f i n d Pe op l e function is necessary: The l i n k e d Li s t 
cl.ass has two f i n d functions, and the program needs to determine which one the 
user wants to use. It does this by asking the user for a birthdate to match. If the user 
presses Enter without typing anything, the length of the i date variable is O, and the 
function knows that the user isn't interested in matching by date. It can then go on to 
ask for a first name and last name to match. 

The way in which the f i n d Pe op l e function displays the results of a search is, of 
course, determined by which search is being performed. In the case of a search by 
date, the output code uses the number of matches returned by the f i n d member 
function to control a for loop that displays data for each of the retrieved objects. 
However, a search by first and last names produces only one result, a pointer to 
which is returned by the function call. The display therefore needs only to check to 
see whether the search was successful. 

Programming Challenge 
Number14 

Removing an item from a linked list is almost the opposite of inserting a new item. 
First, you find the object you want to delete. Then you set the previous object (the 
one preceding the object to be deleted) to point to the next object (the object follow­
ing the object to be deleted). Because there are no longer any pointers to the object 
being removed, it is no longer part of the list. 
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For this programming challenge, add a member function to the linked list demon­
stration program's 1 inked List class to remove an item from the list. Once the 
object is deleted, remove it from memory with the de 1 et e command: 

delete objectPtr; 

Here objectPtr is a pointer variable containing the address of the object being 
removed from memory. 

Provide a menu option to let the user delete items. Use one or both of the existing 
find functions to locate the object. Then remove it from the list. Use the program's 
1 i st capabilities to verify that your function works. (Hint: Don't forget to decre­
ment the numb_peop 1 e variable each time you delete an object!) 

Modifying the Checkbook 
Program 

Rather than allocating an array of 10,000 pointers for transactions in the Checkbook 
program, why not use a linked list of transaction objects? If you do so, the program 
allocates both objects and pointers to those objects as needed. This makes more effi­
cient use of memory than even an array of pointers to dynamically created objects. 

Much of what has been implemented in the Checkbook program is identical to 
what you just saw in the linked list demonstration program. We therefore won't 
examine every facet of the Checkbook program's linked list implementation, but 
instead will focus on what makes the Checkbook program unique so that you can see 
another example of a how linked list is coded. 

THE LIST MANAGER CLASS 

The linked list for the Checkbook program is somewhat different from that in the 
linked list demonstration program, because the Checkbook program needs one 
linked list for each checking account. In the demonstration program, the 
1 i n k ed Li st object was handled by the main program. However, in the Checkbook 
program the 1 i n k ed Li st object is handled by an Account object. (As you will see 
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shortly, the Account class must therefore contain a pointer to its linked list manager 
object.) 

The l inked List class for the Checkbook program, in Listing 15.10, contains 
class variables for a pointer to the first transaction in the list, a pointer to the 
Account object that owns the list, and a count of the number of transactions in the 
list. The member functions include a function to collect data for a new transaction 
(newTrans). The remaining member functions are similar to those found in the 
linked list demonstration program. 

Listing 15.10 A linked list class for the Checkbook program 

class linkedlist 
( 

l; 

private: 
Trans * firstTrans; 
Account * owner; 
int transCount; 

public: 
linkedlist (Account*, int): 
void newTrans (); 
II insert into list: used by newTrans and file constructor 
void insert (Trans *): 
Trans * find (char*); // find by check/reference numb 
II find by date and Payee/Source 

Trans* find Cdate_string, string80l; 
II list transactions in date range 
void byDate Cdate_string, date_string); 
Trans* next (Trans *); // pass in last one processed 
int gettransCount (); 

linkedlist::linkedlist <Account* iowner, int icountl 
( 

firstTrans = 0: 
owner = iowner: 
transCount = icount; 

CREATING NEW TRANSACTIONS 

For the Checkbook program, all processing needed to create a new transaction is 
handled by the linkedlist object. The newTrans member function (Listing 
15.11) collects the data needed for a new transaction and then creates the Trans 
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Listing 15.11 Creating new transactions for a linked list 

void linkedlist::newTrans() //for interactive use 
{ 

char icheck_numb[6J. iType[8J; 
date_string itrans_date; 
string80 iPayeeSource, iNote; 
fl oat i Amount; 
Trans * newTrans; 

cout << "\nCheck or other reference f: "; 
cin.getline (icheck_numb,6l; 
cout << "\nTransaction type (check, deposit, ATM, service): "· 
gets ( iTypel; 
cout << "\nTransaction date: "; 
cin.getline (itrans_date,80); 
cout <<"\Payee or source:"<< endl; 
cin.getline (iPayeeSource,80); 
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cout << "\nTransaction note Cup to 80 characters):" << endl; 
cin.getline CiNote,80); 
cout << "\nAmount of the transaction: "· 
ci n » i Amount; 
newTrans = new Trans <owner, icheck_numb, itrans __ date, iPayeeSource, 

i Note. i Amount. i Type l ; 
insert (newTransl; 
transCount++; 

object. Once it has a pointer to the new transaction, the function calls insert to 
make the new object a part of the list. 

NOTE 

The newTrans object knows the account to which this new transaction belongs because 
the linked.List object stores a pointer to the account that owns it in its "owner" vari­
able. 

The Checkbook program maintains transactions in reverse chronological order. 
This means that the latest date comes first. As you can see in Listing 15.12, the deci­
sion of where to insert a new object is made by comparing the date in the new object 
with the date in each object in the list. When the date in the new object is greater 
than the date in the current object, the function knows to insert the new object prior 
to the current object. Other than the change in the ordering of the objects, the list 
insertion process is the same as that used in the linked list demonstration program. 
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Listing 15.12 Inserting into the linked list of transactions 

void linkedlist::insert (Trans* newTrans) 
I 

Trans * current, * previous; 
date * newDate, * currentDate; 
int count = O; 

II order is in descending chronological. order (latest date first) 
if (firstTrans ==OJ 

else 
I 

firstTrans = newTrans; II simply insert first one 

newDate = newTrans->getDate(); 
int first= TRUE: 
current= firstTrans: II start at first transaction 
currentDate = current->getDate(); 
while (*newDate < *currentDate && count++ < transCountl 
I 

I 

first = FALSE; 
previous= current: II need to save where we were 
current= current->getNext(); II move to next transaction 
if (current !=0) 

currentDate = current->getDate(l; 

II set previous transaction to point to new transaction except when 
II new transaction is first in the list 
if (!first) 

previous->setNextPtr (newTransl; 
else 

firstTrans = newTrans; II new transaction is first in list 
II set new transaction to point to following transaction 
newTrans->setNextPtr (current); 

ACCESSING THE LIST 

In Listing 15.13 you will find the Account class member functions that search for 
transactions. These functions look very much the originals in which the transactions 
were stored in an array. The major difference is that rather than moving to the next 
element in an array of transactions, the functions use a get Next function to step 
through the linked list. 

These functions use a slightly different method of controlling the loop that steps 
through the list. Rather than checking a count of the number of objects that have 
been processed, the loops look for an object pointer of o. This is based on the knowl­
edge that the pointer to the next object in the last object in the list is O. Which is 
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Listing 15.13 Accessing data in the linked list of transactions 

Trans* linkedlist::find (char* icheck_numb) //find by check number 
{ 

Trans * current; 
current= firstTrans; 
while (current != 0) 
{ 

if (strcmpCcurrent->getCheck_numb(),icheck_numb) 0) 
return current; 

current= current->getNext(); 

return O; 

Trans* linkedlist::find (date_string idate. string80 iPS) 
{ 

Trans * current; 
date cDate (idate), iDate Cidate); 

current= firstTrans; 
while (current != 0) 
{ 

cDate = *current->getDate(); 
if (cDate == iDate && strcmp Ccurrent->getPS(),iPS) 0) 

return current; 
current= current->getNext(); 

return O; 

void linkedList::byOate Cdate_string start. date_string end) 
{ 

date sDate (start), eDate (end), tDate (start); 
Trans * current; 

current= firstTrans; 
tDate = *current->getDateC>: 
while (tOate > eOate && current != Q) // find first one 
{ 

current= current->getNext(); 
if (current != 0) 

tDate = *current->getDate(); 

while (tOate >= sDate && current != 0) // now display 
{ 

current->displayTrans(); 
current= current->getNext(); 
if (current != 0) 

tDate = *current->getDate(); 
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308 Chapter 15 • Data Strudures: Linked Lists 

better: counting the objects or looking for a pointer of O? It doesn't matter. Counting 
objects will work as long as you faithfully increment the object counter whenever a 
new object is created. Looking for a pointer of 0 will work as long as you make sure 
that the next pointer is always initialized to o whenever an object is created. 

MODIFICATIONS TO THE ACCOUNT CLASS 

The Account class needs to be modified slightly to deal with a linked list of transac­
tions rather than an array of transactions. The class declaration (top of Listing 15.14) 
must include a variable (trans Li st) that points to the 1 i n k e d Li st object that 
manages the account's transactions. In addition, the declaration must provide a 
member function to return a pointer to that list manager object (get Li st). 

The bulk of the other changes come in the class's two constructors (also found in 
Listing 15.14). The interactive constructor creates a 1 inked List object for a new 
Account object. The file input constructor must create the list manager object, read 
transaction data from the file---creating Trans objects as it goes-and also insert 
each Tr a n s object into the linked list. 

FINDING THE LIST MANAGER 

When the Account class used an array of transactions, all a program needed to do to 
gain access to those transactions was to find the account in which the transactions 
were stored. However, now that there's a list manager object between an account 
and its transactions, access to the transactions requires finding the 1 i n k e d Li s t 
object. 

To see how this works, take a look at the modified program function to enter a 
new transaction (Listing 15.15). This function collects the bank name and account 
number and uses them to find the account, just like it did in previous versions of this 
program. However, once the function has a pointer to an account, it must use the 
Account class's get Li s t function to retrieve the pointer to the account's 
1 i n k e d Li st object. Once the program function has a pointer to the list manager 
object, it can use that pointer to call the member function that creates a new transac­
tion. All of the program functions that work with transactions directly must use this 
two-step process to access the linked list: Find the account and then find the 
account's linked list manager. 
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Listing 15.14 Modifications to the Account class 

class Account 
{ 

private: 
string25 acc_numb; 
string50 bank_name; 
float balance; 
linkedlist * translist; II list manager object 
int lastTrans_numb; 

public: 
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Account Cstring25, string50, float); II interactive constructor 
Account Cifstream &>; II constructor for file input 

I; 

int nextTrans_numb (); 
void Reconcile(); 
void write Cofstream &l; II write to file 
char* getAcc_numb (); 
char* getBank_name(); 
void setBalance (int, float); II change balance 
linkedlist * getlist (); II return pointer to transaction list 

II interactive constructor 
Account::Account Cstring25 iAcc_numb, string50 iBank_name, float iBalance) 
{ 

strcpy Cacc_numb, iAcc_numb); 
strcpy Cbank_name. iBank_namel; 
balance = iBalance; 
translist =new linkedlist (this, 0); II create list manager object 
lastTrans_numb = 0; 

II file input constructor 
Account::Account Cifstream & fin) 
{ 

Account * owner; 
Trans * newTrans; 
char dummy; 
int transCount; 
fin.getline Cacc_numb,80,'\0'); 
fin.getline Cbank_name,80, '\0'); 
fin » balance; 
fin >> lastTrans_numb; 
fin >> transCount; 
translist =new linkedlist (this, transCount); II create list manager 
for (int i = O; i < transCount; i++) 
I 

newTrans =new Trans (fin); II create transaction object 
translist->insertCnewTrans); II insert it into linked list 

fin.get (dummy); II skip over blank between accounts 
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Listing 15.15 Program function to enter a new transaction 

void enterTrans (arrayMgr accountArray) 
I 

Account * whichAccount; 
linkedlist * whichlist; 

whichAccount = accountArray.findAccount(); 
if (whichAccount == 0) 
I 

cout << "\nThat account isn't in the database." << endl; 
return; 

whichlist = whichAccount->getlist(); 
whichList->newTrans (); 

Programming Challenge 
Number 15 

It's not uncommon to have linked lists where new objects are always inserted either 
at the beginning of the list or at the end of the list. For this challenge, you'll be modi­
fying the Checkbook program to explore both types of ordering. Start with a fresh 
copy of the folder Checkbook (Chapter 15) each time. Be sure to delete the Checkbook 
data file as well. When you reorder the linked lists, the data in the file won't work 
properly. 

First, modify the Checkbook program so that new transactions are always inserted 
first. Use the View Transactions menu selection to help you look at your data so that 
you know your modifications are working properly. 

Second, modify a new copy of the Checkbook program so that new transactions 
are always inserted last. As you get ready to do this, consider whether there is a 
change you could make to the 1 i n k ed Li st class that would make it possible to find 
the last element in the list without traversing the entire list. (If you make this change, 
you'll also have to make some modifications to the insert function.) Once again, be 
sure to check your code to make sure it works. 



Linked Lists Versus Arrays 311 

Linked Lists Versus Arrays 

Given that you can choose between arrays and linked lists to manage a group of 
objects of the same class, which should you use? Because there are advantages and 
disadvantages to each, there is no straightforward answer. 

Arrays are random access data structures. You can access any element by simply 
supplying its array index; you don't need to start at the beginning of the array. An 
array can therefore be used for fast search techniques like the binary search you saw 
in Chapter 14. However, the number of elements you can place in array is limited by 
the size declared in the program. If you need to expand an array, you must modify 
the program's source code and recompile it. In addition, an array always takes up as 
much space as is declared for the array, regardless of whether you place data in every 
array element. An array therefore isn't terribly efficient in its use of memory. 

On the other hand, the number of elements you can add to a linked list is limited 
only by available main memory. You don't need to allocate a large array and tie up 
memory before you need it. The major drawback to a linked list is that it is a sequen­
tial data structure; you can access its elements only in order, beginning with the first 
one and moving to the next. Fast search techniques, such as the binary search, can't 
be used and therefore, as the linked list gets large, searching may be slow. 



CHAPTER 

Inheritance 

The one remaining major feature of object-oriented C++ that we haven't explored to 
this point is inheritance. As you will remember from Chapter 2, inheritance is a 
mechanism through which classes can use variables and member functions declared 
in other classes, providing a way to avoid duplication when a program uses several 
similar, but not quite identical, classes. 

In this chapter you will learn more about situations in which inheritance is appro­
priate. You will also learn how to implement an inheritance hierarchy and how to use 
something called polymorphism to get objects in the same hierarchy to respond differ­
ently to the same message. 
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Where Inheritance Makes 
Sense 

Inheritance can save you a lot of work: It often means that you can avoid duplicating 
variables and member functions. It can also make programming easier because 
related classes can be handled in the same way. However, there are some very specific 
circumstances under which inheritance is applicable. 

To help you understand when inheritance can be used, let's take a look at some of 
the classes that might be used in a program that manages realty listings. (This pro­
gram will be used as an example throughout this chapter.) The company that uses 
this program handles homes, farms, and businesses. All of these might be classified as 
pieces of property, but the data that describe them are somewhat different. For exam­
ple, when listing a home, the program should store information about the number of 
bedrooms and bathrooms; when listing a farm, the program should include the num­
ber of acres that can be planted. However, all pieces of property have an owner and 
an asking price. 

When you have a situation in which classes share some but not all variables, then 
the use of inheritance may be helpful. The iron test of whether you are looking at 
inheritance, however, is the relationship between the classes. If you look at Figure 
16.1, for example, you can see that the words we use to talk about the relationship 
between a generic class that describes a piece of property and specific types of prop­
erties are "is a." In other words, a house "is a" piece of property, just like a farm "is a" 
piece of property and an office "is a" piece of property. Houses, farms, and offices are 
more specific instances of the generic class property. When you can express the rela­
tionship between two classes using "is a" -when one class is a more specific instance 
of another-then you are looking at inheritance. 

If you look again at Figure 16.1, you'll notice that you read the "is a" relationship 
up the diagram. However, the inheritance of variables and member functions travels 
down the hierarchy. In this case, the property class is a base class, a class from which 
other classes inherit. The classes for homes, farms, and offices are derived classes 
because their declarations are derived from the declaration of another class. The 
derived classes share all the variables and many of the member functions of their base 
class. 

There are other types of relationships between classes that occur within an object­
oriented program. For example, if the Realty Listings program were to include a class 
for the owner of properties that were listed, you might say that an owner "owns" a 
piece of property (see Figure 16.2). Although the property class will need to contain 
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Figure 16.1 Inheritance in the Realty Listings program 
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at least an owner's name, inheritance isn't applicable here, because a piece of prop­
erty isn't a more specific example of an owner. 
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Examining a Base Class 

The Realty Listings program contains four classes: the base class property and 
three derived classes (residential, ag ri cul tu ra l, and commercial). The dec­
laration of the base class (Listing 16.l} initially looks very much like any other class. 
There are, however, some important differences. 

Listing 16.1 Base class for the Realty Listings program 

typedef char string80[81J: 
typedef char string25[26J: 

const MAX_PROPERTIES = 25; 
const float HOUSE_COM = .0625: 
const float FARM_COM = .03; 
const float BUS_COM = .075: 

class property 
{ 

I: 

protected: 
int property!O; 
double asking_price: 
string80 owner_name: 
string25 owner_phone, type; 
char* switchBoolean(intl: //change TRUE/FALSE to a string 

public: 
property (string25); 
property (ifstream &, string25l; 
void setPrice (double): // change asking price 
int get IO (): 
char* getType (); 
double getPrice (); 
virtual void display () = 0: // display all data 
virtual float computeCommission () = 0: // compute commission 
virtual void write (ofstream &l = 0; II write to text file 

First, notice that the class variables are p rote ct e d, not p r i v a t e. When a base 
class's variables are pr i vat e, derived classes can't access them, effectively prevent­
ing the derived classes from inheriting (sharing) the base class variables. However, if 
you make the base class variables protected, all classes in the inheritance hierarchy 
can access the base class variables, but classes outside the hierarchy can't. In other 
words, p rote ct e d variables are essentially private to classes not part of the 
hierarchy. 
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MEMBER FUNCTIONS FOR INHERITANCE: VIRTUAL 

FUNCTIONS 
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A derived class inherits many of its base class's member functions. However, con­
structors, overloaded operators, and friend functions aren't inherited. In Listing 16.1 
the setP rice, get ID, getType, and get Price functions are inherited directly by 
derived classes, which can call the base class functions by simply using their names. 
This means that you don't need to duplicate the functions in the derived classes. 
Their source code needs to appear only once, as part of the base class. 

However, because the derived classes are going to add their own variables, there 
are some base class functions whose source code can't be inherited. These include 
the display function (displays data about a property), computCommi s s ion (com­
pute how much commission a property will generate for the realty firm, different for 
each derived class because the commission rates vary), and w r i t e (writes data to a 
text file). Nonetheless, the same three functions should be part of each derived class. 

When you have a situation in which the same function should appear in classes 
derived from the same base class but the function bodies are different, you are look­
ing at polymorphism. Polymorphism means that classes derived from the same base 
contain functions with the same signature, although the classes act differently when 
the functions are called. 

NOTE 

Don't get polymorphism confused with function overloading. Function overloading 
occurs when one class has multiple functions with the same name, each with a different 
signature. Polymorphism occurs when different classes derived from the same base class 
each have a function with the same signature. 

Polymorphism is implemented using virtual functions. A virtual function­
declared by placing the keyword vi rt u a l in front of the function prototype-is a 
function that can be redefined in a derived class. If a derived class contains source 
code for a virtual function, calling the function uses the derived class's function. 
However, if the derived class doesn't redefine the function, calling the function uses 
the base class's implementation. 

A base class doesn't need to provide an implementation of a virtual function. In 
the case of the Realty Listings program, for example, there's no way to provide an 
implementation of the virtual functions that can be used by any of the derived 
classes. (Writing a function that would never be used is a waste of code.) The base 
class therefore contains only a prototype for the virtual functions. 
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To indicate that a virtual function will have no body and that it will definitely be 
redefined in derived classes, follow its prototype with = 0. A function of this type is 
known as a pure function. In turn, any base class that contains at least one pure func­
tion is an abstract base class, a class from which no objects can be created. An abstract 
base class therefore functions as a generic starting point for an inheritance hierarchy. 
(It has another important use to which you will be introduced shortly.) 

NOTE 

If you forget the =O at the end of a pure function, your program will compile, but will 
generate a linker error that begins with "_vt_". 

Once a virtual function has been declared as virtual, it remains virtual all the way 
down the inheritance hierarchy. However, the keyword vi rt u a l isn't necessary any­
where except in the base class where the function first becomes virtual. 

Examining Derived Classes 

Derived classes also look very much like classes that aren't part of an inheritance 
hierarchy. Listing 16.2, for example, contains the three classes derived from the 
property class. There is one additional element that you haven't seen before: the 
indication of the base class from which a class is derived. 

To indicate the base class, you follow the name of the derived class with a colon, 
the type of inheritance, and the name of the base class: 

class class_name : type_of_inheritance base_class_name 

There are two types of inheritance, pub l i c and pr i vat e, although pr i vat e inher­
itance is rarely used. When inheritance is p r i v a t e, all of the base class's elements 
(variables and functions) are private to the derived class. In other words, the 
derived class won't be able to access anything in the base class, a situation that, in 
most cases, defeats the purposes of inheritance. Under pub l i c inheritance, the 
derived class inherits the base class's protected elements as protected and pub-
1 i c members as public. Private elements, if there are any, remain private. 

Unfortunately, pr i vat e inheritance is the default. Although you will use pub l i c 
inheritance in virtually every case, if you happen to leave off the pub l i c keyword, 
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Listing 16.2 Derived classes for the Realty Listings program 

class residential : public property 
I 

I: 

private: 
int numb_bedrooms, fireplace, family_room: 
float sq_ft, numb_bathrooms; 

public: 
residential Cstring25); 
residential (ifstream &, string25); 
void display (); 
float computeCommission Cl: 
void write Cofstream &l: 

class commercial public property 
I 

I: 

private: 
int numb_offices, numb_floors, elevator; 
fl oat sq_ ft; 

public: 
commercial Cstring25l: 
commercial Cifstream &, string25); 
void display (); 
float computeCommission Cl: 
void write Cofstream &l; 

class agricultural public property 
I 

I: 

private: 
float acreage, house_sq_ft, barn_sq_ft: 
int house, barn; 

public: 
agricultural Cstring25); 
agricultural Cifstream &, string25l; 
void display Cl: 
float computeCommission Cl: 
void write Cofstream &l: 
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you'll discover that your derived classes won't be able to access anything from their 
base classes. 

As you look at Listing 16.2, notice that the classes don't contain the variables that 
are part of the base class. Nonetheless, when a program creates objects from one of 
these derived classes, those objects will include the base class variables. In addition, 
the derived classes don't include the nonvirtual functions that are part of the base 
class. When functions are bound to objects created from the derived classes, the 
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nonvirtual member functions of the base class are bound along with any functions 
defined in the derived classes. 

Base Class Pointers 

One of the most useful features of inheritance is the ability to use a pointer to a base 
class object to reference any object of any class derived from that base class. Con­
sider, for example, the problem facing the Realty Listings program. Because the 
objects that represent the listings are from three different classes, there is no immedi­
ately obvious way to reference them together, to place them in the same array or 
linked list. If you must keep groups of listings objects in different data structures, 
searching through those listings will be very cumbersome. 

However, because the three listings classes are all derived from the same base 
class, you can declare data structures that hold pointers to objects created from the 
base class rather than any of the individual derived classes. This does not mean that 
you will ever create objects from the base class. Instead, it means that when you 
assign a pointer to an object from a derived class to the base class data structure, the 
computer will typecast the derived class object's pointer to a base class pointer. The 
beauty of this is that you can handle objects from different but related classes 
together. 

The Realty Listings program does exactly that with its array that manages objects 
of listings. As you can see in Listing 16.3, the declaration of the a r ray Mgr class, the 
l i s ted array is declared to hold pointers to property objects. Although no object 
is ever created from the property class-it can't be, as property is an abstract 
base class-the l i st e d array can hold pointers to homes, farms, and businesses. 

In addition, notice that the arrayMgr class's member functions (Listing 16.4) 
work on base class pointers. For example, the i n s er t function, which places a new 
piece of property into the array, expects a pointer to a property object. This means 
that it will accept a pointer from any object created from any class derived from 
property. The first find function returns a pointer to a pointer object, which 
will be a pointer to an object from one of the three derived classes. The second f i n d 
function also returns pointers to any of the three derived classes through an array 
declared to hold property class pointers. 

Although the array deals with all three derived classes in the same way when 
inserting them into the array or searching for a property, the structures of the three 
classes are still different. This means that when the program creates an object for a 
new piece of property, it must create an object of one specific type. To see the 
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Listing 16.3 Array manager class from the Realty Listings program 

cl ass arrayMgr 
I 

private: 
int numb_properties: 
property* listed[MAX_PROPERTIES]; 

public: 
arrayMgr (); 
int load (); II read from file 
void insert (property*); 
property* find (int); II find by property ID 
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int find (property*[], string25l; II find by type of property 
void unload(); II write entire array to file 

} ; 

implications of this issue, look at the l o ad function in Listing 16.4, the function that 
controls reading data from the text file. Notice that the function reads the type of 
object from the data file first. It then uses that value to decide what type of object to 
create with the new operator. 

On the other hand, the u n l o ad function, which controls writing data to the text 
file, doesn't need to be concerned explicitly with the type of object. The computer 
knows the type of object to which a given pointer in the array is pointing. When the 
l o a d function calls a derived object's w r i t e function, it calls the w r i t e function 
from the correct class. 

Base Class Member Functions 

Two types of member functions are defined in base classes. The first is member func­
tions that can be used by most or all of the functions derived from the base class. The 
second is member functions that can't be inherited but that can be called by derived 
classes. Constructors fall into the latter classification. 

In Listing 16.5 you will find the member functions for the property class. The 
first two functions are constructors: one for interactive input and the other for file 
input. The third function is a private function that converts the integer used to store 
yes/no values into a string. The fourth is a function that sets a new asking price, and 
the final three are functions that return private data to a calling function. Because the 
constructors are somewhat different from ones you have seen before, we'll look at 
them in a bit more depth. 
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Listing 16.4 Array manager member functions 

arrayMgr: :arrayMgr() 
{ 

numb_properties = O; 
for (int i = O; i < MAX_PROPERTIES; i++) 

listed[iJ = O; 

int arrayMgr::load () 
{ 

char yes_no, dummy; 
string25 itype; 
int count; 
ifstream fin ("Properties"); 
if (!fin) 
{ 

cout << "\nCouldn't open input file. Continue? " 
cin » yes_no; 
if (toupper(yes_nol == 'N'l 

return FALSE; 
else 

return TRUE; 

fin » count; 
fin.get (dummy); II skip over blank 
for (int i = O; i < count; i++) 
{ 

fin.getl ine (itype,80, '\O' l; 
if (strcmp (itype,"house") == 0) 

listed[i] =new residential (fin, itypel: 
else if (strcmp (itype,"farm"l ==OJ 

listed[i] new agricultural (fin, itype); 
else 

listed[iJ new commercial (fin, itype); 
insert (listed[iJl: 

fin.close(); 
return TRUE; 

void arrayMgr::insert (property* newPlacel 
{ listed[numb_properties++J = newPlace: 

property* arrayMgr::find (int propIOl 
{ 

for (int i = O; i < numb_properties; i++) 
if (listed[iJ->getID(l == propIDl 

return listed[i]; 
return O; 

Continued on next page 
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Listing 16.4 (Continued) Array manager member functions 

int arrayMgr::find (property* found[], string25 itype> 
{ 

int j = 0; 

for (int i = 0; i < numb_properties; i++) 
if CstrcmpClisted[iJ->getType(),itype> == 0) 

found[j++J = listed[iJ; 
return j; 

void arrayMgr::unload Cl 
{ 

ofstream fout ("Properties"); 
if ( !fout) 
{ 

cout << "\nCouldn't open output file."; 
return; 

fout « numb_propert i es « ' '; 
for (int i = O; i < numb_properties; i++) 

listed[iJ->write(fout); 

THE INTERACTIVE CONSTRUCTOR 
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In most of the programs you have seen to this point that use dynamic binding, data 
are collected by a program function and then passed into a constructor. However, in 
this case the data are collected by the constructor. The advantage to this strategy is 
that data can be input directly into class variables. Doing so significantly reduces the 
volume of the data that must be passed from one function to another and thus sim­
plifies function signatures. 

The drawback to doing this is that the user interface-the code that collects the 
data-is part of the class. This means that if you move the program from one com­
puting platform to another (for example, from the Macintosh to Windows), you must 
modify the class when you make the change. However, if all the user interface code is 
part of the main program, classes can be transported without significant modifica­
tion. 

NOTE 
This doesn't mean that user interface code should never be a part of classes. In fact, 
when you get into ToolBox programming and in particular begin to use Metrowerks's 
application framework (PowerPlant), you'll see that elements of the Macintosh user 
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Listing 16.5 Base class member functions 

property::property Cstring25 itype) 
I 

char dummy[2J; 

strcpy (type. itype); 
cout « "\nProperty ID: ·; 
cin >> propertylD; 
cout <<"Asking price: "; 
cin >> asking_price: 

II gets (dummy); II kludge 
cout << "Owner's name: "; 
cin.getline Cowner_name.80); 
cout << "Owner's phone: "; 
cin.getline Cowner_phone.80): 

Chapter 16 • Inheritance 

property::property (ifstream & fin, string25 itype) 
I 

char dummy; 

strcpy (type, itype); 
fin >> propertyID >> asking_price; 
fin.get (dummy); 
fin.getline Cowner_name,80. '\O' ); 
fin.getline Cowner_phone,80,'\0'): 

II Private function to translate integer storage into strings for 
II output. 
char* property::switchBoolean (int Boolean) 
I 

static char yes[]= "Yes", no[] ="No": 
if (Boolean == TRUE) 

return yes; 
return no; 

void property::setPrice (double newPrice) 
I asking_price = newPrice; I 

int property::getID () 
I return propertyID: 

char* property::getType Cl 
return type; I 

double property::getPrice () 
I return asking_price: I 
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interface, such as windows and menus, are represented as objects. However, the classes 
that support the interface are generally separate from classes that manipulate data. 
Whether you code your user interface inside classes or leave it in the main program is 
up to you, based on your judgment on how likely you think it is that you'll be modifying 
that interface code in the future. 

The property class's interactive constructor has only one input parameter: the 
type of property. As you saw in Listing 16.4, the array manager object needs to know 
the type of property so that it can create the correct type of derived class object. The 
type of property therefore becomes the only variable that it is essential to collect 
before creating an object and calling a constructor. 

Notice that this constructor collects data for the variables that are declared in the 
base class. Each of the derived classes can then call this constructor, sharing this code, 
which is common to all three of them. The major benefit here is the avoidance of 
unnecessarily duplicated code. 

NOTE 

Although you normally cannot explicitly call a constructor, a derived class constructor 
can call its base class's constructor. You will see how to do so shortly. 

THE FILE INPUT CONSTRUCTOR 

As you would expect, the file input constructor requires a file input stream as an 
input parameter. It also, however, accepts the type of property, which is read from 
the input file by the array manager object. 

Why is this read by the array manager and not by the derived class's constructor? 
Because the array manager must know which type of object to create when it issues a 
new statement. Since the type of object has already been read, it can simply be passed 
into the constructor. 

As you look at this constructor, keep in mind that the order in which the values are 
read must match the derived class's w r i t e functions exactly. The constructors and 
the w r i t e functions were therefore coded at the same time, ensuring the correct 
ordering of data values. 
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Derived Class Member 
Functions 

The member functions for the three derived classes look very similar to one another. 
Nonetheless, they have been tailored to the specific variables used by each derived 
class. In this section we'll look at each type of member function and examine how 
they differ among the three classes. 

THE INTERACTIVE CONSTRUCTORS 

The interactive constructors for the derived classes can be found in Listing 16.6. The 
first thing you should notice is that the function headers are somewhat different from 
what you have seen before: Each header is followed by a colon and a call of the base 
class constructor. This is the only way in which you can explicitly call a constructor. 

The call to the base class constructor occurs immediately after the computer 
enters the function'. Once execution of the base class constructor is complete, the 
computer executes the body of the derived class constructor. 

The body of all three functions is completely different. The data that are collected 
by each derived class constructor reflect the specific variables that a derived class has 
added to the variables inherited from the base class. 

Consider what would be needed in the main program (or the array manager 
object, should you choose to put it there) if the 1/0 to collect input data weren't part 
of the constructors. Regardless of where the rest of the data are collected, the main 
program needs to know which type of object the user wants to create. If the rest of 
the I/ 0 is in the constructor, once the main program knows the type of object, it can 
use the correct class name with the new operator. However, if the 1/0 isn't in the 
constructor, the main program must contain all of the code found in the three con­
structors, one set of I/ 0 statements for each type of object. As you can see, there is a 
significant trade-off between the simplicity of placing the I/ 0 inside the constructors 
and the cross-platform flexibility you gain by keeping the user interface out of data 
classes. 

THE FILE INPUT CONSTRUCTORS 

Like the interactive constructors, the function headers for the file input constructors 
(Listing 16.7) contain calls to the base class constructor. The base class constructor 
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Listing 16.6 Interactive constructors for the derived classes 

residential: :residential (string25 itypel 
: property (itype) II call base class constructor 

char yes_no; 

cout << "Square footage: "; 
cin » sq_ft; 
cout << "Number of bedrooms: "· 
cin >> numb_bedrooms; 
cout << "Number of bathrooms: "; 
cin >> numb_bathrooms; 
cout << "Does it have a fireplace? "· 
cin » yes_no; 

II store Booleans as integers 
if (toupper(yes_no) == 'Y') 

fireplace= TRUE; 
else 

fireplace= FALSE; 

cout << "Does it have a family room? "· 
cin » yes_no; 
if (toupper(yes_no) == 'Y') 

family_room =TRUE; 
else 

family_room = FALSE; 

commercial::commercial (string25 itype) 
: property (itype) 

char yes_no; 

cout << "Square footage: "; 
cin » sq_ft; 
cout << "Number of offices: " 
cin >> numb_offices; 
cout << "Number of floors: "· 
cin >> numb_floors; 
cout << "Elevator? "· 
cin » yes_no; 

II store Booleans as integers 
if (toupper(yes_no) == 'Y' > 

elevator= TRUE; 
else 

elevator= FALSE; 

Continued on next page 
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Listing 16.6 (Continued) Interactive constructors for the derived classes 

agricultural: :agricultural (string25 itype> 
: property Citype) 

char yes_no: 

cout <<"Arable acreage: ": 
cin » acreage; 
cout << "Is there a house? ": 
cin » yes_no: 
if Ctoupper(yes_no) == 'Y') 
I 

else 
I 

house = TRUE: 
cout << "Square footage of house: ": 
cin >> house_sq_ft; 

house = FALSE: 
house_sq_ft = 0; 

cout <<~rs there a barn? ": 
cin » yes_no: 
if (toupper(yes_no) == 'Y') 
I 

else 
I 

barn = TRUE; 
cout << "Square footage of barn: "· 
cin >> barn_sq_ft; 

barn = FALSE: 
barn_sq_ft = O; 

initializes the type variable and reads data that are common to all three derived 
classes. When execution of the base class constructor has finished, the computer exe­
cutes the constructor specific to the derived class. 

Data for all three derived classes are intermixed in the text file used by the Realty 
Listings program. As long as all objects for a given class are written and read consis­
tently, this mingling of data layouts presents no problems. However, it will not work 
if the computer is unable to correctly identify the type of object that it will be reading 
from the file. 
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Listing 16.7 File input constructors for the derived classes 

residential::residential Cifstream & fin, string25 itype) 
: property (fin, itype) 

char dummy; 
fin >> sq_ft >> numb_bedrooms >> numb_bathrooms >> fireplace 

» fami ly_room; 
fin.get (dummy); 

commercial::commercial (ifstream & fin, string25 itype) 
: property (fin, itype) 

char dummy; 
fin >> sq_ft >> numb_offices >> numb_floors >> elevator; 
fin.get (dummy); 

agricultural::agricultural Cifstream & fin, string25 itypel 
: property (fin, itype) 

char dummy; 
fin >> acreage >> house >> house_sq_ft >> barn >> barn_sq_ft; 
fin.get (dummy); 

DISPLAYING DATA 
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The di s p 1 ay function is a pure virtual function that has no body in the base class. 
Separate implementations of that function therefore appear in each of the derived 
classes (Listing 16.8). 

As an alternative, the program could make di s pl a y a nonpure virtual function in 
the base class by not following the prototype with= 0. In that case, the base class 
would contain an implementation of the function containing code that was common 
to all three derived classes. The derived classes could call the base class function 
using the scope resolution operator to tell the compiler where to find the function: 

property::display(); 

This is a good strategy when the derived classes share some of the function code but 
not all, much like what happens with the constructors. However, in this case the code 
is similar, but not identical, for each derived class. It therefore isn't feasible to 
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Listing 16.8 Displaying data for the derived classes 

void residential::display() 
( 

cout << "\nProperty #" << property!D <<" (Housel:"<< endl; 
cout << • • << sq_ft << " square feet" << endl; 
cout <<" •<<"Asking$"<< asking_price << endl; 
cout << " • << "Current owner: " << owner_name << " (" 

<< owner_phone << ")" << endl; 
cout << • • << "Bedrooms: " << numb_bedrooms << " Bathrooms: " 

<< numb_bathrooms << endl; 
cout << " " << "Fireplace: " << switchBoolean(fireplace) 

<<" Family room: "<< switchBoolean(family_roomJ << endl: 

void commercial::display Cl 
( 

cout << "\nProperty #" << property!D << • (Office):"<< endl; 
cout << " " << sq_ft << " square feet" << endl; 
cout << " " << "Asking $" << asking_price << endl; 
cout << " " << "Current owner: " << owner_name << • (" 

<< owner_phone << ")" << endl; 
cout << " " << "Number of offices: " << numb_offices << " on " 

<< numb_floors << "floors" << endl; 
cout <<" "<<"Elevator: "<< switchBoolean (elevator)<< endl; 

void agricultural::display () 
( 

cout << "\nProperty #" << property!D <<" (Farm):"<< endl; 
cout << " • << "Asking $" << asking_price << endl; 
cout << • " << "Current owner: " <<owner name << " (" 

<< owner_phone << ")" << endl; 
cout << " • << "Total arable acreage: " << acreage; 
cout << " " << "House? " << switchBoolean (house) << " (" 

<< house_sq_ft <<"square feet)"<< endl; 
cout << " " << "Barn? " << switchBoolean (barn) << " (" 

<< barn_sq_ft <<"square feet)"<< endl; 

separate some of the code into a base class function that is called at the beginning of 
the derived class function. 

COMPUTING THE ANTICIPATED COMMISSION 

The computeCommi ss ion function is also a pure virtual function in the base class. 
A complete implementation therefore appears in all three derived classes (Listing 
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16.9). The individual functions are necessary only because the commission rate is dif­
ferent for each type of derived object. 

Listing 16.9 Computing the anticipated commission for the derived classes 

float residential ::computeCommission () 
{ return asking_price * HOUSE_COM; 

float commercial ::computeCommission () 
I return asking_price * BUS_COM; } 

float agricultural ::computeCommission () 
I return asking_price * FARM_COM; } 

WRITING THE DATA TO A TEXT FILE 

Writing data to a text file (Listing 16.10) presents the same choices as does displaying 
data: You could code three separate functions or place the common code in a base 
class function that the derived class functions could call. In this case, there is much 
more common code than found in the d i s pl a y function. However, the duplication 
is minimal, and it is logically simpler to place all the output code in one function. 

The Main Program 

Because so much of the work in the Realty Listings program is done in the member 
functions, the main program is relatively simple. As you can see in Listing 16.11, the 
main function declares a pointer variable to hold a pointer to an array Mgr object 
and then creates the object and calls the array manager's load function to read the 
data stored in the text file. The rest of the ma i n function is s w i t ch logic that calls 
program functions based on the user's menu choice. 

The program functions called by the main function can be found in Listing 16.12. 
Look first at the newProperty function. As mentioned earlier, this function needs 
to collect at least one piece of data about a piece of property-its type-so that it 
knows which type of object to create. However, once the program knows the type, it 
can use the new operator to create the function and turn the rest of the data collec­
tion over to the object's constructor. After the constructor initializes the object, the 
new P rope rt y function inserts it into the a r ray Mg r object's array. 
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Listing 16.10 Writing data to a text file for the derived classes 

void residential::write (ofstream & foutl 
I 

fout <<type<< '\O'; 
fout « propertyID « ' '; 
fout « asking_price « ' '; 
fout << owner_name << '\O'; 
fout << owner_phone << '\O'; 
fout « sq_ft « ' '· 
fout << numb_bedrooms << ' '; 
fout « numb_bathrooms « ' '· 
fout « fireplace « ' '· 
fout << family_room << 

void commercial::write Cofstream & foutl 
I 

fout <<type<< '\O'; 
fout « propertyID « ' '· 
fout « asking_price « ' '· 
fout << owner_name << '\O'; 
fout << owner_phone << '\O'; 
fout « sq_ft « ' '· 
fout « numb_offi ces « ' ' ; 
fout « numb_ floors « ' '· 
fout « elevator « ' '· 

void agricultural ::write (ofstream & foutl 
{ 

fout <<type<< '\O'; 
fout « propertyID « ' '; 
fout « asking_price « ' '· 
fout << owner_name << '\O'; 
fout << owner_phone << '\O'; 
fout « acreage « ' ' · 
fout « house « ' '· 
fout « house_sq_ft « ' '· 
fout « barn « ' ' · 
fout << barn_sq_ft << ' '· 

The remaining program functions (other than the one that manages the menu) all 
require searching the array manager's array of properties to find one or more of 
them. The check Comm i s s i on function asks the user for the property ID number 
and then uses the array manager f i n d function that expects an integer as an input 
parameter. (The searches in this program are sequential just to keep the code as short 
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Listing 16.11 The main function for the Realty Listings program 

#include <iostream.h> 
#include <string.h> 
#include <stdio.h> 
#include <iomanip.h> 
#include "realty.h" 

int menu(); 
void newProperty CarrayMgr *); 
void findProperty CarrayMgr *); 
void checkCommission CarrayMgr *); 
void setPrice (arrayMgr *); 

void main () 
I 

arrayMgr * listings; 
int result, option = 0: 

listings= new arrayMgr (); 

result= listings->load(); II read text file 
if (result == FALSE) 

return: II exit program 

while (option != 9) 
I 

option= menu (); 
switch (option> 
I 

case 1: 
newProperty (listings); 
break: 

case 2: 
findProperty (listings); 
break; 

case 3: 
checkCommission (listings); 
break: 

case 4: 
setPrice (listings); 
break; 

case 9: 
listings->unload (); II write to text file 
break: 

default: 
cout <<"You've entered an unavailable option.": 

333 
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Listing 16.12 Program functions for the Realty Listings program 

int menu() 
I 

char dummy[2]; 
int choice; 
cout << "\n\nPick an option:"<< endl; 
cout << • 1. Add a new property"<< endl; 
cout << • 2. Find properties"<< endl; 
cout <<" 3. Check commissions"<< endl; 
cout << • 4. Change aksing price"<< endl; 
cout « • 9. Quit" « endl « endl; 
cout «"Choice:"; 
cin » choice; 

II gets (dummy); II kludge 
return choice; 

void newProperty (arrayMgr * listings) 
I 

string25 itype; 
property* newParcel; 
cout << "\nWhat type of property (house, farm, business): "; 
cin.getline (itype,80); 
if (strcmp(itype,"house") == Ol 

newParcel =new residential (itype); 
else if (strcmp (itype,"farm") == Ol 

newParcel =new agricultural (itypel; 
else 

newParcel =new commercial (itypel; 
1 istings->insert (newParcel); 

void checkCommission (arrayMgr * listings) 
I 

property * whichPlace; 
int ID; 

cout « "\nProperty ID/I: "· 
cin » ID; 
whichPlace = listings->find (ID); 
if (whichPlace == Ol 
I 

cout << "That property isn't listed."; 
return; 

cout << setprecision (2) << setiosflags (ios::fixedl; 
cout << "\nThe projected commission is $" 

<< whichPlace->computeCommission(); 

Continued next page 
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Listing 16.12 (Continued) Program functions for the Realty Listings program 

void findProperty CarrayMgr *listings) 
I 

int ID, how_many; 
string25 itype: 
property * whichPlace, * found[MAX_PROPERTIES]; 

cout << "Which type of property (house, farm, business)? ": 
gets Ci type> ; 

if CstrlenCitype> > 0) 
I 

how_many = listings->find (found, itype); 
if Chow_many > 0) 

for (int i = O; i < how_many; i++) 
found[iJ->display(); 

return; 

cout << "Property ID#: ": 
cin » ID: 
whichPlace = listings->find CID>: 
if CwhichPlace == 0) 
I 

cout <<"That property isn't listed."; 
return; 

I 
whichPlace->displayC>: 

void setPrice CarrayMgr * listings) 
I 

int ID: 
float newPrice; 
property * whichPlace; 

cout << "\nProperty ID#: "; 
cin » ID; 
whichPlace = listings->find CID); 
if CwhichPlace == O> 
( 

cout << "\nThat property isn't listed."; 
return: 

cout << "\nThe current asking price is$"<< whichPlace->getPrice(); 
cout << "\nNew asking price: "; 
cin » newPrice; 
whichPlace->setPrice(newPrice); 
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as possible). Using the base class pointer returned by find, it places the base class 
function get Pr i c e in a co u t statement to call the function, computes the antici­
pated commission, and displays the result. 

The set Pr i c e program function lets the user change the asking price of a prop­
erty. The function must first find the property (in this case, also by property ID). It 
then uses the base class pointer to call the base class function s et P r i c e. 

NOTE 
There's a program function named setPri.ce and a base class function named SetPri.ce. 
Doesn't the compiler get confused? No, it doesn't get confused at all. A function's signa­
tllre includes the class (if any) to which it belongs, along with its parameter list. Even if 
these two functions had the same parameter list, the fact that one belongs to a class and 
one doesn't is enough to make them distinct. 

The f i n d Property program function uses both the array manager's f i n d func­
tions. The second find, which expects a property type as an input parameter, 
returns multiple values in an array whose address is passed into the function. Notice 
that this array ( f o u n d) has been declared to hold base class pointers. Like the other 
data structures used by this program, it therefore can hold pointers to objects created 
from any or all of the three classes derived from property. 
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CHAPTER 

As you read in the Preface, writing a Macintosh application involves both knowing 
the language in which you are writing the program and being able to implement the 
Macintosh user interface. Fortunately for Macintosh programmers, the elements of 
the Macintosh user interface, along with many other aspects of the Macintosh envi­
ronment, are supported by a large group of functions that make up the Macintosh 
ToolBox, much of which is stored in the Macintosh ROM. 

NOTE 
One of the things that has prevented Macintosh clones from being developed indepen­
dently of Apple is the complexity of the ToolBox ROM. Without the ROMs to support 
ToolBox calls, it is virtually impossible to run existing Macintosh software (both the 
operating system and application software). Only now that Apple is licensing the Tool­
Box have clones become feasible. 

The Macintosh ToolBox is a powerful, complex set of functions. Although it is 
beyond the scope of this book to teach you ToolBox programming, this chapter will 
give you a flavor of what is involved in adding the Macintosh user interface to your 
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program. You will see some sample ToolBox routines and be introduced to the way 
in which programs that use the ToolBox are structured. Finally, you'll find some sug­
gestions of where you can go to extend your programming knowledge once you're 
comfortable with the C++ concepts covered in this book. 

Macintosh Application 
Structure 

A Macintosh program is event-driven. An event is anything that occurs in the Macin­
tosh environment, such as moving the mouse pointer, pressing a key on the key­
board, making a choice from the menu bar, or inserting a floppy disk. An event­
driven program, therefore, is one that bases its actions on the types of events that 
occur. 

Events are initially trapped by the Macintosh operating system. If the event is 
something that the operating system should handle (for example, making a choice 
from a Finder menu), the operating system takes care of the event without involving 
any programs. However, if the event relates to a program that is running, the operat­
ing system places the event in a waiting list known as the event queue. 

Each Macintosh program contains in its ma i n function a loop that calls a ToolBox 
routine named wa i tNextEvent. Whenever an event for the program is in the event 
queue, w a i t Next Event returns information about the event. The program figures 
out the type of event that has occurred and then uses s w i t ch logic to branch to a 
part of the program that handles that specific event. 

The programs we have written throughout this book are event-driven only in a 
very simplistic manner. The single event that these programs trap is entering a choice 
from a text-based menu. Once the menu is displayed on the screen, the program uses 
c i n to wait until the user enters a choice. After the choice has been entered, how­
ever, our programs have used s w i t ch logic to call functions that process each menu 
choice individually. This is exactly the structure an event-driven program uses to 
identify and respond to events. 
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ToolBox Calls 

The Macintosh ToolBox debuted with the first Macintosh in 1984. At that time there 
were two languages you could use to program the Mac: Pascal and assembly lan­
guage. Even today the ToolBox distinctly reflects its Pascal roots. 

The ToolBox routines are both Pascal functions (routines that return a value in a 
manner similar to the C++ return statement) and procedures (routines that either 
don't return any values or return values through a pass by reference). C++ program­
mers can handle all routines as functions. However, you must still deal with some of 
the subtle differences between the languages, including the way in which strings are 
stored. 

Documentation for the ToolBox is contained in a set of books known collectively 
as Inside Macintosh, published by Addison-Wesley. The books are available through 
major bookstores and APDA, an Apple subsidiary that sells materials of interest to 
software developers: 

NOTE 
To reach APDA, write to: 

APDA 
Apple Computer Inc. 
P.O. Box319 

Buffalo, NY 14207-0319 

Or call (800) 282-2732 and ask for a catalog. 

TOOLBOX ORGANIZATION 

The Macintosh ToolBox isn't just an amorphous collection of functions. The func­
tions are grouped into managers, functions that support a specific aspect of the Mac­
intosh environment. Among the many managers provided by the ToolBox are the 
following: 

• Control Manager: routines to handle controls, such as buttons, scroll bars, and 
sliders, that appear in windows 

• Dialog Manager: routines to handle dialogs and alerts 
• Event Manager: routines to handle event trapping 
• Font Manager: routines to handle font type and style 
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• File Manager: routines to handle care of working with files 
• Menu Manager: routines to provide support for menus 
• Printing Manager: routines to handle printing 
• QuickDraw: graphics drawing routines 
• Sound Manager: routines to support the recording and playback of sound 
• TextEdit: routines to perform basic text editing functions, such as cut, copy, and 

paste 
• Window Manager: routines to support windows 

One of the benefits of the concept of managers is that new ones can be added to 
the ToolBox whenever needed. New managers appear with new releases of the Mac­
intosh operating system and are available on disk to Macintoshes that were produced 
before the managers were created. (New managers are incorporated into the ROMs 
of new Macintosh models, but Apple has a history of not updating the ROMs on 
older machines: thus the technique of using disk-based ToolBox routines to expand 
the ToolBox for older Macintoshes.) 

TOOLBOX DATA STRUCTURES 

The ToolBox is not object-oriented. Classes for portions of the Macintosh user inter­
face, such as windows and menus, are the responsibility of the programmer. This 
means that although you may be writing an object-oriented program, you nonethe­
less must deal with the non-object-oriented data structures used by many of the 
ToolBox routines. 

The primary type of data structure used by ToolBox routines is a Pascal record 
(known as a structure in C and C++). A structure is somewhat like a class without 
member functions and without restrictions on variable access. In other words, it's a 
way of grouping variables of different types under a single name. 

To reference the elements of a structure, you can use dot notation, the same nota­
tion you have been using to access variables and functions of objects that are created 
for use with static binding. For example, assume that you have the following 
structure: 

struct Account 
I 

I; 

int ID_numb: 
fl oat Amt_Owed: 
date * Date_Due: 
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A program would declare a variable that holds the structure with: 

Account myAccount; 

Then the variables would be referenced with: 

myAccount.ID_numb 

myAccount.Amt_Owed 

*(myAccount.Date_Due) 
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The ToolBox makes extensive use of structures to represent many items within 
the Macintosh environment, including windows, menus, and files. Even if you are 
writing an object-oriented program, you must work with non-object-oriented struc­
tures, because they are the format in which ToolBox routines return much of their 
information. 

NOTE 

The ToolBox routines also rely on a large number of data types created with the Pascal 
equivalent of the typedef statement. 

TOOLBOX HEADER FILES 

Code Warrior supports the ToolBox routines by providing C-style prototypes for each 
of the ToolBox routines. These prototypes can be found in the Universal Headers 
folder. However, if you set up Code Warrior properly, you never need worry about 
including the correct ToolBox header file. 

The ToolBox headers have been precompiled. You can therefore make them avail­
able automatically to all programs you write by including the name of the precom­
piled header file as a prefix to your project. To do so, go to the Preferences window 
and click on the Languages icon. Make sure that MacHeadersPPC (if you're working 
on a Power Mac) or MacHeaders68K (if you're working on a 68K Mac) appears in the 
Prefix File box, as in Figure 17.1. (This is the default setup for CodeWarrior, so in 
most cases you shouldn't have to do anything.) 
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Figure 17.1 Using precompiled headers 
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Sample ToolBox Calls 

To give you an idea of what is involved in using ToolBox routines, we'll be adding 
some simple ToolBox calls to the Realty Listings program that you read about in 
Chapter 16. First, we'll add support for the Open File and Save File dialog boxes so 
that users can choose the files in which data should be stored. Then we'll add to the 
program some alerts that tell users when a search for property is unsuccessful. 

GETTING STARTED: INITIALIZING THE MANAGERS 

The first thing any Macintosh program that uses the ToolBox must do is initialize the 
managers. In most cases, you simply initialize all of them so you don't need to worry 
about exactly which ones your program will be using. A program function to do the 
initialization appears in Listing 17 .1. The first manager initialized is QuickDraw 
(I n i t Graf). This routine takes one parameter, which is a global variable that is part 
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Listing 17.1 Initializing the ToolBox managers 

void startToolBox Cl 
I 

II qd.thePort is a global Mac variable initialized by InitGraf 
InitGraf C&qd.thePort); 
InitFonts Cl; 
InitWindows (); 
InitMenus Cl; 
TEinit (): 
InitDialogs (nil l: 
InitCursor (): 
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of a structure named q d. Because this structure is declared in the MacHeaders file, 
you needn't define it yourself. The only other initialization routine that requires a 
parameter is the one that initializes the dialog manager. In this case, you pass it the 
constant n i 1 , which has been predefined to represent a null. 

CHOOSING FILES: THE STANDARD FILE PACKAGE 

Along with the large groups of routines clustered in managers, the ToolBox also has 
smaller groups of specialized routines known as packages. One of the oldest packages 
is the Standard File Package, which takes care of the Open File and Save File dialog 
boxes. 

NOTE 
Users call these dialog boxes Open File and Save File, but the ToolBox documentation 
has always referred to them as Get File and Pu.t File. 

NOTE 
Although the Standard File Package has been part of the ToolBox since 1984, it has been 
significantly revised over the years. If you aren't running System 7, the Standard File 
Package calls that have been added to the realty program won't worlel 
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Choosing a File to Open 
To display the Get File dialog box, a program uses the stand a rd Get Fi 1 e function: 

void StandardGetFile (FileFilerProcPtr fileFilter, 
short numTypes, SFTypelist typelist, 
StandardFileReply *replyPtr); 

Although the data types in this parameter list look very strange, keep in mind that 
these are structures and user-defined data types that have been declared in the Mac­
Headers file. 

The first parameter-f i 1 e Fi 1 t er-is a pointer to code that can be used to filter 
the types of files that appear in the dialog box. In most cases, you can just pass n i 1 . 
The second parameter-numTypes-is the number of types of files that you will 
allow to appear. To allow all types, as we will do in this case, you can pass -1. 

The type List is an array of four character file types. The number of types in the 
list is contained in the n um Types parameter. If you are allowing all types of files, the 
computer ignores the type Li st . 

The final parameter is a pointer to a structure in which the Macintosh will return 
information about the user's interaction with the Get File dialog box. The structure 
has the following elements: 

struct StandardFileReply 
{ 

} ; 

Boolean 
Boolean 
OS Type 
FSSpec 
ScriptCode 
short 
Boolean 
Boolean 
long 
short 

sfGood; 
sfReplacing; 
sfType; 
sfFile; 
sfScript; 
sfFlags; 
sflsFol der; 
sflsVol ume; 
sfReservedl; 
sfReserved2; 

For our simple example, two of the elements of the structure are of particular impor­
tance. The first is the Booleans fGood. This tells a program whether the user chose 
the Open button (either by clicking on it or by pressing Enter) or the Cancel button. 
If sf Good is TRUE, the user chose Open; it it's FALSE, the user chose Cancel. 
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The second important element is sf Fi 1 e. This structure, embedded within the 
St and a rd Fi 1 e Rep 1 y structure, contains the name of the chosen file. When you 
are working with File Manager routines, you can pass the entire F SS p e c structure as 
a parameter. However, to use stream I/ 0, we need to extract the file name from the 
structure so that it can be used when creating a file stream object. 

The FSSpec structure has the following elements: 

struct FSSpec 
I 

I: 

int 
long 
Str63 

vRefNum; 
par ID; 
name; 

If we have declared a Standard Fil eRep 1 y structure using the name rep 1 y­
St ruct, we can access the name with: 

replyStruct.sfFile.name 

The problem that the preceding presents is that the name of the file isn't stored as 
a C++ string; it's stored as a Pascal string. Pascal strings begin with a length byte and 
have no terminating null. In this case, the data type St r 6 3 indicates a 64-byte string 
(63 characters plus the leading length byte). As it stands, the file name can't be used 
as a parameter when creating an I/ 0 stream object. It must first be translated into a 
c++ string. 

The Realty Listings program does the conversion with a short function of its own. 
As you can see in Listing 17.2, the function accepts two parameters: the Pascal string 
and a pointer to where the C++ string will be stored. The function retrieves the 
length of the Pascal string by copying the contents of the first byte into an integer 
variable. It then uses that to determine how many characters to copy, one at a time, 
from the Pascal string to the C++ string. The final step is to explicitly add the termi­
nating null to the C++ string. 

With the string conversion routine in place, the Realty Listings program is ready 
.to use a Get File dialog box. The code modifications occur in the a r r ayM gr class, 
which is responsible for loading data from the text file. The new version of the l o ad 
member function can be found in Listing 17.3. 

The first addition to this function is the variables needed for the call to St an -
da rdGetFi 1 e. These include the rep 1 ySt ruct, a typel i st (although unused, it 
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Listing 17.2 Converting a Pascal string to a C++ string 

void convertPascalStr CStr63 Pascalstring, char * Cstring) 
I 

int 1 ength; 

length= Pascalstring[O]; II get length byte 
for (int i = O; i < length; i++) 

Cstring[i] = Pascalstring[i+l]; 
Cstring[i] = '\0'; II don't forget the terminating null 

must be present), and numTypes. The function must also include a string variable to 
hold the file name after it has been converted from the Pascal format (fi 1 eName). 

Once the variables have been declared, the function calls the ToolBox routine: 

StandardGetFile (nil, numTypes, typelist, &replyStruct); 

The next step is to figure out which button the user chose to dismiss the dialog box. 
The following logic checks the sf Good element: 

if (!replyStruct.sfGood) 

As you will remember from earlier discussion, if the value is FALSE, the user chose 
Cancel. In that case, the 1 o ad function returns without any further processing. 

Whens fGood is TRUE, the 1 oad function must then convert the Pascal file name 
into a C++ string by calling the function you saw in Listing 17.2: 

convertPascalStr CreplyStruct.sfFile.name, fileName); 

At that point, 1 oad can pass fi 1 eName when creating the i fstream object. The 
rest of the function remains unchanged from what you saw in Chapter 16. 

With this code in place, the first thing the user sees when the program runs is the 
dialog box in Figure 17 .2. If the user clicks the Cancel button, the program proceeds 
without opening a file, allowing the user to enter completely new data. If the user 
chooses a file, the program attempts to open it. 
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Listing 17.3 The arrayMgr class's load function, using the Get File 
dialog box 

int arrayMgr::load () 
I 

char yes_no, dummy; 
string25 itype; 
int count; 

II Data structures and variables for call to StandardGetFile 

StandardFileReply replyStruct; 
SFTypelist typelist; II we're going to allow all file types 
short numTypes = -1; II allow all types of files 
char fileName[64]; 

StandardGetFile (nil. numTypes. typelist, &replyStruct); 
if (!replyStruct.sfGood) 

return TRUE; II user cancelled but continue anyway 

convertPascalStr (replyStruct.sfFile.name, fileName); 
ifstream fin (fileName); 
if (!fin) 
I 

cout << "\nCouldn't open input file. Continue? "; 
cin » yes_no; 
if (toupper(yes_no) == 'N') 

return FALSE; 
else 

return TRUE; 

fin » count; 
fin.get (dummy); II skip over blank 
for (int i = O; i < count; i++) 
I 

fin.getline (itype,80,'\0'); I 
if (strcmp (itype,"house") = 0) 

listed[i] =new residential (fin, itype); 
else if Cstrcmp (itype,"farm") == 0) 

listed[i] =new agricultural (fin, itype); 
else 

listed[i] =new commercial (fin, itype); 
insert (listed[i]); 

I 
fin.close(); 
return TRUE; 
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Figure 17.2 The Get File dialog box produced by the code in Listing 17.3 
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Producing a Put File dialog box is even easier than generating a Get File dialog box. 
The St and a rd Put Fi 1 e dialog box has the following prototype: 

void StandardPutFile (Str255 prompt, Str255 defaultName, 
StandardFileReply *replyPtr); 

The prompt parameter is the text that appears above the box where the user enters a 
file name. As you might guess, defaul tName is the file name that appears high­
lighted in that box. Both of these parameters are Pascal strings (one length byte fol­
lowed by up to 255 characters.) 

In Listing 17 .4 you will find. the a r ray Mgr class's modified l o ad function. Notice 
first that the two string parameters are initialized as Pascal strings by placing the 
escape sequence \ p at the beginning of each string. The \ p isn't compiled as part of 
the string but instead is interpreted as requiring a length byte at the beginning of the 
string rather than a terminating null. 

The l o ad function calls St a n d a rd P u t Fi l e, producing a dialog box like that in 
Figure 17.3. The function then checks to see whether the user has clicked the Save or 
Cancel buttons (recorded in sf Good) and bases its decision whether to write the file 
on the user's choice. If the user has clicked Save, the function converts the name of 
the file to a C++ string, creates an of stream object, and then writes to the file. 
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Listing 17.4 The arrayMgr class unload function, using a Put File dialog box 

void arrayMgr::unload () 
( 

II \p tells the compiler to make a Pascal string 
Str255 prompt= "\pSave file as:"; 
Str255 default_name = "\pProperties"; 
II create a standard reply structure 
StandardFileReply replyStruct; 
char fileName[64J; 

StandardPutFile (prompt, default_name, &replyStruct); 
if (!replyStruct.sfGood) 

return; II user cancelled; don't save 

convertPascalStr (replyStruct.sfFile.name, fileName); 
ofstream fout (fileNamel; 
if ( ! fout) 
I 

cout << "\nCouldn't open output file."; 
return; 

fout « numb_properties « ' '; 
for (int i = O; i < numb_properties; i++) 

listed[iJ->write(fout); 

Figure 17.3 The Put File dialog box produced by the code in Listing 17.4 
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DISPLAYING ALERTS: WORKING WITH RESOURCES 

Alerts are the windows that appear to give you a warning that something you might 
not want is about to happen or that something unexpected has occurred. For exam­
ple, in most Macintosh programs an alert appears when you attempt to close a docu­
ment that has unsaved changes. The Realty Listings program can use alerts to inform 
a user that a search for properties has been unsuccessful. 

The modified Realty Listings program uses two alerts. The first (Figure 17.4) 
appears whenever a search by property ID is unsuccessful. The second (Figure 17.S) 
appears whenever a search by property type is unsuccessful. Notice that both alerts 
have a caution icon, some text that indicates the nature of the problem, and a button 
to dismiss the alert. 

Figure 17.4 An alert that indicates that a search by property ID has been 
unsuccessful 

~ That property isn't listed. 

[( OK )) 

Figure 17.5 An alert that indicates that a search by property type has been 
unsuccessful 

A\. We haue no properties of 
~that type. 

I~( !!!!!!OK~)) 

The only action a user can take with an alert is to click a button. Because an alert 
is relatively simple-it has no editable text fields, no scrolling lists, no check.boxes, no 
radio buttons--the ToolBox routine to create and manage an alert is also relatively 
simple. However, before a program can display an alert, it needs to know what text 
and what buttons should appear in the alert window. 
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Creating the Resources 

The data that a program uses to construct an alert are known as resources. Resources 
contain information such as the initial size of a window, its initial place on the screen, 
and its contents (for example, buttons, editable text boxes, scrolling lists of items, 
pop-up menus, radio buttons, and check.boxes). An alert is described by two types of 
resources: one that describes that boundaries of the alert window and one that 
describes its contents. Although there are several ways to create resources, many pro­
grammers use a program called ResEdit, a freeware utility from Apple that is shipped 
with most Macintosh development software (including Code Warrior). 

While resources are under development, they are typically stored in a separate file 
with a .rsrc extension. lf you add such a file to your CodeWarrior project, the C++ 
compiler will automatically use the resources in that file when compiling your pro­
gram. 

ResEdit lets you creates resources by drawing the look of a window, menu, or 
other element of the Macintosh user interface. To implement its alerts, the Realty 
Listings program needs two types of resources: ALRT for the alert windows and 
DlTL for the lists of items that are in the alert windows. Because there are two differ­
ent alert windows, the program needs to ALRT resources and a DITL resource for 
each. 

Resources of a given type are numbered. In Figure 17.6, for example, you can see 
that the two ALRTs are numbered 128 and 129. (You can also give resources names to 
make them easier to work with, but internally the Macintosh uses the numbers.) 

Figure 17.6 ALRT resources for the Realty Listings program 

~§ RLRTs from real~ n .rsrc §!ilj 
.!Q. Size Name 

126 12 .Q 
129 12 

tzy .. 
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To create an ALRT resource, you tell ResEdit that you want to create a new 
resource and then choose the type. ResEdit displays a dialog box that lets you draw 
the size and shape of the alert window; you can also set the alert's initial position on 
the screen by dragging it into position. In Figure 17.7 you can see the alert as it would 
appear on the Macintosh's start-up monitor (in this case, a 14" monitor). Because the 
alert in Figure 17.7 has a list of items, those items also appear, letting you see what 
your alert looks like. 

Figure 17.7 Drawing an alert 

RLRT ID = 128 from re alt n .rsrc 

Left: I 110 

Height: ._I e_o _ _. 

Width: 1262 

Color: @ Default 

0 Custom 

DITL ID: l._1_2_0_~ 

A DITL resource contains all the items that appear on the alert. (You're right; the 
caution icon isn't there. You'll see where it comes from in a bit.) As you can see in 
Figure 17.8, you choose the types of possible items from a list and then drag them 
into the window you created for the ALRT resource. 

When you've finished creating the resources, ResEdit gathers all resources of a sin­
gle type under one icon. For example, in Figure 17.9 you can see that there are two 
types of resources in this file. Double-clicking on any single type of resource brings 
up the list of individual resources that you saw in Figure 17 .6. This gives you easy 
access to your resources while your program is under development. 
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Figure 17.9 Completed resources for the Realty Listings program 
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If you want to learn more about ResEdit, pick up a copy of ResEdit Complete, by 
Peter Alley and Carolyn Strange (Addison-Wesley, 1991). 

Writing the Alert Management Code 
Once the resource file has been saved and added to the Realty Listings project, we 
can add code to the program that uses those resources. To make it easy to reference 
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the two alerts, the program first defines macros that assign names to the resource 
IDs: 

#define NotOne 128 
#define NotAny 129 

The Not 0 n e alert will be used whenever a search for a property ID fails; the Not Any 
alert will be used whenever a search for a type of property fails. 

There are three functions that produce alerts, one for each type of icon that might 
appear at the left of the alert window: 

int StopAlert (int alertID. ModalFilerPtr filerProc); 
int NoteAlert (int alertID, ModalFilerPtr filerProc); 
int CautionAlert (int alertID, ModalFilerPtr filerProc); 

The al er t I D parameter is the number by which the alert' s resource is known. The 
second parameter is a pointer to a procedure that can filter events generated by 
working with the alert. In most cases, you can just pass n i l for this parameter. The 
alert's return value is an integer that corresponds to the number of the button click 
by the user (relevant when there is more than one button in the window). 

To call an alert, you simply call the function that corresponds to the type of icon 
you want to see: 

itemHit = CautionAlert (NotOne, nil); 

The Macintosh takes care of displaying the alert, accepting user input (a click on a 
button), and returning the button chosen to the program. As you can see in Listing 
17.5 (the Realty Listing program's find function), the primary change this makes to 
the code is to replace the error message formerly generated with co u t with a call to 
Caution Ale rt. Because there is only one button in the alert, the program doesn't 
need to use the i temHi t return value. 

Where to Go from Here 

Now that you know the basics, where can you go to learn more about programming 
the Macintosh? First, if you're going to be working with the ToolBox, you should 
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Listing 17.5 Modified find function that displays alerts for unsuccessful 
searches 

void findProperty (arrayMgr *listings) 
{ 

int ID, how_many; 
string25 itype; 
property* whichPlace, * found[MAX_PROPERTIES]; 
int itemHit; // for alert 

cout << "Which type of property (house, farm, business)? "; 
gets Ci type l; 
if (strlenCitypel > Ol 
{ 

how_many = listings->find (found, itypel; 
if Chow_many > 0) 

else 

for (int i = O; i < how_many; i++l 
found[i]->display(); 

itemHit = CautionAlert CNotAny, nil); //display an alert 
return; 

cout << "Property ID#: "; 
cin » ID; 
whichPlace = listings->find CID>: 
if (whichPlace ~ 0) 
{ 

itemHit = CautionAlert CNotOne, nil); //display an alert 
return; 

I 
whichPlace->display(); 

355 

consider purchasing Inside Macintosh (at least those volumes that contain documenta­
tion of the ToolBox calls you'll be using). 

Tutorial material can be found in several books, including the following: 

• May ,John, and Judy Whittle. Programming Primer for the Macintosh. AP Profession­
al, 1995. 

• Mark, Dave, and Cartwright Reed. Macintosh C Programming Primer. Volume 1, 
second edition. Addison-Wesley, 1992. 

• Mark, Dave. Macintosh C Programming. Volume II. Addison-Wesley, 1990. 



Glossary 

Abstract base class: A base class from which no objects are created. 

Address: A number given to identify a byte in main memory. 

American Standard Code for Information Interchange: The binary code used to 
represent characters in most microcomputers. 

Array: A group of objects or data values stored under the same name and referenced 
by their position in the group. 

Array bounds checking: Checking the limits of an array to make sure that the array 
doesn't overflow. 

Array element: One member of an array. 

Array index: A number that represents the position of an element in an array. 

ASCII: The abbreviation for American Standard Code for Information Interchange. 

Assembly language: A programming language in which a two- to five-letter mnemon-
ic code is substituted for a binary instruction code. 
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Assignment operator: The operator used to assign a value to a variable(=). 

Base class: A class from which other classes are derived in an inheritance hierarchy. 

Binary: Base 2; the system used to represent everything in a computer, including pro-
gram instructions and data. 

Binary file: A file that contains an unformatted stream of bits that are not understand-
able by most humans. 

Binding: Creating a link between an object and the member functions of its class. 

Bit: One binary digit (O or 1). 

Bubble sort: A sorting method that works by comparing successive pairs of values in 
an array and swapping those pairs that aren't in the correct order. 

Byte: Eight bits. 

Call (a function): To issue a command to execute a function. 

Calling function: A function that places a call to another function. 

Class: Used by an object-oriented program, a description of an entity containing vari­
ables used to store data that describe objects created from the class and declara­
tions of the member functions that objects of the class know how to perform. 

Clear (a bit): To set the bit's value to 0. 

Comment statement: Text added to a source code file to document parts of the code. 

Compiler directive: A command that a compiler executes during compilation. 

Concatenation: Combining two strings to form a larger string by pasting one onto the 
end of the other. 

Conditional operator: An operator used to return one of two values based on a logical 
condition, as in a < b ? a : b, which returns a if a < b is true and b if a < b is false. 

Console: The default computer "terminal," or window, used by ANSI C++ for stream 
output. 

Constant: A value that doesn't change during the run of a program. 

Constructor: A member function that runs automatically when an object is created. 

Control condition: A logical expression used to determine when a loop should stop 
iterating. 
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Control variable: A variable whose value changes inside a loop to control when the 
loop will stop iterating. 

Cross-compiler: A compiler that generates machine language for a CPU other than 
the one on which the program is being written. 

Data structure: A program structure that organizes data. 

Debugger: A program used to help find logic errors in programs. 

Dereference (a pointer): To precede a pointer variable name with an* to obtain the 
contents of the location pointed to by the pointer variable. 

Derived class: A class that is created from another class in an inheritance hierarchy. 

Destructor: A member function that is executed automatically when an object is re-
moved from main memory. 

Dynamic binding: Binding functions to objects while a program is running. 

Element (of an array): One member of an array. 

Escape character: A character preceded by \ and used to format an output stream. 

Event: Anything that occurs in the Macintosh environment, such as moving the 
mouse pointer, pressing a key on the keyboard, making a choice from the menu 
bar, or inserting a floppy disk. 

Event queue: A waiting list of events that a program must handle. 

Event-driven: A program that bases its actions on the type of events that occur. 

Floating point unit (FPU): Circuitry designed to speed operations on floating point 
numbers. 

Force quit: The key combination Command-Option-Esc, which forces an executing 
program to terminate. 

Forward declaration: A statement that identifies a class to the compiler by name 
without defining the class. 

Formal parameters: Data passed into a function through the function's signature. 

Friend function: A function that has access to all the private elements of a class in 
which the friend isn't a member function. 

Function overloading: Defining two or more functions in the same class with the 
same name but different signatures. 
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Function prototype: A statement of a function's signature used to verify that function 
calls are made correctly. 

Function: A self-contained block of code that returns at most one value. 

G or Gb: Abbreviations for gigabyte. 

Gigabyte: Approximately one billion bytes; exactly 1,073,741,824 bytes. 

Header file: A file that contains data definition statements, including constants, class­
es, and function prototypes. 

Hexadecimal: Base 16. 

High-level language: An English-like programming language that is relatively porta­
ble among types of comptuers. 

Infinite loop: A loop that never stops. 

Information hiding: Keeping class variables and the details of member function exe­
cution private to a class, hidden from functions that use the class. 

Inheritance: A hierarchical relationship between classes in which classes lower in a hi­
erarchy inherit, or share, the variables and member functions of classes above 
them in the hierarchy. 

Instruction set: The instructions that a computer knows how to execute without 
translation. 

Iteration: Repeating groups of statements in a computer program. 

K: An abbreviation for kilobyte. 

Kilobyte: Approximately 1,000 bytes; exactly 1,024 bytes. 

Library: A collection of precompiled programs that can be called from an application 
program. 

Linked list: A chain of objects connected by pointers that indicate the object that 
comes next in the list 

Linking: Combining the parts of an application into a runable program. 

Local variable: A variable declared in a function that is accessible only within that 
function. 

Logical expression: An expression that produces a result of true or false. 

Logical operators: Operators used to formulate logical expressions. 
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Logicial OR: An operation that works on two bits. If either bit is 1, the result is 1; if 
both bits are O, the result is O. 

Loop: A block of code that is repeated in a program. 

Looping: Repeating actions in a program. 

Mb or Meg: Abbreviations for megabyte. 

Machine language: A computer language made up of the binary codes in a computer's 
instruction set. 

Macro: A small block of code that is copied into source code wherever its name ap­
pears during compilation. 

Manager: A group ofToolBox routines that supports one specific aspect of the Mac­
intosh envrionment. 

Manipulator: A function of the ios class, used to format a input or output stream. 

Mb: An abbreviation for megabyte. 

Megabyte: Approximately one million bytes; exactly 1,048,576 bytes. 

Member function: A function that is part of a class. 

Message: A command sent to an object to execute one of the object's member func­
tions. 

Method: A member function. 

Modulo division: An integer division operation that returns the remainder of the di­
vision. 

Object: An instance of a class. 

Object code: A program made up of the binary codes that form a computer's instruc­
tion set. 

One-dimensional array: An array made up of a single list of values. 

Package: A small, specialized group of ToolBox routines. 

Pass by reference: Passing a parameter by sending its address to a function. Changes 
to the parameter are made directly in main memory so that changes are available 
to the calling function. 

Pass by value: Passing a value into a function as an input value only. Changes made 
to the parameter in the function aren't returned to the calling function. 
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Persistent object: An object that can read itself from and write itself to a file. 

Pointer: The address at which some form of data storage begins in main memory. 

Pointer arithmetic: An operation that modifies the contents of a pointer variable. 

Pointer variable: A variable that is declared to hold a pointer to some specific type of 
data. 

Polymorphism: The ability of different classes to respond differently to the same mes­
sage. 

Postdecrement: To decrease the value in a variable by 1 after evaluating the rest of 
the expression. 

Postincrement: To increment the value in a variable by 1 after completing evaluation 
of the rest of the expression. 

Precedence of operations: The order in which arithmetic and logical operations are 
performed within an expression. 

Predecrement: To decrease the value in a variable by 1 before performing other oper­
ations in an expression. 

Preincrement: To increase the value in a variable by 1 before performing other oper­
ations in an expression. 

Project: A Code Warrior file that specifies all the object code files that should be linked 
to make an executable application. 

Pure function: In a base class, a function that has only a prototype but no implemen­
tation; a function whose prototype is followed by =O. 

Reference parameter: A parameter passed by sending its address to a function. 
Changes to the parameter are made directly in main memory so that changes are 
available to the calling function. 

Resource file: A file that contains definitions of portions of the Macintosh user inter­
face 

Resources: Data used to construct aspects of the Macintosh user interface, such as the 
contents of windows and menus. 

Scope (of a variable): The portion of a program in which a variable exists. 

Scope resolution operator: Two colons(::) used with a class name to indicate the class 
to which a function belongs. 
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Sequential search: A search of a group of items that begins at the first item and looks 
through all items, in order. 

Set (a bit): To give a bit the value of 1. 

Signature (of a function): A function's name and input parameters. 

Source code: The text of a program, created using a text editor and containing state­
ments in either assembly language or a high-level language. 

Static binding: Binding functions to objects during program compilation. 

Storage class (of a variable): An expression of how the variable should be stored in 
main memory (auto= destroyed when function ends; static= always resident; 
register = stored in CPU register). 

Stream extraction operator: An operator (> >) used to accept input from the key­
board. 

Stream insertion operator: The operator used to insert values into an output stream 
(<<). 

String: A collection of characters (a word or sentence) handled as a unit. 

Structure: AC and C++ data structure in which variables of different data types are 
grouped together under the same name. 

Structured programming: Program logic derived from three simple structures: se­
quence, selection, and iteration. 

Syntax eITor: An e1Tor detected by an assembler or compiler indicating a mistake in 
constructing language statements. 

Terabyte: Approximately one trillion bytes {1,099,511,627,776 bytes) 

Text file: A file containing readable characters that can be viewed with any word pro­
cessor or text editor. 

Trucate: To drop the fractional portion of a number. 

Two-dimensional array: An array that stores data in a grid made up of columns and 
rows. 

2's complement: The binary format used for storing integers. 

Unary operator: An operator that operates on only one value at a time. 

Value parameter: A value passed into a function as an input value only. Changes 
made to the parameter in the function aren't returned to the calling function. 
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Variable: A label for a main memory storage location used by a program. 

Virtual function: A function that can be redefined in a derived class through polymor­
phism. 
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Symbols 
! 116 
- 94-96, 98-99 
- - 99-100 
!= 114 
% 97 
& 198, 218 
&& 116-117 
* 94-96, 196, 199, 206 
+ 94-96, 98-99 
++ 99-100 

'87 
I 96-97 
/* 53-54 
I I 53-54 
< 114 
« 70-73 
<= 114 
= 56-57 
== 114 
-> 212 
> 114 
>= 114 
» 73 
? : 128-129 
[ ] 148 
\0 55, 169 
\n 72 

I l 64 
11 116-117 

A 
Absolute value 106 
Abstract base classes 318 
Access paths 26 
Addition 94-96 
Address (in main memory) 8 
Alerts 350-354 
American Standard Code for Information 

Interchange 9-10 
AND operator 116-117 
Arithmetic operators 93-100, 100-101 
Array index 149 
Arrays 

accessing 166-167 

Index 

as function parameters 154-159, 164-166 
assigning values to 150-151 
of base class pointers 320 
declaring 148-149, 162 
definition of 147 
initializing 150-154 
looping through 150 
of objects 159-162 
objects to manage 266-267 
one-dimensional 151-162 
overflowing 148 
of pointers 223 
referencing values in 149 
searching 278-283 
sorting 271-278 
of strings 182-189 
two-dimensional 162-167 
versus linked lists 311 

ASCII 9-10 
Assemblers 3 
Assembly language 2 
Assignment 150-151 
Assignment operator 56-57, 94, 100-101 
auto 61 
Automatic balancing 29 
Automatic indentation 31 

B 
Balancing (in source code files) 29 
Base 16 11-13 
Base2 5-7 
Base class pointers 320 
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Base classes 
abstract 318 
constructors 323-325 
declaring 316-318 
definition of 21, 314 
member functions 321-325 
pointers to objects of320-321 

Binary 2, 5-7, 11-13 
Binary files see Stream I/ 0 
Binary search 278-283 
Binding 77-78, 211-213 
Braces 64 
break 138 
Bubble sort 271-278 
Bytes 7 

c 
Calling (a function) 18 
Calling member functions 79 
case 124-126 
Caution A 1 ert 354 
cerr 70 
char 55 
Character data 9-10, 115 
Character variables 55, 57 
Choosing alternative actions 119-124, 124-

126, 128-129 
ci n 70, 73 
Classes 

base 314, 316-318 
declaring 64-66 

definition of 17 
derived 314, 318-320 
relationship to objects 17 

Classes see also Base classes 
Classes see also Derived classes 
Code Warrior 

adding files to a project 36-37 
button bar 27-28 

creating projects 33-35 
debugger 44-50 
editor 28-32 
launching 27 
message window 42-43 
opening source code files 35 
running a program 37-40 
SIOUX window 39-40 
syntax errors 42-43 

Color text 29, 31 
Commands 

Compi 1e28 
Make 28 
Run 28, 37-40 

Comment statements 53-54 
Compile command 28 
Compiler directives 25-27 
Compilers 3 
Concatenation 172-176 
Conditional operator 128-129 
Console 70 
Console error stream 70 
Console input stream 70 
Console output stream 70 
const 61-63 
Constants 61-63, 71 
Constructors 66-67, 323-325, 326-328 

definition of 18 
Control conditions 133-134 
Control variables 134 
Converting to upper case 116 
cout 70, 71-73, 94 
CPU7-8 
Cross-compilers 3 
ctype. h 116 

D 
Data structures 265 
Data structures see Arrays 
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Data structures see Linked lists 
Debugger 

definition of 44 
44 

entering 44-45 
exiting 50 
and RAM Doubler 44 
single-step program execution 45-47 
viewing variable contents 47-49 

define 61-63 
delete 212 
Derived classes 318-320 

constructors 326-328 
definition of21, 314 
member functions 329-331 

Division 96-97 
modulo 106 

double 54 
Dynamic binding 77-78, 211-213 

E 
Editor 28-32 
endl 73 
Equality operator 114 
Escape characters 72 

Event queue 338 
Event-driven 338 
Events 338 
Exponentiation 105 

F 
fabs 106 
Files see Stream I/ 0 
Fill characters 89 
fl oat 54 
Floating point division 96-97 
Floating point variables 54 
fmod 106 
Fonts (for text editor) 30 

for 141-143, 150 
Force quit 138 
Formal parameters see Parameters 24 
Forward declarations 

Classes 
forward declarations 224 

friend 249 
Friend functions 248, 254 
fstream.h 70, 81 
Functions 

Index 

arrays as parameters 154-159, 164-166 
binding 77-78 

G 

calling 18 
defintion of 17-18 
finding in source code files 32 
friend 248 
main24 
math 104-106 
overloading 19 
parameters 64 
prototypes 24-27 
pure 318 
retum63-64 
returning multiple values from 207-210 
signatures 19 
strings as parameters 179-182 
virtual 317-318 

get line 74 
gets 74 
Gigabytes 8 

Greater than operator 114 
Greater than or equal to operator 114 

H 
Header files 24-27, 70, 341 

used by current project 32 
Hexadecimal 11-13 
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High-level language 2 

I 
I/O see Stream I/O 
if/else 119-124 
i fstream 86 
include 25-27 
Indentation (in text editor) 31 
Infinite loops 138 
Information hiding 19 
Inheritance 

definition of 2~21, 313 
identifying uses of314-315 
"is a" relationship 314 
polymorphism 317 
types of 318 

Input/Output see Stream I/0 
Inside Macintosh 339 
Instruction set 2 
int 53 
Integer division 96-97 
Integer variables 53 
Interpreters 3 
i oma n i p. h 87 
i OS 81, 87 
i os flags 89-90 
i os t ream. h 70 
"is a" relationship 314 
Iterating 

nesting 134-137 
Iteration 

control conditions 133-134 
definition of 131 
exiting loops 138 
for 141-143 
inifinite loops 138 
while 133-141 

K 
Kilobytes 8 

L 
Less than operator 114 
Less than or equal to operator 114 
Libraries 4-5 

Library functions 104-106 
Linked lists 

accessing elements 295 
inserting elements into 292-294 
objects to manage 288-291 
operation of 286-287 
reading from a file 298 
searching 295-297 
traversing 295 
versus arrays 311 
writing to a file 297-298 

Linking4-5 
Logical expressions 

definition of 114 
formulating 114-119 
with character data 115 

Logical operators 
precedence 118-119 

long 53 

long double 54 
Looping 

M 

control conditions 133-134 
definition of 131 
exiting loops 138 
for 141-143 
infinite loops 138 
nesting 134-13 7 
while 133-141 

Machine language 2 
main 24 
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Main memory 7-8 
Make command 28 
Manipulators 87 
Math functions 104-106 
math. h 104 
Megabytes 8 
Member functions 

base class 321-325 
binding 77-78 
calling 18, 79 
constructors 66-67 
declaring 63-64 
definition of 17-18 
derived classes 329-331 
overloaded operators 252-254 
overloading 19, 247 
parameters 64 
pure 318 
return values 63-64 
returning private data 81 
signatures 19 
virtual 317-318 
writing 67-68 

Message window 42-43 
Messages 18 
Methods see Member functions 
Minus operator 98-99 
Modulo division 97, 106 
Multiplication 94-96 

N 
Nestingloopsl34-137 
new 211 
Not equal operator 114 
NoteA l ert 354 
Null 55, 169 
Numbering systems 5-7 
Numeric data 11, 96-97 

0 
Object code 2 
Object-oriented programming 

advantages of 16 
characterstics of 17-21 

Objects 
array managers 266-267 
arrays of 159-162 
creating 77-78 
definition of 17 
dynamic binding 211-213 
list managers 288-291 
persistent 220 
relationship to classes 17 

ofs t ream 84 
Open File dialog box 343-348 
operator 248 
Operator overloading 

declaring 248-252 
friend functions 254 
member functions 252-254 
using255 

Operators 
AND 116-117 
arithmetic 93-100, 100-101 
assignment 100-101 
conditional 128-129 
decrement 99-100 
equality 114 
greater than 114 
greater than or equal to 114 
increment 99-100 
less than 114 
less than or equal to 114 
logical 114-116 
not equal 114 
OR 116-117 
postdecrement 100 
postincrement 100 
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precedence of98, 101-103 
predecrement 99 
preincrement 99 
sign change 98-99 
stream extraction 73 
stream insertion 70-73 
unary98-99 
unary not 116, 119 
using overloaded 25 5 

OR operator 116-117 
Overloading 

p 

definition of 19 
member functions 247 
operators 248-252 
operators as friend functions 254 
operators as member functions 252-254 

Parameters 
arrays as 154-159, 164-166 
definition of 24 
1/0 streams 217-220 
pointers as 207-210 
strings as 179-182 

Pascal strings 345 
Pass by reference 64, 180, 207-210 
Pass by value 64 
Persistent objects 220 
Plus operator 98-99 
Pointers 

accessing data via 199-200 
action of 196 
arithmetic with 202-206 
arrays of223, 275-276 
arrays of base class 320 
as function parameters 207-210 
base class 320-321 
declaring 196-198 
definition of 8-9, 195 

dynamic binding 211-213 
initializing 196-198 
to 1/0 streams 217-220 
sorting arrays of 275-276 
this 226 
using to access data 199-200 
variables for 196 

Polymorphism 21, 317 
Postdecrement operator 100 
Postincrement operator 100 
pow 105 
Precedence 118-119 
Precedence of operations 98, 101-103 
Precision 88 
Precompiled headers 341 
Predecrement operator 99 
Preferences 

access paths 26 
automatic balancing 29 
automatic indentation 31 
color text 29, 31 
fonts 30 
project 38-39 

Preincrement operator 99 
private 65, 318 
Program libraries 4-5 
Projects 4-5 

adding files 36-37 
creating new 33-35 
opening source code files 35 
preferences 38-39 

protected 316 
Prototypes 24-27 
public 65, 318 
Pure functions 318 

R 
Raising to a power 105 
RAM7-8 
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RAM Doubler 44 

Reference parameters 64 
register 61 

Repeating actions 
control conditions 133-134 
exiting loops 138 
for 141-143 

inifinite loops 138 

nesting 134-137 
while 133-141 

ResEdit 351-353 

resetiosflags 90 
Resource files 351 
Resources 

creating 351-353 
definition of 351 
files for 351 

return 63-64, 181 
Run 28, 37-40 

Running a program 37-40 

s 
Save File dialog box 343-348 
Scope (of variables) 60-61 
Searching 295-297 

Selection 119-124, 124-126, 128-129 
set fi 11 89 

set i os flags 89-90 

s et p rec i s i on 88 
setw 89 
SIOUX window 39-40, 70 
SIOUX window see also Stream I/O 
Sorting 271-278 
Source code 

definition 3 
sqrt 105 

Square root 105 

Standard File Package 343-348 
StandardGetFile 345 

Standard Put File 348 

static61 

Static binding 77-78 
stdio.h74 
StopA l ert 354 

Storage classes 61 
strcat 172-176, 206 
strcmp 177-179 

strcpy 59, 172, 206 

Stream extraction operator 73 
Stream I/O 

adding new lines 72-73 
as function parameters 217-220 
binary files 

definition of 80 
definition 70 
formatting 87-90 
header files 70 
ios 81 

keyboard 73, 74, 79 
screen 71-73, 79, 88, 89 
text files 

definition of 80 
opening for input 86 
opening for output 84 
reading from 86, 298 
reading strings 191-192 

verifying operations of 129 
writing strings 190 
writing to 85, 297-298 

variables 72 
Stream insertion operator 70-73 
string. h 59 

Strings 
arrays of 182-189 

as function parameters 179-182 

comparing 177-179 
concatenating 172-176 

copying 59, 172 
declaring 55-56, 169-170 
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definition of 5 5 
initializing 58-59 
keyboard input for 74 
Pascal 345 
passing into functions 180 
reading from a text file 191-192 
referencing 170-171 
returning from functions 181-182 
terminating null 5 5 
writing to a text file 190 

strl en 205 
strncat 175 
Structured programming 16 
Subtraction 94-96 
switch 124-126 
Syntax errors 42-43 

definition 3 

T 
Terabytes 8 
Text files see Stream 1/0 
this 226 
ToolBox 

data structures for 340-341 
header files for 341 
initializing 342-343 
opening files 343-348 
organization of 339-340 
saving files 343-348 

toupper 116 
2's complement 11 
Typecasting 103-104 
typedef 60, 170 

u 
Unary minus operator 98-99 
Unary not operator 116, 119 
Unary plus operator 98-99 

v 
Value parameters 64 
Variables 

changing types of 103-104 
character 9-10, 55, 57 
constant 61--63 
control 134 
declaring 51-56 
defining types 60 
definition of 8, 51 
displaying the contents of72 
floating point 54 
initializing 56-59 
inserting into a stream 72 
integer 53 
names 52 
numeric 11 
pointer 196-206 
private 81 
scope of 60--61 
storage classes 61, 316 
string 55-56, 58-59 

Virtual functions 317-318 

w 
wai tNextEvent 338 
while 133-141 
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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 RISKAS 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 TIDS LICENSE, PROMPTLY RETURN 
THE lUNUSED 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 "Commercial 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. 



Become a CodeWarrior No\N! 

To order the full version of 
Metrowerks CodeWarrior, fill 
out and fax this order form. 

Fax: (419) 281-6883 
Voice: (800) 377-5416 (USA only) 

(419) 281-1802 (outside USA) 

For sales and site licensing 
information: 

Voice: (512) 305-0400 
Fax: (512) 305-0440 
Internet: sales@metrowerks.com 

Please print clearly 

Name 

Company or educational institution 

Address 

Address 

City State/Province ZIP/Postal code 

Telephone number Fax number 

E-mail address 

Code Warrior 
Qty Cost each Total 

CodeWarrior Gold $399.00 

CodeWarrlor Bronze $99.00 

CodeWarrior Academic $99.00 

Academic Lab Pack 10 $650.00 

Academic Lab Pack 25 $1450.00 

CodeWarrlor Magic/MPW $299.00 

Total 

Applicable tax(es), shipping & handling 

Total payment 

D VISA D Master Card D American Express 

I I I I I I I I I I I I I I I I I I I I I I 
Credit card number Expiry date 

(MM/YY) 

Cardholder's signature 



About the CD-ROM 

The CD-ROM that accompanies this book contains a fully-functional copy of 
CodeWarrior™ C++. It is, however, limited in a significant way: It will only compile 
and run the projects that are on the CD-ROM. You will therefore find two types of pro­
jects. The first type includes all the sample code from the book. You will be using those 
projects and their source code files for the book's programming challenges. 

The. second type of project are two "blank" projects. In other words, empty files have 
been added to the projects so that you can add your own code to those files. The first 
blank project is for use in the exercises in Chapter 3. The second is for you to use to cre­
ate your own programs from scratch. Because each blank project only has two source 
code files (one for the main program and one for the class functions), they are only suit­
able for very small programs that you can use to practice. 



WARNING: 
Seal may not be broken prior to purchase. 

If the seal on this pouch is broken, 
product cannot be returned. Please 

read the softwue licensing agreement before 
opening. 




