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Figure A-6 A world created with the sand template

Click the Add Objects button
to add objects to the world.

Figure A-7 Alice in scene editor mode
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Figure A-7 points out a navigation bar that indicates which gallery and collection is cur-
rently displayed. Below the navigation bar are thumbnail images for the collections in the 
gallery. To open a collection and see the object types it contains, you click the collection s 
thumbnail image. For example, one of the collections is named People. It contains various 
types of people objects, as shown in Figure A-8.

Figure A-8 Some of the object types in the People collection

One way to add an object to the world is to click the thumbnail for that object type. You 
will then see an information window for the object. For example, if you click the thumbnail 
for the Coach object type, you will see the information window shown, as shown in Figure 
A-9. Click the Add instance to world button to add an object of this type to the world. 

Figure A-9 Information window for the Coach object type

Another way to add an object to the world is to click and drag the thumbnail for the object 
type into the World View Window. When you release the mouse button (with the mouse 
pointer inside the World View Window) an object will be created.

After you add an object to a world, you should see a tile for the object in the Object Tree, 
as shown in Figure A-10. Each object in a world has a name, and the object s tile will show 
the name that Alice assigned to the object. You can rename the object by right-clicking its 
tile and then selecting rename on the menu that appears.
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Figure A-10 An object is added to the world

An object is added to the world.

A tile representing
the object is added
to the Object Tree.

Moving the Camera in the Alice Environment
The three camera controls shown in Figure A-11 appear just below the World View Win-
dow. You use these controls to move the camera around in the world and point it in dif-
ferent directions. The control on the left moves the camera up, down, left, and right. The 
control in the center moves the camera forward and backward, and rotates the camera left 
and right. The control on the right tilts the camera up and down.

Notice that each of the controls shows a set of arrows. You manipulate these controls by 
clicking and dragging the arrow that points in the direction that you want to move, rotate, 
or tilt the camera. You can make the camera move faster by dragging the mouse pointer 
away from the center of the camera control. The farther you drag the pointer away from the 
center of the camera control, the faster the camera will move.

Figure A-11 Camera controls

This control moves the
camera forward and backward,

and rotates it left and right.

This control moves
the camera up, down,

left, and right.

This control tilts
the camera up

and down.
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Selecting Objects
To work with an object in the Alice environment, often you  rst have to select the object. 
The following are the ways to select an object:

 Click its tile in the Object Tree
 Click the object in the World View Window

When you select an object, a box appears around it in the World View Window, as shown 
in Figure A-12. (On your screen the box will be yellow.) This bounding box indicates that 
the object is selected. Also, the object s tile in the Object Tree will appear highlighted, as 
shown in the  gure.

Figure A-12 The coach object is selected

Object Subparts

Objects are commonly made of other objects, which are referred to as subparts. When a 
plus sign appears next to an object tile in the Object Tree, it means that the object is made 
of subparts. For example, look at the Object Tree shown in Figure A-12 and notice that a 
plus sign appears next to the tile for the coach object. You can click the plus sign next to an 
object to expand the tree and see the tiles for the subparts. The plus sign then turns into a 
minus sign, which hides the inner objects when clicked. 

Figure A-13 shows the Object Tree expanded to reveal that the coach object is composed of 
numerous subparts. One of these subparts, the head, is selected. 

Properties
Each object in an Alice world has properties, which are values that specify the object s char-
acteristics. Once you have placed an object in an Alice world, you can adjust its properties 
until it has the characteristics you desire. To change an object s property you perform the 
following steps:

 Select the object
 In the Details Panel select the properties tab, as shown in Figure A-14
 Change the value of the desired property (to change a property s value, click the 

down-arrow that appears next to the property s value)
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Figure A-13 An object subpart selected

This subpart

is selected.

Figure A-14 Properties displayed in the Details Panel

Primitive Methods
A method is a set of instructions that causes some action to take place. In Alice all objects 

have a common set of built-in methods for performing basic actions. These methods, which 

are known as primitive methods, cause objects to move, turn, change size, and do other 

fundamental operations.

While you are creating an Alice world you can immediately execute an object s primitive 

methods by right-clicking the object in the World View Window or the object s tile in the 

Object Tree. Then you select methods from the menu that appears. Another menu appears 

showing a list of methods that you can immediately execute in the World View Window. 

Figure A-15 shows an example of these menus. Table A-1 describes each of the primitive 

methods shown on the menu.
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Figure A-15 Selecting a primitive method

Table A-1 Primitive methods

Method Name Description

move This method causes the object to move up, down, left, right, for-

ward, or backward. You specify the direction and distance that you 

want the object to move.

turn This method causes the object to turn toward the left, right, forward, 

or backward. You specify the amount you want the object to turn in 

revolutions.

roll This method causes the object to roll toward the left or the right. 

You specify the amount you want the object to roll in revolutions.

resize This method changes the object s size by a specified amount.

say This method causes a cartoon-like speech bubble containing a mes-

sage to be displayed, as if the object were saying the message.

think This method causes a cartoon-like thought bubble containing words 

to be displayed, as if the object were thinking the words.

play sound This method plays a sound. You can specify one of the sounds that 

Alice provides or you can import any MP3 or WAV file.

(continues)
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Table A-1 Primitive methods (continued)

Method Name Description

move to This method causes the object to move to another object. When the 

method completes, both objects  center points will be in the same 

location.

move toward This method causes the object to move in the direction of another 

object. You specify the distance to move in meters.

move away from This method causes the object to move away from another object. 

You specify the distance to move in meters.

orient to This method orients the object in the same direction as another spec-

ified object. When this method executes the object will turn so its 

up, right, and forward axes are aligned with the axes of the specified 

object.

turn to face This method causes the object to turn so it is facing another object.

point at This method is similar to the turn to face method, except the 

object will be tilted so its forward axis is aiming  at the specified 

object s center point.

set point of view to This method sets the object s point of view to that of another object. 

It is commonly used with the camera to move it to the location of 

another object, and give a view from that object s point of view.

set pose Alice allows you to position an object and its subparts in a certain 

way and then capture that as a pose. This method causes the object 

to assume a pose that was previously captured.

stand up This method makes the object stand up  by aligning the object s up 

axis with the world s up axis.

set color to This method sets the object s color property to a specified color, 

making the object appear in that color.

set opacity to This method sets the object s opacity property, which determines the 

object s transparency. You set this property to some value between 0 

percent and 100 percent, where 0 is completely invisible and 100 is 

completely opaque.

set vehicle to This method sets the object s vehicle property. The vehicle prop-

erty couples the object with another object. When the other object 

moves, this object moves with it.

set skin texture to This method sets the object s skin texture property. The 

skin texture property specifies a graphic image to be displayed on 

the object.

set fillingStyle to The fillingStyle property determines how the object is displayed. 

It has three settings: solid, wireframe, and points. The default set-

ting is solid, which causes the object to be displayed as a solid. 

When the fillingStyle property is set to wireframe, the object 

is displayed as a wire skeleton that you can see through. When the 

fillingStyle property is set to points, the object is displayed as a 

set of points.
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Most of the primitive methods require that you specify additional pieces of information. For 

example, the move method causes the object to move, and it requires that you specify two 

pieces of information: a direction and an amount. These pieces of information are known as 

arguments pieces of information that a method requires in order for it to execute. 

Deleting Objects
You can delete an object in an Alice world by performing any of the following operations:

 Right-click the object in the World View Window and then select delete from the 

menu that appears

 Right-click the object s tile in the Object Tree and then select delete from the menu 

that appears

 Click and drag the object s tile from the Object Tree to the trashcan

Modifying Objects in Scene Editor Mode
When you click the Add Objects button, which appears below the World View Window, 

Alice goes into scene editor mode, in which you can use the mouse to modify the objects 

in your Alice world. For example, you can use the mouse to move objects, resize objects, 

rotate objects, and copy objects. Figure A-16 shows the location of the mouse mode but-

tons, which determine the action that can be performed with the mouse.

Figure A-16 Location of the mouse mode buttons

Mouse mode

buttons
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Figure A-17 shows the purposes of the buttons. The following are brief descriptions of each:

Move Freely When this button is selected the mouse can be used to move an object 

freely in the world. Here are the actions that you can perform:

 To move an object horizontally within the world you simply click and drag it 

 To move an object straight up or down, you hold down the s  key while clicking 

and dragging the object 

 To rotate an object left or right, you hold down the  key while clicking and 

dragging the object

 To tumble an object (rotate it left, right, forward, backward, or any combination 

of these directions), you hold down the  and s  keys while clicking and drag-

ging the object

Move Up and Down When this button is selected you can move an object straight 

up or straight down by clicking and dragging the object.

Turn Left and Right When this button is selected you can rotate an object toward 

the left or the right by clicking and dragging the object.

Turn Forward and Backward When this button is selected you can rotate an object 

forward or backward by clicking and dragging the object.

Tumble When this button is selected you can tumble an object by clicking and drag-

ging the object. This means you can rotate the object right, left, forward, backward, 

or in any combination of these directions.

Resize When this button is selected you can make an object larger or smaller by 

clicking and dragging the object.

Copy When this button is selected you can make a copy of an object by clicking the 

object.

Figure A-17 The purposes of the mouse mode buttons

Move

freely

Turn left

and right Tumble

Copy

Turn forward

and backward

Move up

and down

Resize
When this is checked

you can modify an

object that is a subpart

of another object.
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Notice that just below the buttons a check box labeled affect subparts appears. By default, 

this is not checked. When it is not checked the modi  cations that you make to an object 

using the mouse mode buttons are applied to the entire object. However, if you check the 

affect subparts check box, the modi  cations are applied only to one of the object s sub-

parts.

Single View and Quad View Modes
When Alice is in scene editor mode, you can switch the display of the world between single 

view mode and quad view mode. So far we have been using single view mode, which is the 

default display mode. In single view mode you have one view of the world the World View 

Window. In quad view mode you have four views of the world: the World View Window, a 

view from the top, a view from the right, and a view from the front. Figure A-18 shows an 

example of these views and points out the quad view button, which you click to switch to 

quad view mode.

Figure A-18 Quad view

Click here to switch to quad view.

You can use the mouse to modify objects in any of the views. If you look carefully at the 

mouse mode buttons while in quad view mode, you ll notice that the Move Up and Down

button no longer appears because the right and front viewing windows support up and 

down movement. If you want to move an object up or down while in quad view mode, you 

simply select the Move Objects Freely button and then move the object up or down in either 

the right view or the front view.

You will also notice that two new buttons appear while in quad view mode: The Scroll

View  button and the Zoom  button . Often, when you switch to quad view mode 

the objects in the world will not be fully visible in all of the views. To remedy this you can 

use the Scroll View button to scroll the top, right, or front view. To use the button, follow 

these steps:
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 1. Select the Scroll View button; the mouse pointer changes into a hand tool

 2. Move the mouse pointer into the view you wish to scroll

 3. Click and drag the view in the direction you wish to scroll

The Zoom button allows you to zoom into or out of the top, right, and front views. To use 

it, follow these steps:

 1. Select the Zoom button; the mouse pointer changes into a zoom tool

 2. Move the mouse pointer into the desired view and position it over the point that you 

wish to zoom into or zoom out from

 3. Zoom by clicking and dragging; if you want to zoom in, drag down or to the right, if 

you want to zoom out, drag up or to the left

Writing Methods in Alice
Recall that a method is a set of instructions that causes some action to take place. If you 

want an action to take place when an Alice world is played, you have to write a method. 

Figure A-19 shows the location of the Method Editor in the Alice environment, where you 

write the methods that perform actions in an Alice world.

Figure A-19 The Method Editor

Method Editor

Method name

Notice that a world.my first method tab appears at the top of the Method Editor in Figure 

A-19. All methods have a name, and world.my first method is the name of the method 
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that is currently open in the editor. When you create a new world Alice automatically cre-

ates an empty method named world.my first method. By default, this method is auto-

matically executed when you play the world.

In Figure A-19 notice that a group of tiles appears at the bottom of the Method Editor. Each 

of these tiles is an instruction that you can place in the method. Table A-2 describes the 

instructions represented by these tiles.

Table A-2 Alice instructions

Instruction Description

Do in order You place other instructions inside a Do in order instruction. The 

instructions that you place inside a Do in order instruction are exe-

cuted in the order that they appear.

Do together You place other instructions inside a Do together instruction. The 

instructions that you place inside a Do together instruction are exe-

cuted simultaneously.

If/Else The If/Else instruction tests a condition, which is anything that gives a 

true or false value. If the value is true, then one set of instructions is exe-

cuted. If the value is false, then a different set of instructions is executed.

Loop The Loop instruction causes one or more other instructions to repeat a 

specific number of times.

While The While instruction causes one or more other instructions to repeat as 

long as a condition is true.

For all in order The For all in order instruction steps through the items in a list, one 

item at a time, performing the same operation on each item.

For all together The For all together instruction performs the same operation on all 

the items in a list simultaneously.

Wait The Wait instruction causes the method to pause for a specified number 

of seconds.

print The print instruction displays a message in a special area at the bottom 

of the World Running  window.

// The // tile allows you to insert a comment into a method.

In Alice you place instructions in a method by dragging tiles into the Method Editor. For 

example, if you want to place a Wait instruction in the method that you are currently writ-

ing, you simply click and drag the Wait tile into the Method Editor, as  shown in Figure 

A-20. When you drop the tile (by releasing the mouse button) the Wait instruction will be 

created in the method.

In addition to using the instructions that you see at the bottom of the Method Editor, 

you can also create instructions that execute an object s primitive methods. Once you have 

added an object to a world, you can see tiles for all of the methods that the object can per-

form by doing the following:
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 1. Select the object

 2. In the Details Panel select the methods tab to display a set of tiles representing the 

object s methods

Figure A-20 Dragging the Wait instruction into the Method Editor

For example, Figure A-21 shows an Alice world with an instance of the Hare class (which 

is in the Animals collection). The object, which is named hare, is selected. The methods tab 

is selected in the Details Panel, and a set of tiles for the hare object s primitive methods is 

displayed.

Figure A-21 Methods displayed in the Details Panel

Select the

methods tab.

These tiles represent

the methods that the

object can perform.

To create an instruction that executes a primitive method in the method that you are cur-

rently writing, simply drag the primitive method s tile and drop it into the Method Editor. 
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For example, Figure A-22 shows tile for the hare object s move method being dragged into 

the Method Editor. 

Most of the primitive methods require that you specify arguments. For example, when you 

drop the tile for the move method into the Method Editor, a pop-up menu appears allowing 

you to select a direction. The allowable directions are up, down, left, right, forward, and 

backward. After you select a direction, another menu appears allowing you to select an 

amount, which is the distance that the object moves. In Alice distances are always measured 

in meters. 

Figure A-23 shows an example of world.my first method after three instructions have 

been created. When the world containing this method is played, the hare object will move 

up 1 meter, then turn left 1 revolution, and then move down 1 meter.

Figure A-22 Dragging the hare.move method tile into the Method Editor

Figure A-23 Three instruction tiles

First, the hare moves up 1 meter.

Second, the hare turns left 1 revolution.

Third, the hare moves down 1 meter.
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Copying and Deleting Instructions
To make a copy of an instruction tile within the same method, you right-click the tile and 

then select make copy from the menu that appears. To copy an instruction so that you can 

paste it into a different method, you drag the instruction to the clipboard. Then you open 

the method that you want to paste the instruction into, and click and drag the clipboard 

icon to the location where you want to paste the instruction. To delete an instruction tile 

that you have created in the Method Editor, you drag the tile to the trashcan.

Creating Methods
When you  rst create an Alice world, a method named world.my first method is auto-

matically created in the world object. You are not limited to this one method in the world, 

however. Follow these steps to create a new method in the world:

 1. Select the world in the Object Tree.

 2. In the Details Panel, under the methods tab, click the create new method button, as 

shown in Figure A-24. 

 3. A dialog box will appear asking for the new method s name. Enter a name in the dia-

log box and click the OK button. A tile for the new method will appear in the Details 

Panel, above the create new method button. For example, the Details Panel in Figure 

A-25 shows three world-level methods.

 4. Create the instructions for the method in the Method Editor.

Figure A-24 The create new method button

Click here to create

a new method.

Figure A-25 An example of a world with three world-level methods

World-level methods
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Once you have created the new method, you can call it from other methods by dragging 

the new method s tile from the Details Panel into the Method Editor and dropping it at the 

point where you wish to call the method.

You can also create your own custom methods in the objects that you place in your world. 

In Alice the methods that are part of an object are referred to as class-level methods. If 

an object doesn t provide all of the methods that you need, you can easily add your own 

methods for that object. You write custom class-level methods in Alice by following these 

steps:

 1. Create the desired object.

 2. Select the object.

 3. In the Details Panel, under the methods tab, click the create new method button. 

 4. A dialog box will appear asking for the new method s name. Enter a name in the 

dialog box and click the OK button. A tile for the new method will appear in the 

Details Panel, above the create new method button.

 5. Create the instructions for the method in the Method Editor.

Once you have created the new method, you can call it from other methods in the usual 

way: by dragging the new method s tile into the Method Editor and dropping it at the point 

where you wish to call the method.

Renaming Methods
To rename a method, you simply right-click the method s tile and select Rename from the 

menu that appears. After you do this, you will be able to edit the name that appears on the 

method s tile directly.

Creating Variables and Parameters
A variable is a storage location that is represented by a name. Like traditional programming 

languages, Alice allows you to use variables to store data. The following variable categories 

are available in Alice:

Local Variables A local variable belongs to a specific method and can be used only 

in the instructions in that method. When a method stops executing, its local variables 

cease to exist in memory.

World-Level Variables A world-level variable belongs to the world object, and 

exists as long as the world is playing.

Class-Level Variables A class-level variable belongs to a specific object, and exists 

as long as the object exists. Class-level variables are like properties.

Parameter Variables A parameter variable is used to hold an argument that is passed 

to a method when the method is called. Once you create a parameter variable in a 

method, you must provide an argument for that parameter whenever you call the 

method.

Before you can use a variable, you have to create it. To create a local variable or a param-

eter variable in a method, you open the method in the Method Editor and then you click 
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the create new variable button or the create new parameter button. Figure A-26 shows the 

locations of these buttons.

Figure A-26 The create new variable button

Click here to create a new local variable.

Click here to create a new parameter variable.

When you click either of these buttons, a dialog box appears requiring you to enter more 

information about the variable. In the dialog box you enter the variable s name and select 

the variable s type and initial value. Figure A-27 shows the Create New Local Variable

dialog box, which appears when you click the create new variable button. When you click 

the create new parameter button, a dialog box that is virtually identical to the one in Figure 

A-27 is displayed. 

After you provide a name for the variable, select its type, specify its initial value, and click 

the OK button, a tile for the variable is created in the method.

Figure A-27 The Create New Local Variable dialog box

The variable s name

The variable s type

The variable s initial value

To create a world-level variable you perform the following steps:

 1. Select the world object in the Object Tree.

 2. In the Details Panel select the properties tab.
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 3. Click the create new variable button, which appears at the top of the properties tab, 

as shown in Figure A-28.

 4. Enter the variable s name, type, and initial value in the create new variable dialog box, 

which is similar to the one shown in Figure A-27. When you click the dialog box s OK

button, a tile for the variable will be created in the Details Panel, under the properties

tab.

Figure A-28 Creating a world-level variable

Click here to create a

new world-level variable.

Select the world object.

To create a class-level variable in an object you perform the following steps:

 1. Select the object in the Object Tree.

 2. In the Details Panel select the properties tab.

 3. Click the create new variable button, which appears at the top of the properties tab, 

as shown in Figure A-29.

 4. Enter the variable s name, type, and initial value in the create new variable dialog box, 

which is similar to the one shown in Figure A-27. When you click the dialog box s OK

button, a tile for the variable will be created in the Details Panel, under the properties

tab.

Figure A-29 Creating a class-level variable

Click here to create a

new class-level variable.

Select the object.
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Variable Assignment
When you create a variable, you give it an initial value. The initial value will remain in the 

variable until you store a different value in the variable. In an Alice method you can create 

set instructions that store different values in the variable. A set instruction simply sets  a 

variable to a new value. 

To create a set instruction for a variable, you drag the variable tile and drop it into the 

Method Editor at the point where you want the set instruction to occur. A menu appears, 

and you select set value. Another menu appears that allows you to specify the value you 

wish to store in the variable. As a result, a set instruction is created.

Events
An event is an action that takes place while a program is running. When Alice worlds are 

running, they are capable of detecting several different types of events. For example, an 

event occurs when the user clicks an object with the mouse. An event also occurs when the 

user types a key on the keyboard. Table A-3 describes all of the events that an Alice world 

can detect while it is running.

Table A-3 Events that Alice can detect

noitpircseD tnevE

When the world starts This event occurs immediately when the world is 

started. It happens only once, each time the world is 

played.

When a key is typed When the user types a key on the keyboard, this event 

occurs when the key is released.

When the mouse is clicked on something

This event occurs when the user clicks an object in 

the world with the mouse.

While something is true When a condition that you have specified becomes 

true, this event occurs as long as the condition 

remains true.

When a variable changes This event occurs when a variable s value changes.

Let the mouse move <objects> This event allows the user to move an object in the 

world by clicking and dragging it with the mouse.

Let the arrow keys move <subject> This event allows the user to move an object in the 

world by typing the arrow keys on the keyboard.

Let the mouse move the camera This event allows the user to move the camera 

through the world by clicking and dragging the 

mouse.

Let the mouse orient the camera This event allows the user to change the camera s 

orientation (the direction in which it is pointing) by 

clicking and dragging the mouse.
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When any of the events listed in Table A-3 occur, your Alice world can perform an action in 

response to that event, such as calling a method.

At the top right of the screen in the Alice environment, you see an area labeled Events,

as shown in Figure A-30. This area is called the Events Editor. When you create an Alice 

world, a tile appears in the Events Editor that reads as follows: 

When the world starts, do world.my first method

This tile speci  es that when the world starts, the method world.my first method will be 

executed. The left portion of the tile shows the name of an event, When the world starts,

and the right portion of the tile is a drop-down box that shows the name of the method that 

will be executed when the event occurs. You can click the down arrow on the drop-down 

box to select a different method. Any method that is selected in this tile will be automati-

cally executed when the world starts.

Figure A-30 The Events Editor

This specifies the

method that will execute

when the world starts.

Click here to create

a new event.

The process of responding to an event is commonly called handling the event. In order 

for an Alice world to handle an event, a tile for that event must appear in the Events Edi-

tor. When a world is  rst created, the only tile that appears in the Events Editor is for the 

When the world starts event. If you want the world to handle any other events, you must 

create a new tile for the event in the Events Editor. To create a new event tile, you click the 

create new event button, as shown in Figure A-30. A menu of available events will appear 

next. You select the event that you want to handle from this menu. A tile for the event will 

then be created in the Events Editor.

Most event tiles require that you specify additional arguments, such as the method that you 

want to execute in response to the event. A method that is executed in response to an event 

is commonly referred to as an event handler. For example, the event tile that is shown in 

Figure A-30 speci  es that when the world starts, world.my first method is called. The 

method world.my first method is the event handler.

Figure A-31 shows another example of an event tile. Assume that this tile appears in a world 

that has an object named fridge (a refrigerator object). The event tile speci  es that when 

the mouse is clicked on the fridge object s fridgeDoor subpart, the fridgeDoor will turn 

left 0.25 revolutions.
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Figure A-31 Example of an event tile
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Nonprintable ASCII Characters

 Dec Hex Oct Name of Character

 

0 0 0

 

NULL

 

1 1 1

 

SOTT

 

2 2 2

 

STX

 

3 3 3

 

ETY

 

4 4 4

 

EOT

 

5 5 5

 

ENQ

 

6 6 6

 

ACK

 

7 7 7

 

BELL

 

8 8 10

 

BKSPC

 

9 9 11

 

HZTAB

 

10 a 12

 

NEWLN

 

11 b 13

 

VTAB

 

12 c 14

 

FF

 

13 d 15

 

CR

 

14 e 16

 

SO

 

15 f 17

 

SI

 

16 10 20

 

DLE

 

17 11 21

 

DC1

 

18 12 22

 

DC2

 

19 13 23

 

DC3

 

20 14 24

 

DC4

 

21 15 25

 

NAK

 

22 16 26

 

SYN

 

23 17 27

 

ETB

 

24 18 30

 

CAN

 

25 19 31

 

EM

 

26 1a 32

 

SUB

 

27 1b 33

 

ESC

 

28 1c 34

 

FS

 

29 1d 35

 

GS

 

30 1e 36

 

RS

 

31 1f 37

 

US

 

127 7f 177

 

DEL

 

Printable ASCII Characters

Dec Hex Oct Character

 

32 20 40

 

(Space)

 

33 21 41

 

!

 

34 22 42

  

35 23 43

 

#

 

36 24 44

 

$

 

37 25 45

 

%

 

38 26 46

 

&

 

39 27 47

  

40 28 50

 

(

 

41 29 51

 

)

 

42 2a 52

 

*

 

43 2b 53

 

+

 

44 2c 54

 

,

 

45 2d 55

 

-

 

46 2e 56

 

.

 

47 2f 57

 

/

 

48 30 60

 

0

 

49 31 61

 

1

 

50 32 62

 

2

 

51 33 63

 

3

 

52 34 64

 

4

 

53 35 65

 

5

 

54 36 66

 

6

 

55 37 67

 

7

 

56 38 70

 

8

 

57 39 71

 

9

 

58 3a 72

 

:

 

59 3b 73

 

;

 

60 3c 74

 

<

 

61 3d 75

 

=

 

62 3e 76

 

>

 

63 3f 77

 

?

 

64 40 100

 

@

 

65 41 101

 

A

 

66 42 102

 

B

 

67 43 103

 

C

 

The ASCII Character Set

 

B
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Appendix B The ASCII Character Set

 

68 44 104

 

D

 

69 45 105

 

E

 

70 46 106

 

F

 

71 47 107

 

G

 

72 48 110

 

H

 

73 49 111

 

I

 

74 4a 112

 

J

 

75 4b 113

 

K
76 4c 114 L
77 4d 115 M
78 4e 116 N
79 4f 117 O
80 50 120 P
81 51 121 Q
82 52 122 R
83 53 123 S
84 54 124 T
85 55 125 U
86 56 126 V
87 57 127 W
88 58 130 X
89 59 131 Y
90 5a 132 Z
91 5b 133 [
92 5c 134 \
93 5d 135 ]
94 5e 136 ^
95 5f 137 _
96 60 140 `
97 61 141 a

Printable ASCII Characters

Dec Hex Oct Character

98 62 142 b
99 63 143 c

100 64 144 d
101 65 145 e
102 66 146 f
103 67 147 g
104 68 150 h
105 69 151 i
106 6a 152 j
107 6b 153 k
108 6c 154 l
109 6d 155 m
110 6e 156 n
111 6f 157 o
112 70 160 p
113 71 161 q
114 72 162 r
115 73 163 s
116 74 164 t
117 75 165 u
118 76 166 v
119 77 167 w
120 78 170 x
121 79 171 y
122 7a 172 z
123 7b 173 {
124 7c 174 |
125 7d 175 }
126 7e 176 ~

Printable ASCII Characters

Dec Hex Oct Character

Z02_GADD6253_07_SE_APP2  Page 1196  Thursday, January 13, 2011  3:46 PM

www.EBooksWorld.ir



 

1197

 

A
P

P
E

N
D

I
X

 

Operator Precedence 
and Associativity

 

The operators are shown in order of precedence, from highest to lowest.

 

Operator Associativity

 

::

 

unary: left to right

binary: right to left

 

()  []  ->  .

 

left to right

 

++   +  - ! ~ (type) * & sizeof

 

right to left

 

* / %

 

left to right

 

+  -

 

left to right

 

<< >>

 

left to right

 

< <= > >=

 

left to right

 

== !=

 

left to right

 

&

 

left to right

 

^

 

left to right

 

|

 

left to right

 

&&

 

left to right

 

||

 

left to right

 

?:

 

right to left

 

= +=  -= *= /= %= &= ^= |= <<= >>=

 

right to left

 

,

 

left to right

 

C
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C++ Quick Reference
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Index

 

-

 

 (negation operator), 60, 92 94

 

-

 

 (subtraction operator), 61, 92 94

 

--,

 

 227 232

 

-=,

 

 108 110

 

->

 

 (object pointer), 724

 

->

 

 (structure pointer), 618 622

 

!,

 

 182, 187 189, 560

 

!=,

 

 150 152

 

" ",

 

 30

 

#,

 

 30

 

%,

 

 61, 63, 66 67, 93, 94

 

%=,

 

 108 110

 

&

 

 (address operator), 491 493

 

&

 

 (bitwise AND), 

 

see

 

 Appendix J on 
the book s companion Web site

 

&

 

 (reference variables), 351

 

&&,

 

 182 185, 188 189

 

( ),

 

 30, 94, 201

 

*

 

 (indirection operator), 497 499

 

*

 

 (multiplication operator), 15, 61, 
63, 92 95

 

*

 

 (pointer variable declaration), 496, 
621 622

 

*=,

 

 108 110

 

.

 

 (dot operator), 598, 622, 718 719

 

/,

 

 61, 92 94

 

/* */,

 

 69 70

 

//,

 

 27, 30, 68 69

 

/=,

 

 108 110

 

::,

 

 716

 

;,

 

 15, 29, 30, 158, 258

 

?:,

 

 199 201

 

\\,

 

 35

 

\',

 

 35

 

\",

 

 35

 

\a,

 

 35

 

\b,

 

 35

 

\n,

 

 34 35

 

\r,

 

 35

 

\t,

 

 35

 

^,

 

 

 

see

 

 Appendix J on the book s 
companion Web site

 

{,

 

 29, 30, 164, 165, 236 237

 

|,

 

 

 

see

 

 Appendix J on the book s 
companion Web site

 

||,

 

 182, 185 186, 188 189

 

},

 

 30, 164, 165, 236 237

 

~

 

 (bitwise negation), 

 

see

 

 Appendix J 
on the book s companion 

Web site

 

~

 

 (destructor), 750

 

+,

 

 61, 62, 92 94, 579

 

++,

 

 227 232

 

+=,

 

 108 110, 579

 

<,

 

 150 152

 

<>,

 

 30

 

<<

 

 (bitwise left shift), 

 

see

 

 Appendix J on 
the books companion Web site

 

<<

 

 (stream insertion), 31 32, 270, 579

 

<=,

 

 150 152

 

=

 

 (assignment operator), 15, 38 39, 
58, 161 162, 237, 579

 

==,

 

 150 152, 161 162, 237

 

>,

 

 150 152

 

>=,

 

 150 152

 

>>

 

 (bitwise right shift), 

 

see

 

 Appendix J on 
the books companion Web site

 

>>

 

 (stream extraction), 86 87, 275, 
277, 280, 579

 

[ ]

 

 (array subscript operator), 428
430, 579

 

A

 

abs

 

 library function, 127
abstract array data type case study, 

770 774
abstract base classes, 921 925
abstract data type (ADT)

in STL, 983 984
and structures, 593 595

abstraction, 593
access speci ers

base class, 874 875
in class declarations, 712 713

accessors, 716 717
accumulator, 257 259
actual arguments, 313
actual parameters, 313

addition operator (+), 61, 62, 92 94, 
579

address, memory, 5, 396, 491
address operator (

 

&

 

), 491 493
ADT, 

 

see

 

 abstract data type
aggregation, 849 852

has-a  relationship, 851
in UML diagrams, 852 853

algebraic expressions, 94, 95
algorithm, 8

exhaustive, 1130 1132
factorial, 1106 1109
QuickSort, 1125 1129
search, 451 464, 480 485
sorting, 464 485
STL, 984 986, 990 996

Alice software, 1167 1193
adding objects, 1172 1175
camera controls, 1175
copying/deleting instructions, 1187
creating methods, 1187 1188
creating variables/parameters, 

1188 1190
creating world, 1172
deleting objects, 1180
downloading/installing, 1167
environment, 1169 1170
events, 1191 1193
modifying objects, in Scene Editor 

mode, 1180 1182
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Index

 

Alice software 

 

(continued)

 

playing world, 1171
primitive methods, 1177 1180
properties, 1176 1177
renaming methods, 1188
selecting objects, 1176
single view/quad view modes, 

1182 1183
variable assignment, 1191
Welcome to Alice! dialog box, 

1167 1169
writing methods, 1183 1186

ALU, 4

AND

 

&

 

 bitwise operator, 

 

see

 

 Appendix J on 
the books companion Web site

 

&&

 

 logical operator, 182 185, 
188 189

anonymous enumerated type, 
630 631

anonymous unions, 625 627

 

append

 

 member function, 

 

string

 

 
class, 582

application software, 6, 7

arguments, 95 96, 313 317
arrays as, 405 414, 419 421
command-line, 

 

see

 

 Appendix H on 
the books companion Web site

default, 347 350
passing, with pointers, 572 573
structures as, 612 615

arithmetic and logic unit (ALU), 4
arithmetic assignment operators, 108
arithmetic expressions, 91 98
arithmetic operators, 60 67
array subscript operator (

 

[ ]

 

), 
428 430, 579

arrays, 377 438, 451 485

accessing elements, 379 386
assigning one, to another, 

396 397
averaging values in, 398
binary search, 454 457
bounds checking, 386 388
bubble sort, 465 468
C-strings in, 550 552
comparing, 401 402
Demetris Leadership Center case 

study, 458 464, 472 480
described, 377 378
duplicating, 525 527

 

enum

 

 with, 631 633
as function arguments, 405 414, 

419 421
highest and lowest values, 398 399
initialization, 389 394, 418 419, 

608, 760
linear search, 451 454
linked lists vs., 1003 1004
memory requirements, 378 379

National Commerce Bank case 
study, 424 426

of objects, 759 761
parallel, 402 403
partially lled, 399 401
and pointers, 500 504
printing contents of, 397
processing contents of, 394 402
search algorithms, 451 464, 

480 485
selection sort, 469 472
sorting algorithms, 464 485
structure, 605 608
summing values in, 397 398, 

421 423
three or more dimensions, 423
two-dimensional, 416 423
and 

 

vectors,

 

 427 438, 
480 485

arrow operator (

 

->),

 

 618 619, 621, 
622, 724

ascending order, sorting in, 465

ASCII, 47, 195, 1195 1196

 

assign

 

 member function, string 
class, 582

assignment

combined, 107 110
memberwise, 812 813
multiple, 107

assignment operator (

 

=

 

), 15, 38 39, 
58, 161 162, 237, 579

assignment statement, 38 39, 58

associative containers, 427, 983, 984
associativity, 93 94, 150, 188 189, 

1197

 

at

 

 member function

 

string class, 582
vector, 437, 989

atof library function, 563, 564
atoi library function, 563, 564
atol library function, 563, 564
attributes, 706
averages

in arrays, 398
calculating, 97 98

B

back member function, list, 1035
bad member function, le stream, 662
bad_alloc exception, 965 966

base case, recursion, 1106
base class, 870

abstract, 921 925
multiple, 928 932

base class access speci cation, 
874 875, 882 883

base class functions, rede ning, 
896 901

base class pointers, 915 917
BASIC, 10

begin member function

iterator, 989
string class, 582
vector, 989

bidirectional iterators, 984
binary digit (bit), 5, see also Appendix 

J on the book s companion 
Web site

binary les, 267, 674 679
binary numbers, 8, see also Appendix J on 

the books companion Web site
binary operator, 60
binary search, 454 457

ef ciency, 457
recursive version, 1119 1121

binary trees, 1137 1163
applications of, 1139 1140
child nodes, 1137
creating, 1141 1142
deleting a node, 1148 1157
described, 1137 1138
inorder traversal, 1144 1147
inserting a node, 1142 1144
leaf nodes, 1137
NULL address, 1137
operations, 1140 1157
postorder traversal, 1144 1147
preorder traversal, 1144 1147
root node, 1137
search trees, 1139
searching for a value in, 1144 1147
subtrees, 1138
templates for, 1157 1163
traversing, 1144 1147
tree pointer, 1137

binary_search algorithm (STL), 
984, 990 991

binding, 909
dynamic, 909
static, 909

bit, 5, see also Appendix J on the 
book s companion Web site

bitwise operators, see Appendix J on the 
book s companion Web site

block scope, 212
blocks, of code, 164, 211 214, 236 237
blueprints, classes as, 709 710
body

of function, 303
of loop, 233

bool, 56
and ags, 181
returning, from a function, 

334 336
Boole, George, 56
Boolean expression, 56, 150
bounds checking, for arrays, 386 388
braces, 29, 30, 164, 165, 236 237
break statement, 204, 205, 285 286
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bubble sort, 465 468
buffer, keyboard, 89
byte, 5

C

C#, 10
C programming language, 9 11, 

105 106

C++ programming language, 10, 11, 
27 76

arithmetic operators, 60 67
bool data type, 56
char data type, 47 51
comments, 68 70
cout object, 31 36
oating-point data types, 53 56

identi ers, 41 42
#include directive, 36 37
initialization, 58 59
integer data types, 42 47
named constants, 70 72
parts of program, 27 31
programming style, 72 74
scope, 59 60
sizeof operator, 57
standard and prestandard, 74 76
string class, 51 52
variables and literals, 37 40, 

58 59
C-strings, 548 573

in arrays, 550 552
comparing, 558 561
concatenation, 553 556
copying, 554 556
described, 548 549
lenames as, 283

handling functions, 568 573
length of, 552 553
library functions, 552 562
and null terminators, 548 549
numeric conversion functions, 

563 568
searching within, 556 558
and string literals, 549 550

calling a function, 95, 304 309, 
328 331

capacity member function

string class, 582
vector, 437, 989

capitalization, of variable names, 42
case conversion, character, 545 547
case statement, 203 204

case study
abstract array data type, 770 774
Demetris Leadership Center, 

458 464, 472 480
dollarFormat function, 

584 585
General Crates, Inc., 132 136
Home Software Company, 

584 585, 763 770

National Commerce Bank, 
424 426

United Cause, 529 534
catch block, 949
catch key word, 949
CD, 6

central processing unit (CPU), 3, 4
char, 47 51
character case conversion, 545 547

tolower function, 545
toupper function, 545

character literals, 48 51
character testing, 541 545

isalnum function, 542
isalpha function, 542
isdigit function, 542
islower function, 542
isprint function, 542
ispunct function, 542
isspace function, 542
isupper function, 542

characters, 541 547
character literals, 48 51
comparing, 195 196
converting cases, 545 547
inputting, 122
and string objects, 120 126
whitespace, 120 121

cin, 18, 85 89
entering multiple values, 87 89
get member function, 123 124
getline member function, 

121 122, 551, 566 567
ignore member function, 

125 126, 566
inputting characters, 122
inputting characters with, 

120 121
keyboard buffer, 89
width member function, see 

Appendix L on the book s 
companion Web site

circularly linked list, 1034
class implementation le, 730
class speci cation le, 729
class templates, 973 982

de ning objects of, 977 979
and inheritance, 979 982
linked list, 1028 1033
type parameter, 974

classes, 705 785, 799 857, 869 932
and abstract array data types, 

770 774
abstract base, 921 925
access speci ers, 712 713
accessors, 716 717, 740 741
aggregation, 849 853
arguments to constructors, 

742 750
arrays of class objects, 759 761

base, 870
as blueprint, 709 710
collaborations, 853 857
const member functions, 714, 

717
constructor overloading, 754 757
constructors, 738 750, 884 895
conversion of class objects, 

846 848
copy constructor, 813 818
and data hiding, 717
declaration statements, 712, see 

also Appendix K on the 
book s companion Web site

default constructor, 742, 749 751

de ning class objects, 717 727

derived, 870 871

described, 712

destructors, 750 753, 884 885

dot operator (.), 718 719

dynamically allocated objects, 

724 727

nding, 777 785

forward declaration, 809
friend functions, 807 811
getter function, 716

has-a  relationship, 851
hierarchies of, 901 907
Home Software Company case 

study, 763 770
implementation le, 730
include guard, 730 731
inheritance, 869 877, 928 932
inline member functions, 735 737
instance and static members, 

799 807
is-a  relationship, 870 877, 918

member functions, de ning, 
715 716

memberwise assignment, 812 813
multiple inheritance, 928 932
mutators, 716
objects vs., 708 710
operator overloading, 819 846
overloading member functions, 

751
placement of public and private 

members, 714 715
pointers, 724 727
polymorphism, 907 921
private member functions, 

758 759
private members, 713 714, 

728 729
problem domain, 778
and procedural/object-oriented 

programming, 705 711
protected members and class 

access, 878 884
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classes (continued)
public member functions, 713 714
public members, 713 714
rede ning base class functions, 

896 901
responsibilities of, 777 785
scope resolution operator (::), 716
setter function, 716
speci cation and implementation, 

729 735
stale data, avoiding, 724
templates, 973 984
this pointer, 823 824
and UML, 774 777
virtual functions, 909 913
whole-part relationship, 851

clear member function
le stream objects, 662
string class, 582
vector, 434 435, 437, 990

close member function, le stream 
objects, 270

closing a le, 269 270
cmath header le, 96, 127

COBOL, 10
code reuse, 302
coercion, 101
collaborations, class, 853 857

columns, of arrays, 416, 417, 422 423
combined assignment operators, 

107 110
coming into scope, 213

command-line arguments, see 
Appendix H on the book s 
companion Web site

comments, 27, 68 70
//, 68 69
/* */, 69 70
multi-line, 69 70
single line, 68 69

compact disc (CD), 6

compare member function, string 
class, 583

compiler, 11, 12, 652
compound operators, 108
computer games, 265
concatenation, 126, 553 556
conditional expressions, 199 201
conditional loops, 247
conditional operator, 199 201
conditionally-executed code, 

155 156, 162 165, 233
conditions, testing, 173 175
console, 31, 86
console output, 31
const, 513 515, 517

as array parameter, 410
copy constructors, 816 818
member functions, 714, 717

constant pointers, 516 517
constant reference parameters, 633

constants
global, 340 342
named, 70 72
pointers to, 513 515, 517
constructors, 738 750
arguments passed to, 742 750
in base and derived classes, 

884 895
copy, 813 818
default, 742, 749 751
default arguments with, 748 749
overloading, 754 757

containers, 983
associative, 427, 983, 984
sequence, 427, 983
STL, 427

continue statement, 286 288

control unit, 4
conversion

data type, 100 101
object, 846 848
string/numeric, 563 568
by type casting, 103 106

cookies, 265
copy constructors, 813 818

const parameters in, 816 818
default, 818
and function parameters, 818

copy member function, string 

class, 583
cos library function, 127
count algorithm (STL), 985, 

992 993
count-controlled loops, 247, 255 256
counters, 241 242
cout, 18, 29, 31 36

fixed manipulator with, 
116 118

left manipulator with, 118 119
precision member function, see 

Appendix L on the book s 
companion Web site

right manipulator with, 118 119
setf member function, see 

Appendix L on the book s 
companion Web site

setprecision manipulator 
with, 114 116, 119

setw manipulator with, 112 113, 
119

showpoint manipulator with, 
118, 119

unsetf member function, see 
Appendix L on the book s 
companion Web site

width member function, see 
Appendix L on the book s 
companion Web site

CPU, 3, 4
CRC cards, 856 857
cstdlib header le, 129, 361, 563

cstring header le, 552
ctime header le, 129

D

data hiding, 706 707, 717
data types, 42 57

abstract, 593 595
bool, 56
char, 47 51
coercion, 101
conversion, 100 101, 103 106
demotion, 101
double, 53 55
enumerated, 627 637
float, 53 56
oating-point, 53 56

generic, 967
int, 43 44
integer, 42 46
long, 43 44
long double, 53 54
numeric, 42 43
primitive, 594
promotion, 101
ranking, 100 101
short, 43 44
size of, determining, 57
type casting, 103 106
unsigned int, 43 44
unsigned long, 43 44
unsigned short, 43 44

database management systems, 651

debugging
desk-checking, 21
hand-tracing, 130 132
stubs and drivers, 363 365

decimal point, digits displayed after, 
114 118

decision making, 149 214

blocks and scope, 211 214
checking numeric ranges, 189
comparing characters and strings, 

195 198
conditional execution, 162 165
conditional operator, 199 201
ags, 181 182
if/else if statements, 

176 180
if/else statements, 166 168
if statements, 154 165
logical operators, 182 189
menus, 190 193
nested if statements, 169 175
relational operators, 149 153
switch statement, 202 209
validating user input, 193 194

decision structure, 154
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declaration, 17
decode, 4
decrement operator (--), 227 232

in mathematical expressions, 231
post x and pre x modes, 228 231
in relational expressions, 231 232

default arguments, 347 350, 748 749
default constructors, 742, 749 751
default copy constructor, 818
default statement, 203 204
#define directive, 75 76, 731
de nitions, variable, 17, 37 38, 59, 

211 213
delete operator, 520
Demetris Leadership Center case 

study, 458 464, 472 480
demotion, data type, 101
depth of recursion, 1103
deque (STL type), 983, 1093 1094

front member function, 1093
pop_front member function, 

1093
push_back member function, 

1093
dequeue operation, 1073 1076
dereferencing, of pointers, 497
derived class, 870
descending order, sorting in, 465
designing programs, 18 22
desk-checking, 21
destructors, 750 753

base and derived classes, in, 
884 895

virtual, 918 921
digital versatile disc (DVD), 6
digits, after decimal point, 114 118
direct access les, 267
direct recursion, 1112
directive, preprocessor, 28, 36
disk drive, 5 6
divide and conquer approach, 

301 302
division

integer, 61, 63, 66 67, 101
remainder of, 61
by zero, 167, 947 948

division operator (/), 61, 92 94
do-while loop, 242 246, 262

with menus, 244 246
as posttest loop, 242 244

dollarFormat function case study, 
584 585

dot operator (.), 598, 622, 718 719
double, 53 55
double precision, 53 54
doubly linked list, 1034
drivers, 363 365
dummy parameter, 832
DVD, 6

dynamic binding, 909
dynamic memory allocation, 518 522

bad_alloc exception, 965 966
objects, 724 727, 742, 753
for structures, 620 621

dynamic queues, 1073, 1085 1092
dynamic stacks, 1044, 1060 1070

E

E notation, 53, 54
EBCDIC, 47
editor, text, 11 12

ef ciency
binary search, 457
linear search, 454

elements (array)
accessing, 379 386
described, 378
processing, 394 402
removing, from vectors, 

433 434
elements (language), 13 15
else

in if/else statement, 167
trailing, 177 179

empty member function
list, 1035
string class, 583
vector, 435 437, 990

encapsulation, 706
end member function

iterator, 989
list, 1035
string class, 583
vector, 990

end of a le, detecting, 279 281
end-of- le marker, 654
#endif directive, 730 731
endl, 33
enqueue operation, 1073 1076
enum, 627 637

anonymous, 630 631
with arrays, 631 633
assigning, to int variables, 629
assigning integers to enum 

variables, 628 629
comparing enumerators, 629 630
declaration and de nition, 637
de ning, 628 629
math operators with, 631
outputting values with, 633 635
and scope, 636
specifying values, 635 636

enumerated data types, 627 637, see 

also enum
enumerators, 628 630, 636
eof member function, le stream, 662
equal-to operator (==), 150 152, 

161 162, 237
erase member function

list, 1035
string class, 583
vector, 990

error testing, les, 281 283, 662 664
errors

le open, 281 283
logical, 21
off-by-one, 388
recovering from, 958 960
syntax, 11
and trailing else, 178 179

escape sequences, 34 36
\\, 35
\', 35
\", 35
\a, 35
\b, 35
\n, 34 35
\r, 35
\t, 35
newline, 34

exceptions, 519, 947 966

bad_alloc, 965 966
catch block, 949
dynamic memory allocation, 519
exceptions handler, 948
extracting data from, 960 964
handling, 949 951
memory allocation error, 965 966
multiple, handling, 954 958
new operator, 519
not catching, 951
object-oriented handling, 951 954
recovering from errors, 958 960
rethrowing, 964 965
throw key word, 948
throw point, 948
throwing, 948
try block, 949
try/catch construct, 949 951
unwinding the stack, 964

exception handler, 948
exclusive OR, bitwise, see Appendix J on 

the book s companion Web site
executable code, 11 12
executable le, 11
execute, 4
exhaustive algorithms, 1130 1132
exit() library function, 360 362
exit code, 361
EXIT_FAILURE constant, 361
EXIT_SUCCESS constant, 361

exp library function, 127
exponents, 95 97
expressions, 85 136, 91

algebraic, 94, 95
arithmetic, 91 98
Boolean, 56, 150
C-style and prestandard C++ 

forms, 105 106
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expressions (continued)

characters and string objects, 
120 126

cin object, 85 89
conditional, 199 201
formatting output, 111 119
and hand tracing programs, 

130 136
initialization, 248, 252 256
mathematical, 91 98, 231
and mathematical library 

functions, 127 130
multiple and combined 

assignment, 107 110
over ow and under ow, 

102 103
relational, 150, 231 232
test, 248
type casting, 103 105
type conversion, 100 101
update, 248, 252 256
of while loop, 233

F

factorial algorithm, 1106 1109
fail member function, le stream, 

662

fallthrough capability, of switch 
statement, 205 207

false values, 150, 152 153, 160 161
fetch, 4
fetch/decode/execute cycle, 4
Fibonacci numbers, 1114 1116
eld, bit, see Appendix J on the book s 

companion Web site
eld width, 112

FIFO ( rst-in rst out), 1073
le access ags, 653
ios::app, 653
ios::ate, 653
ios::badbit, 662
ios::binary, 653
ios::eofbit, 662
ios::failbit, 662
ios::goodbit, 662
ios::hardfail, 662
ios::in, 653
ios::out, 653
ios::trunc, 653

le buffer, 269
le open errors, 281 283
le operations, 651 695

append mode, 653
binary les, 674 679
described, 651 652
end-of- le marker, 654
fstream data type, 652 656
member functions for reading and 

writing, 665 671
open modes of ifstream and 

ofstream, 656

opening les for input and output, 
691 695

opening les with de nition 
statements, 657

opening multiple les, 672 674
random-access les, 683 691
reading a character, 669 670
reading a line, 666
records with structures, 679 683
rewinding, 690 691
writing a character, 670 671

le stream objects, 268
closing, 269 270
creating, 268 269
member functions, 665 671, see 

also Appendix L on the 
book s companion Web site

passing to functions, 660 661
lename extensions, 267 268
lenames

and le stream objects, 267 268
user-speci ed, 283 284

les, see also speci c types

closing, 269 270
for data storage, 265 274
detecting end of, 279 281

le open errors, 281 283
input/output program, 268
opening, and creating le objects, 

268 269
processing, with loops, 278 281
read position, 275 276
reading from, 265 268, 275 278, 

384 385
user-speci ed lenames, 283 284
writing from, 385 386
writing to, 265, 266, 270 274

fill member function, 262
lters, 672
find algorithm (STL), 985, 994 995
find member function, string 

class, 583
nding classes, 777 785
rst-in rst out (FIFO), 1073
fixed manipulator, 116 118, 658
xed-point notation, 116 117
ags, 181 182
ash memory, 6
float, 53 56

oating-point data types, 53 56
comparing, 159 160
and integer variables, 55 56

oating-point literals, 54
oating-point notation, 114 116, 118

oppy disk drive, 6
owcharts, 20, see also Appendix D on 

the book s companion Web site
fmod library function, 127
for loops, 247 256, 262

and arrays, 382

initialization expression, 248, 
252 256

omitting expressions of, 254 256
as pretest loop, 251
test expression, 248
update expression, 248, 252 256
user-controlled, 252 253
while and do-while vs., 

250 251
for_each algorithm (STL), 985, 

995 996
formal arguments, 313
formatting output, 111 119, 658 659
FORTRAN, 10
forward declaration, 809
forward iterators, 984
friend class, 811
friend functions, 807 811
friend key word, 807
front member function

deque, 1093
list, 1035
vector, 990

fstream header le, 268
fstream objects, 653
function arguments, 95 96

le stream objects as, 660 661
structures as, 612 615

function call statements, 304
function declarations, 311
function header, 303
function parameters

pointers as, 509 517
reference variables as, 350 354

function prototypes, 311 312
function signature, 357
function templates, 966 973

with multiple types, 970 971
overloading with, 971 972
using operators in, 970

functions, 29, 301 365

bool value, returning, 334 336
calling, 95, 304 309, 328 331
default arguments, 347 350, 748
de ning, 303 304
exit(), 360 362
friend, 807 811
generic, 966
inline, 735 737
local and global variables, 327, 

336 346
main, 29, 304
member, 706
modular programming, 301 302
overloading, 356 360
overriding, 918
passing, by reference, 509
passing data by value, 318 319
pointers, returning, 522 527
pure virtual, 921 925
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recursive, 1101 1105
rede ning base class, 896 901
reference variables as parameters, 

350 354
return statement, 324 325, 327
sending data into, 313 317
static local variables, 344 346
static member, 804 807
string handling, 568 573
structures, returning, 615 617
stubs and drivers, 363 365
value-returning, 326 336
virtual, 909 913, 921 925
void, 303 304

G

g++ command, 11
games, computer, 265
GCD (greatest common divisor), 

1113 1114
General Crates, Inc. case study, 

132 136
generalization, inheritance and, 

869 870
generic data types, 967
generic functions, 966
get member function

cin, 123 124
le streams, 669 670

getline member function
cin, 121 122, 551, 566 567
le streams, 666 669

getter functions, 716
global constants, 340 342
global variables, 338 340, 343, see 

also Appendix K on the 
book s companion Web site

good member function, le stream, 
662

greater-than operator (>), 150 152
greater-than or equal-to operator 

(>=), 150 152
greatest common divisor (GCD), 

1113 1114

H

hand-tracing, 130 132
handler, exception, 948
Hanoi, Towers of, 1122 1125

hardware, 3 6
CPU, 3, 4
input devices, 3, 6
main memory, 3, 5
output devices, 3, 6
secondary storage, 3, 5 6

has-a  relationship, 851
header

function, 303
loop, 233, 248

header le, 28, see also Appendix I on 
the book s companion Web site

cmath, 96, 127
cstdlib, 129, 361, 563
cstring, 552
ctime, 129
fstream, 268
iomanip, 118
iostream, 28, 36 37
prestandard style, 74
string, 51, 574

hexadecimal literals, 46
hiding data, 706 707, 717
hierarchies, class, 901 907
hierarchy chart, 20
high-level languages, 9
Hoare, C.A.R., 1125
Home Software Company case study, 

584 585, 763 770

I

IDE, 12
identi ers, 41 42

capitalization, 42
legal, 42

if/else if statement, 176 180
nested decision structures vs., 

179 180
trailing else, 177 179

if/else statement, 166 168
if statement, 154 165

conditionally-executed code, 
155 156, 162 165

expanding, 162 165
oating-point comparisons, 

159 160
nested, 169 175, 179 180
programming style, 159
semicolon in, 158

#ifndef directive, 730 731
ifstream objects, 268, 656

>> with, 275
close member function, 270
open member function, 269

ignore member function, cin, 
125 126, 566

image editors, 265
implementation le, class, 730
implicit sizing, of arrays, 393 394
#include directive, 28, 36 37, 730
include le directory, 733
include guard, 730 731
increment operator (++), 227 232

in mathematical expressions, 231
post x and pre x modes, 228 231
in relational expressions, 231 232

indentation, 72 73, 159, 237
indirect recursion, 1112
indirection operator (*), 497 499

in nite loop, 236
inheritance, 869 877

base class, 870

class hierarchies, 901 907
and class templates, 977 979
constructors and destructors, 

884 895
derived class, 870 871

is-a  relationship, 870 877
multiple, 928 932
rede ning functions, 896 901

initialization, 59
array, 389 394, 418 419, 608, 

760
partial array, 392 393
pointers, 506
structure, 602 604
structure array, 608
variable, 59
vector, 428

initialization expression, for loop, 
248, 252 256

initialization list, 390
inline expansion, 737
inline member functions, 735 737
inorder traversal, binary trees, 

1144 1147
input, 17 18

array contents, 381 384
with cin, 85 89
reading, into string objects, 576

input devices, 6
input les, 266
input iterators, 984
input validation

and decision making, 193 194
and while loop, 239 241

input output stream library, 36
insert member function

list, 1035
string class, 583
vector, 990

instances
of classes, 717 727
of structures, 598
of variables, 799 801

instantiation, 717
int, 43 44, 629
integer data types, 42 46
integer division, 61, 63, 66 67, 101
integer literals, 45 46
IntegerList class, 770 774
integrated development environment 

(IDE), 12
iomanip header le, 118
ios::app access ag, 653
ios::ate access ag, 653

ios::badbit status ag, 662
ios::binary access ag, 653, 675
ios::eofbit status ag, 662
ios::failbit status ag, 662

ios::goodbit status ag, 662
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ios::hardfail status ag, 662
ios::in access ag, 653
ios::out access ag, 653

iostream header le, 28, 36 37
ios::trunc access ag, 653
is-a  relationship, 870 877, 918
isalnum library function, 542
isalpha library function, 542
isdigit library function, 542
islower library function, 542
isprint library function, 542
ispunct library function, 542
isspace library function, 542
isupper library function, 542
iteration, loop, 234
iterators, 983

[ ] operator, 987 989
begin member function, 989
end member function, 989

itoa library function, 563 565

J

Java, 10
JavaScript, 10

K

key words, 14 15, 41 42
keyboard buffer, 89
keyboard input, with cin, 85 89

L

language elements, 13 15
last-in- rst-out (LIFO), 1043
leaving scope, 213

left manipulator, 118 119
legacy code, 550
length, of C-strings, 552 553
length member function, string 

class, 580 581, 583
less-than operator (<), 150 152
less-than or equal-to operator (<=), 

150 152
library, runtime, 11
library functions, 95, see also 

Appendix I on the book s 
companion Web site

abs, 127
atof, 563, 564
atoi, 563, 564
atol, 563, 564
for C-strings, 552 562
cos, 127
exit, 360 361
exp, 127
fmod, 127
isalnum, 542
isalpha, 542
isdigit, 542
islower, 542
isprint, 542
ispunct, 542
isspace, 542
isupper, 542

itoa, 563 565
log, 127
log10, 127
mathematical, 127 130
pow, 95 97, 128
rand, 129 130
sin, 127
sqrt, 127 128
srand, 129
strcat, 553 556, 561
strcmp, 558 562
strcpy, 554 556, 562
strlen, 552 553, 561
strncat, 562
strncpy, 562
strstr, 556 558, 562
tan, 127
time, 129
tolower, 545
toupper, 545

lifetime, of variables, 338
LIFO (last-in- rst-out), 1043
linear search

algorithm for, 451 454
ef ciency, 454

lines, 15 16
linked lists, 1003 1036

appending a node, 1006 1012
arrays and vectors vs., 

1003 1004
circularly-linked, 1034
class as node type, 1028 1033
composition of, 1004
counting nodes, 1117 1118
declarations, 1004 1005
deleting a node, 1018 1021
described, 1003
destroying, 1021
displaying nodes in reverse, 

1118 1119
doubly-linked, 1034
inserting a node, 1013 1017
list head, 1004
NULL address, 1004
operations, 1005 1021
recursion with, 1116 1119
self-referential data structure, 

1005
singly-linked, 1034
template for, 1022 1027
traversing, 1012 1013
variations of, 1034 1036

linker, 11, 12
Linux, 11
list (STL type), 983, 1035 1036

back member function, 1035
empty member function, 1035
end member function, 1035
erase member function, 1035
front member function, 1035
insert member function, 1035
merge member function, 1035

pop_back member function, 
1035

pop_front member function, 
1035

push_back member function, 
1035

push_front member function, 
1035

reverse member function, 1036
size member function, 1036
swap member function, 1036
unique member function, 1036

list head, linked list, 1004
literals, 39 40

character, 48 51
double, 54 55
float, 54 55
oating-point, 54

hexadecimal, 46
integer, 45 46
long integer, 45 46
octal, 46
string, 29, 39 40, 49 51, 549 550

local scope, 212
local variables, 327, 336 338

lifetime of, 338
with same name as global, 343
static, 344 346

log library function, 127
log10 library function, 127
logical errors, 21
logical operators, 182 189

! (NOT), 182, 187 189, 560
&& (AND), 182 185, 188 189
|| (OR), 182, 185 186, 188 189
associativity, 188 189
and numeric ranges, 189
precedence, 188 189
short-circuit evaluation, 183, 185

long, 43 44
long double, 53 54

long integer literal, 45 46
loop header, 233, 248
loops, 227 288

and arrays, 382
breaking and continuing, 285 288
conditional, 247
control variable, 235
count-controlled, 247, 255 256
counters, 241 242
described, 232
do-while, 242 246, 262
and les, 265 284
for, 247 256, 262
and increment/decrement 

operators, 227 232
in nite, 236
input validation with, 239 241
nested, 262 264, 286
posttest, 242 244
pretest, 235, 251
processing les with, 278 281
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programming style, 237 238
running total, 257 259
selecting, 261 262
sentinels, 260 262
user-controlled, 244, 252 253
while, 232 241, 262

low-level languages, 9
lowercase conversion, character, 

545 547
lvalue, 58

M

machine language, 8
main function, 29, 304
main memory, 5

managed C++, see Appendix G on the 
book s companion Web site

manipulator, stream, 33
mantissa, 53
map (STL type), 984
mathematical expressions, 91 98, 231
mathematical library functions, 

127 130
mathematical operators, with enum, 

631
max_element algorithm (STL), 985, 

992 994
member functions, 706

binding, 909
of cin, 123
dynamic binding, 909
with le streams, see Appendix L on 

the book s companion Web site
fill, 262
overriding, 918
rede ning, 896 901, 918
static, 804 807
static binding, 909
of string objects, 126
this pointer, 823 824
virtual, 909 913

members, of structures, 596, 
598 602, 621 622

memberwise assignment, 812 813
memory

for arrays, 378 379
ash, 6

main, 5
random-access, 5, 16

memory address, 5, 396, 491
memory allocation, dynamic, see 

dynamic memory allocation
menu-driven programs, 190
menus, 190 193, 207 209, 244 246, 

320 322
merge member function, list, 

1035
message, 23
methods, 707
microprocessors, 4

min_element algorithm (STL), 985, 
992 994

modular programming, 301 302
modular programs, 320
modulus operator (%), 61, 63, 66 67, 

93, 94
multi- le programs, see Appendix K on 

the book s companion Web site
multi-line comments, 69 70
multimap (STL type), 984
multiple assignment, 107

multiple inheritance, 928 932
multiplication operator (*), 15, 61, 

62, 92 95
multiset (STL type), 984
mutators, 716

N

named constants, 70 72
names

of functions, 303
of variables, 16, 41 42, 213 214, 

343
namespaces, 28, see also Appendix F on 

the book s companion Web site
National Commerce Bank case study, 

424 426
negation operator (-), 60, 92 94
negative numbers, in binary, see 

Appendix J on the book s 
companion Web site

nested blocks, 213 214
nested if statements, 169 175, 

179 180
nested loops, 262 264, 286
nested structures, 608 611
.NET Framework, see Appendix G on 

the book s companion Web site
new operator, 518 522
newline, printing, 33 34
newline escape sequence, 34
nodes

appending, 1006 1012
of binary trees, 1137, 1142 1144, 

1148 1157
class as node type, 1028 1033
counting, 1117 1118
deleting, 1018 1021, 1148 1157
displaying, in reverse, 1118 1119
inserting, 1013 1017, 1142 1144
of linked lists, 1003, 1006 1021, 

1028 1033, 1117 1119
not equal-to operator (!=), 150 152

NOT (!) operator, 182, 187 189, 560
null character, 49, 548
null pointer, 520
null statement, 158
null terminator, 49, 548 549

numbers, random, 129 130

numeric data
checking ranges of, 189
integer data types for, 42 43
from text les, 277 278

O

object aggregation, 849 852
object code, 11, 12
object conversion, 846 848

object le, 11
object-oriented design

aggregation, 849 852
class collaborations, 853 857
classes, nding, 777 785
CRC cards, 856 857
generalization and specialization, 

869 870
inheritance, 869 877
problem domain, 778
responsibilities, identifying, 

783 785
UML, 774 777, 852 853

object-oriented programming (OOP), 
22, 23, 705 711

object reusability, 708
objects, 706

array of, 759 761
attributes, 706
class vs., 708 710
data hiding, 706 707
dynamically allocated, 724 727, 

742, 753
encapsulation, 706
methods, 707
pointers, 724 727
state, 721

octal literals, 46

off-by-one errors, 388
off position, 5
ofstream objects, 268, 656

<< used with, 270
close member function, 270
open member function, 269

on position, 5
one-dimensional arrays, 416
OOP, 22, 23, 705 711
open member function, le stream 

objects, 269
opening les, 268 269
operands, 58
operating systems, 7
operator overloading, 819 846

[ ] operator, 840 846
>> and << operators, 836 840
= operator, 819 823
general issues, 825 826
math operators, 826 831
post x ++ operator, 832 833
pre x ++ operator, 831
relational operators, 834 836
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operators, 14, 15
- (negation), 60, 92 94
- (subtraction), 61, 92 94
--, 227 232
-=, 108 110
-> (object pointer), 724
-> (structure pointer), 618 619, 

621, 622
!, 182, 187 189, 560
!=, 150 152
%, 61, 63, 66 67, 93, 94
%=, 108 110
& (address), 491 493
&&, 182 185, 188 189
* (indirection), 497 499
* (multiplication), 15, 61, 62, 

92 95
* (pointer variable declaration), 

496, 621 622
*=, 108 110
. (dot operator), 598, 622, 

718 719
/, 61, 92 94
/=, 108 110
?: (conditional), 199 201
||, 182, 185 186, 188 189
+, 61, 62, 92 94, 579
++, 227 232
+=, 108 110, 579
<, 150 152
<<, 31 32, 270, 579
<=, 150 152
=, 15, 38 39, 58, 161 162, 237, 

579
==, 150 152, 161 162, 237
>, 150 152
>=, 150 152
>>, 86 87, 275, 277, 280, 

579
[ ] operator, 428 430, 579
arithmetic, 60 67
associativity, 93 94, 150, 

188 189, 1197
binary, 60
bitwise, see Appendix J on the 

book s companion Web site
combined assignment, 107 110
conditional, 199 201
delete, 520
logical, 182 189
new, 518 522
overloading, 819 846
precedence of, 92 93, 188 189, 

1197
relational, see relational 

operators
scope resolution (::), 716
sizeof, 57
string class, 126, 579
ternary, 60, 199
unary, 60

OR
^ bitwise exclusive, see Appendix J on 

the books companion Web site
| bitwise operator, see Appendix J on 

the book s companion Web site
|| logical operator, 182, 

185 186, 188 189
output, 18

array contents, 381 384
with enum, 633 635
formatting, 111 119, 658 659

output devices, 6
output les, 265
output iterators, 984
over ow, 102 103
overhead, 1106
overloading functions, 356 360

constructors, 754 757
member functions, 751
templates, 971 972

overriding, 918

P

parallel arrays, 402 403
parameter lists, 303
parameters, 313, 316 317

array, 410
constant reference, 633
pointers as, 509 517
reference variables as, 350 354, 

509
parentheses, 30, 94, 201
partially lled arrays, 399 401
Pascal, 10
passing by reference, 350 354, 509
passing by value, 318 319, 633
passing to functions

arrays, 405 414
with pointers, 572 573
two-dimensional arrays, 

419 421
percentage, 63 64
percentage discounts, 64 65
pointers, 491 534

address operator (&), 491 493
arithmetic with, 504 505
and arrays, 500 504
base class, 915 917
comparing, 507 509
constant, 516 517
to constants, 513 515, 517
creating and using, 493 500
dynamic memory allocation, 

518 522
as function parameters, 509 517
initializing, 506
to objects, 724 727
passing C-string arguments with, 

572 573
returning, from a function, 

522 527

structure pointer operator, 
618 619, 621, 622

to structures, 618 621
structures containing, 683
United Cause case study, 529 534

polymorphism, 907 921
abstract base classes, 921 925
base class pointers, 915 917
dynamic binding, 909
overriding, 918
pure virtual function, 921 925
and references or pointers, 913

915
static binding, 909
virtual destructors, 918 921
virtual functions, 909 913, 

921 925
pop operation (stacks), 1044 1045
pop_back member function

list, 1035
vector, 433 434, 437, 986

pop_front member function
deque, 1093
list, 1035

portability, of C++, 11
post x mode, 228 231
postorder traversal, binary trees, 

1144 1147
posttest loop, 242 244
pow function, 95 97, 128
power, raising a number to, 95 97
precedence, operator, 92 93, 

188 189, 1197
precision, 114
precision member function, 

cout, see Appendix L on the 
book s companion Web site

pre x, template, 967, 973 974
pre x mode, 228 231
preorder traversal, binary trees, 

1144 1147
preprocessor, 11, 12
preprocessor directive, 28, 36

prestandard C++
standard vs., 74 76
type cast expressions, 105 106

pretest loops, 235, 251
priming read, 240
primitive data types, 594
private member functions, 758 759
private members, class, 713 715, 

728 729
problem domain, 778
procedural programming, 22 23, 

705 706
processing, 18
programmability, of computers, 1 2
programmer-de ned data types, 427
programmer-de ned identi ers, 14, 15
programmers, 2
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programming, 1 23
computer systems, 3 7
input, processing, and output, 

17 18
procedural and object-oriented, 

22 23
process of, 18 22
program elements, 13 17
programability of computers, 1 2
programs and progamming 

languages, 8 12
programming languages, 8 11, see 

also speci c languages

high-level, 9
low-level, 9

programming process, 18 22
programming style, 72 73

and if statements, 159
and nested decision structures, 

172 173
and while loops, 237 238

programs
described, 1, 8 9
elements, 13 17

promotion, data type, 101
prompt, 86
protected members, 878 884
prototypes, function, 311 312

pseudocode, 20 21
public member functions, 713 714
public members, class, 713 715
punctuation, 14, 15

pure virtual function, 921 925
push operation (stacks), 1044
push_back member function

deque, 1093
list, 1035
vector, 430 432, 438, 986

push_front member function, 
list, 1035

put member function, le streams, 
670 671

Python, 10

Q

queue (STL type), 1094 1095
queues, 1073 1095

applications of, 1073
array-based, 1076 1080
crawling problem with array, 

1075 1076
dequeuing, 1073 1076
described, 1073
dynamic, 1073, 1085 1092
empty, detecting, 1076
enqueuing, 1073 1076
rst-in rst-out, 1073

full, detecting, 1076
linked list-based, 1085 1088
operations, 1073 1076

static, 1073, 1076 1084
STL queue and dequeue 

containers, 1092 1095
QuickSort algorithm, 1125 1129

R

RAM, 5, 16
rand library function, 129 130
random-access les, 267, 683 691

random-access iterators, 984
random-access memory (RAM), 5, 16
random numbers, 129 130

limiting the range of, 130
seeding, 129
time function with, 129

random_shuffle algorithm (STL), 
986, 990 991

ranges, numeric, 189
ranking, of data types, 100 101
read, priming, 240
read member function, le stream 

objects, 676 677
read position, of les, 275 276
reading data, from le, 266
records, 679 683
recursion, 1101 1133

base case, 1106
binary search, 1119 1121
counting characters, 1110 1112
depth of, 1103
direct, 1112
exhaustive algorithms, 1130 1132
factorial algorithm, 1106 1109
Fibonacci numbers, 1114 1116
greatest common divisor (GCD), 

1113 1114
indirect, 1112
in nite, 1102
iteration vs., 1132 1133
linked list operations, 1116 1119
problem solving with, 1106 1112
QuickSort algorithm, 1125 1129
recursive functions, 1101 1105
recursively de ned problems, 

1114 1116
Towers of Hanoi, 1122 1125

recursive case, 1106
rede ning base class functions, 

896 901, 918

reference, passing by, 350 354, 509
reference parameters, constant, 633
reference variables

as parameters, 350 354, 509
pointers vs., 494 495

reinterpret_cast, 677
relational expressions, 150, 231 232
relational operators, 149 153

and characters, 195 196
and pointers, 507 509
and string class, 196 198, 597

relationships
has-a,  851
is-a,  870 877, 918

whole-part, 851
remainder, of division, 61
replace member function, string 

class, 583
reserved words, 14 15
resize member function

string class, 583
vector, 438, 990

responsibilities, identifying, 783 785
rethrowing an exception, 964 965
return statement, 30, 324 325, 327
return type, of functions, 303
returning

bool value from functions, 
334 336

pointers from functions, 522 527
structures from functions, 

615 617
values from functions, 326 336

reusability, object, 708
reuse, code, 302
reverse member function

list, 1036
vector, 438, 990

rewinding a le, 690 691
right-justi ed outputs, 112
right manipulator, 118 119
rows, of arrays, 416, 417, 421 422
Ruby, 10
running, of programs, 4
running total, 257 259
runtime library, 11
rvalue, 58

S

scienti c notation, 53, 54
scope, 59 60, 211 213

block, 212
coming into, 213
leaving, 213
local, 212

scope resolution operator (::), 716
search algorithm, 451 464, 480 485

binary search, 454 457, 
1119 1121

Demetris Leadership Center case 
study, 458 464

linear search, 451 454
for STL vector, 480 485

search trees, binary, 1139
secondary storage, 5 6
seekg member function, le stream 

objects, 683 688
seekp member function, le stream 

objects, 683 688
selection sort, 469 472
self-referential data structure, 1005
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semicolon, 15, 30, 158, 258
sentinels, 260 262
sequence containers, 427, 983

sequence structure, 154
sequential le access, 267, 683
sequential search, 451
set (STL type), 984
setf member function, cout, see 

Appendix L on the book s 
companion Web site

setprecision manipulator, 
114 116, 119, 658

setter functions, 716
setw manipulator, 112 113, 119, 

659
shadowing, of variables, 343, 349
short, 43 44
short-circuit evaluation, 183, 185
showpoint manipulator, 118, 119
signature, function, 357
signi cant digits, 114
sin library function, 127
single line comments, 68 69
single precision, 53 54
singly-linked list, 1034

size declarators, of arrays, 378, 380
size member function

list, 1036
string class, 583
vector, 432 433, 986

sizeof operator, 57
sizing, of arrays, 392 393

software, 2, 6 7
application, 6, 7
system, 6 7

software developers, 2
software development tools, 7
software engineering, 22
sort algorithm (STL), 986, 990 991
sorting, of strings, 560 561, 576 578
sorting algorithm, 464 485

bubble sort, 465 468
Demetris Leadership Center case 

study, 472 480
QuickSort, 1125 1129
selection sort, 469 472
for STL vector, 480 485

source code, 11, 12
source le, 11
specialization, inheritance and, 

869 870
specialized templates, 982
speci cation le, class, 729
spreadsheets, 265, 651

sqrt library function, 127 128
srand library function, 129
stack (STL type), 1071 1072, 1083

stacks, 1043 1072
applications of, 1044
array-based, 1044 1051
cafeteria plates, 1043 1044
described, 1043 1044
dynamic, 1044, 1060 1070
isEmpty operation, 1045
isFull operation, 1045
LIFO, 1043
linked list-based, 1060 1065
for math, 1051 1054
operations, 1044 1045, 

1051 1054
pop, 1044 1045
push, 1044
static, 1044 1051, 1054 1060
STL stack container, 1071 1072
unwinding, 964

stale data, 724
standard C++, prestandard and, 

74 76

Standard Template Library (STL), 
427, 983 996

abstract data types, 983 984
algorithms, 984 986, 990 996
associative containers, 983, 984
binary_search algorithm, 984, 

990 991
count algorithm, 985, 992 993
deque, 983, 1093 1094
find algorithm, 985, 994 995
for_each algorithm, 985, 

995 996
iterators, 983, 987 989
list, 983, 1035 1036
map, 984
max_element algorithm, 985, 

992 994
min_element algorithm, 985, 

992 994
multimap, 984
multiset, 984
queue, 1094 1095
random_shuffle algorithm, 

986, 990 991
sequence containers, 983
set, 984
sort algorithm, 986, 990 991
stack, 1071 1072
vector, 427 438, 480 485, 

983, 986 987
starting size, vector, 428
state, object, 721
statements, 15 16

static binding, 909
static key word, 801
static local variables, 344 346
static member functions, 804 807

static member variables, 800 804

static queues, 1073, 1076 1084
static stacks, 1044 1051, 1054 1060
static_cast, 103 106

STL, see Standard Template Library
storage, secondary, 5 6
strcat library function, 553 556, 

561
strcmp library function, 558 562
strcpy library function, 554 556, 

562
stream insertion operator, 31 32, 270, 

579
stream manipulator, 33
stream object, 31
string class, 574 585, 711

append member function, 582
assign member function, 582
at member function, 582
begin member function, 582
capacity member function, 582
clear member function, 582
compare member function, 583
comparing and sorting, 576 578
constructors, 754
copy member function, 583
data member function, 583
de ning string objects, 574 575, 

578 580
described, 51 52
empty member function, 583
end member function, 583
erase member function, 583
find member function, 583
Home Software Company case 

study, 584 585
input, reading into a string object, 

576
insert member function, 583
length member function, 

580 581, 583
member functions, 580 583
operators, 579
replace member function, 583
resize member function, 583
size member function, 583
substr member function, 583
swap member function, 583
using, 51 52

string constant, 29
string header le, 51, 574

string literals, 29, 39 40, 49 51, 
549 550

string objects, 51
and characters, 120 126
comparing, 196 198
de ning, 574 575, 578 580
member functions and operators, 

126
reading input into, 576
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strings, see also C-strings
functions for handling, 568 573
numeric conversion functions, 

563 568
sorting, 560 561

strlen library function, 552 553, 
561

strncat library function, 562
strncpy library function, 562
strstr library function, 556 558, 

562
struct, 595, see also structures
structure pointer operator (->), 

618 622
structure variables, 596 597, 602
structures, 593 637

and abstract data types, 593
595

accessing structure members, 
598 602

arrays of, 605 608
combining data into, 595 598
containing pointers, 683
and enumerated data types, 

627 637
as function arguments, 

612 615
initializing, 602 604
nested, 608 611
pointers as members of, 

621 622
pointers to, 618 621
records, creating with, 679 683
returning, from a function, 

615 617
self-referential, 1005
and unions, 623 627

stubs, 363

style, programming, see 
programming style

subscript, of array element, 379, 
380

substr member function, string 
class, 583

subtraction operator (-), 61, 92 94
sums, of array values, 397 398, 

421 423
swap member function

list, 1036
string class, 583
vector, 438

switch statement, 202 209
break, 204, 205
case, 203 204
default, 203 204
fallthrough capability, 205 207
with menus, 207 209

syntax, 14
syntax errors, 11
system software, 6 7

T

tags, of structures, 596
tan library function, 127
tellg member function, le stream 

objects, 688 690
tellp member function, le stream 

objects, 688 690
template pre x, 967, 973 974
templates

binary trees, 1157 1163
class, 973 982
de ning, 972 973
dynamic queue, 1089 1092
dynamic stack, 1065 1070
function, 966 973
linked list, 1022 1027
pre xes, 967, 973 974
specialized, 982
static queue, 1081 1084
static stack, 1054 1060
type parameter, 967

ternary operator, 60, 199
test expression (for loop), 248
text editor, 11 12
text les

described, 267
numeric data from, 277 278

this pointer, 823 824
throw key word, 948, 964
throw point, 948
throwing an exception, 519, 948
time library function, 129
tolower library function, 545
top-down design, 20
top member function, stack, 

1083
toupper library function, 545
Towers of Hanoi, 1122 1125
trailing else, 177 179
trailing zeroes, displaying, 118
traversing

binary tree, 1144 1147
linked list, 1012 1013

true values, 150, 152 153, 
160 161

truncation, 55
truth, 152 153, 160 161
try block, 949
try/catch construct, 949 951
try key word, 949
two-dimensional arrays, 416 423

initializing, 418 419
passing, to functions, 419 421
summing elements of, 

421 423
type cast expression, 103
type casting, 103 106
type coercion, 101
type parameters, 967, 974

U

UML, see Uni ed Modeling 
Language

unary operator, 60

under ow, 102 103
Uni ed Modeling Language (UML), 

774 777, 852, see also 
Appendix E on the book s 
companion Web site

access speci cation, showing, 
775 776

aggregation, showing, 852 853
class diagram, 774 777
constructors, showing, 777
data type notation, 776
destructors, showing, 777
parameter notation, 776

unions, 623 627

anonymous, 625 627
structures vs., 623

unique member function, list, 1036
United Cause case study, 529 534
unsetf member function, cout, 

see Appendix L on the 
book s companion Web site

unsigned int, 43 44
unsigned long, 43 44
unsigned short, 43 44
unwinding the stack, 964
update expression (for loop), 248, 

252 256
uppercase conversion, character, 

545 547
USB drives, 6
user-controlled loops, 244, 252 253
user-speci ed lenames, 283 284
using namespace statement, 28, 

74, see also Appendix F on 
the book s companion Web 
site

utility programs, 7

V

validation, input, 193 194, 239 241
value, passing by, 318 319, 633
value-returning functions, 326 336

variable declaration, 16
variable de nitions, 17, 37 38, 59, 

211 213
variables, 16 17, 37 39

accumulator, 257 259
counter, 241 242
ag, 181 182

global, 338 340, 343
initialization, 59
instance, 799 801
legal names, 42
lifetime of, 338
local, 327, 336 338, 343
loop control, 235
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variables (continued)
names, 16, 41 42
over ow and under ow, 102 103
pointer, see pointers
reference, 350 354, 494 495, 509
with same names, 213 214, 343
scope, 59 60, 211 213
static member, 800 804
structure, 596 597, 602

vector, 427 438, 480 485, 983, 
986 987

[ ] operator, 986
at member function, 437, 989
back member function, 989
begin member function, 989
capacity member function, 437, 

989
clear member function, 434

435, 437, 990
compared to linked list, 1003

1004
de ning, 427 428
empty member function, 435

437, 990

end member function, 990
erase member function, 990
front member function, 990
insert member function, 990
pop_back member function, 

433 434, 437, 986
push_back member function, 

430 432, 438, 986
removing elements from, 433 434
resize member function, 438, 

990
reverse member function, 438, 

990
searching and sorting, 480 485
size member function, 432 433, 

986
storing and retrieving values in, 

428 432
swap member function, 438

virtual destructors, 918 921
virtual functions

and polymorphism, 909 913
pure, 921 925

Visual Basic, 10

void functions, 303 304
volatile memory, RAM as, 5

W

Web browsers, 265
while loops, 232 241, 262

input validation with, 239 241
logic of, 233 235
as pretest loop, 235
programming style, 237 238

whitespace characters, 120 121
whole-part relationship, 851

width member function, cout and 
cin, see Appendix L on the 
book s companion Web site

word processors, 265, 651

write member function, le stream 
objects, 675

writing data, to le, 265

Z

zero(es)
division by, 167
trailing, 118
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