EVALUACION DEL PERSONAL DOCENTE

CURSO : Microsoft Visual C+ +
Del 19 al 30 Junio, 1985

Conferencista : Ing. Noe Alvarez Martinez

Marque con una "X", su respuesta.

Los conocimientos del profesor sobre el curso son:

::Excelentes :Buenos :Regulares

Las preguntas de los alumnos las contestan con :

:Mucha seguridad DSegun‘dad Elnseguﬁdad .
La clase se desarrolla en forma :

:Muy interesante :Interesante :Aburrida

El método de ensenanza del profesor conduce a un aprendizaje :
Ehcelente :Bueno ::Regular

La organizacién y desarrollo del curso ¢s:

Adecuada :Malo

La calidad del material utilizado es :

Excelente IBueno :Regular

Le agrado su estancia en la Division de Educacién Continua :

Si :No, Diga porque!

Recomendaria el curso a otras personas :

Si :No, Diga porque!

Medio del cual se entero de este curso
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Y, Overview

Slide
Objective
Provide an
overview of the
module
contents.
Establish the
importance of
understanding
the new
problem
approach and
new

terminology.

= Agprocches foSoftware Design
= Fecures of the Chjedt-CrientedPacdigm

= Abstroction, Encopsudtion, Qesses, Inheritance,
andPoymorphism

» Shructuredvs. Ctjed-Qrienfed Andlysis andDesign

This is the first of two introductory modules. [n this module and the next, you will
examine the general concepts that are the framework for object-oriented software
design and implementation.

These concepts serve 10 clarify the content of the course and help you determine
your expectations. Al the same time, the modules will provide examples and
activities that contribute to your understanding of the overall picture. Once this
foundation is laid, you will learn 10 actually read and use objeci-oriented code.

Module Summary

This module offers a description of object-oriented analysis and design (COAD).
The riext one presents a general approach to OOAD. In both cases, the stage is
being set for subsequent modules, in which you will develop and apply your skills.

As you go through this module, be thinking of an application design problem. As
you begin to get a feel for what objects are, try to apply an object-ortented
perspeclive Lo that design,

Objectives
Al the end of this module, you will be able to:

- w Discuss key software design approaches and issues.

n List methods for achieving software design goals.

= Discuss essential object-oriented analysis and design.

» Differentiate between the atiributes of an object and its behaviors.
s Contrast procedural and object-oriented analysis.
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Slide
Objective
Briefly cover
various
approaches to
software design
and analysis
noting that
each is valid for
various types of
problems.

a Struchured Andlysis endDesign
»*DetaDriven Andysls andDesign

» Relctiond Detcbxse Andlysis and Design
= Rues Reldicn-Bosed Anclysis endDesign
» Ctiedt-Oriented Andlysls and Design

Analysis and Designh (A/D)

Before any coding occurs, the first phase of software construction should be an
analysis and design phase. This phase defines the logical problem domain—the
problem that must be solved or the service that must be periormed. The problem
must be defined (analyzed) and modeled (designed) in terms that are ransferable to
a program coding style.

. There are a number of generally accepted broad approaches or methodologies for

analysis and design. Each is suited 10 a particular class of problem:

Structured A/D uses functional decomposition to arrive at a procedure-oriented
approach to solving a problem. This is probably the most commonly used and
flexible of all methodologies.

Data-driven A/D centers on records as they originate, change, and pass through a
systemn. This approach is often used 1o mode! record-keeping, inventory, and
material control sysiems. It is the other side of the coin to the structured approach.

Relation database A/D secks 10 apply relations between attribultes in a system 1o
form a muiti-dimensional table of values and connections.

Rules- and relation-based A/D seeks to set up a series of logical relationships or
rules to govemn or describe a system behavior or structure. This is most commonly
used in antificial intelligence (AI) and expert system applications. '

Object-oriented A/D (abbreviated OOAD) identifies “actors” in the problem

. domain, the abilities or responsibilities of each actor, the relationships between the

actors, and finally, the main script for the actors,

Computer languages are often designed (and better suited) for use with only one or
a few of these A/D methodologies. Microsofte Visual C++™ is a very flexible
language, but it is best suited to the structured {procedural) and object-oriented
approaches.
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Side R ———— e eeee e et
Objective . .
To approach O- » Atsfredtion ,
e :
programming, - Promdsd daradion
introduce these o
4 high-level : “ Immh@m .
features as = Encepsuldion of Dadaond Procecir
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What Are Objects?
As the phrase implies, objects are the basis [or object-oriented programming. The
notion of an object is familiar to ail of us, and it translates well 10 the world of
programming. ‘
For our purposes, an object has an identity. It is defined by its attributes (data
elements) and behaviors (functions). An obiect’s attributes and behaviors make it
distinct from other objects. In the language of object-orented programming, objects
represent things such as rectangles, ellipses, and triangles, as well as money, part
numbers, and items in inventory.
The Object-Oriented Paradigm
Although there is no hard definition of what the object-oriented paradigm entails,
most people agree that it encompasses at least four general conceplts:
Delivery Ti »  Abstraction allows users to ignore the implementation details and concentrate on
Inter o dirge cle?::sch a higher-level view of an entity. That is, object-oriented programming
itern briefly to encourages the programmer to design in absiract terms.
set terminology. | = Encapsulation provides a grouping mechanism that describes the bundling of
Each will be daia and functions together within an object so that access to the data is
coveredona .

following page.

permitted only through the object’s own functions.

n Inheritance is a mechanism for automatically sharing functions and data among
classes, subclasses, and objecls.

» Polymorphism allows related objects to respond differently (but appropriately)
when responding 10 tHe same message.

important This course does not attempt to cover multiple inheritance or
polymorphism as supported by Visual C++.
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Abstraction

Slide
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Define two
types of
abstraction:
Procedural
provides
behaviors while
Data provides
attributes for

" = Procedird Abstrection | -
‘= DdaAbstrachion : J

objects.
e -]
Abstracuion is the capability to represent, denote and handle information at a higher
level than 1s inherent (o a computer or base language. For example, it is easier 10
work with records and precesses than it is to work with a collection of integers,
floating point numbers, and executable instructions. Al high-level modem,
languages support abstraction.
Procedural abstraction provides us with the behaviors of a system or entity. Global
functions and member functions provide for procedural abstraction in C++.
Deli i Data abstraction provides us with the aitributes of an entity. The higher-level data
Cgo‘l!’:r:y o ps types challenge students to work toward achieving abstraction with all the problem
sTudentsg'ro domains -resented in the course. Abstraction is a major shift for procedural
achieve programuners.rays, pointers, structures, and classes particularly support data
abstraction abstracticin in C++.
within qll the
problem Reference
domains Refer to “Fundamentals of Object-Oriented Design” in the C++ Twtorial.
presented .
during the
week,
Abstraction Is a
paradigm shift
for procedurcl
programmers.



Module 1: What [s Object-Orlented Analysis? 17

Encapsulation
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Encapsulation is the ability 1o group related pieces of information and processes
into a self-contained unit. In many cases, it also allows data-implementation details
10 be hidden. (The software industry has leamed Lhe costly lesson that dependence
on specific data-implementation schemes often hampers maintenance.)
Encapsulation groups information and processes in the form of awtnbutes and
behaviors.

The attributes of a rectangle include its width, height, and location, and perhaps its
color. Notice that other attributes, such as the perimeter and area, are redundant
because they can be calculated by knowing the height and width, and knowledge of
the fundamental nature of rectangles.

The behaviors of a reclangle largely depend on the problem domain, but might
likely include draw, move, resize, rotate, reflect, and-compare a rectangle to another,
shape.
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Classes
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definition of a
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“class” to
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related entities.
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one object

from the

category

Rectangle.
What Are Classes?
A class names a category of relaled entities or objects. Each of those entities is
called an object or instance of that class. Each object in a class is a particular
example of a more general category.
The class Rectangle includes any object that exactly meets the basic requirements
of the rectangle category. The illusration shows three different rectangles. In
object-oriented lerms, rectl, rect2, and rect3 are objects of the class Reclangle.
Classes are recognized as a useful and widely used construct, even though they are
not strictly required for OOAD or object-oriented language implementation. C++
directly uses the class construct for abstraction, encapsulation, inheritance and
polymorphism. -

Delivery Tips

OO0A angd OQD

typically don‘t -

use the "Class”

terminclogy —

the implement-

ation of the

design dcesl
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Inheritance
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What Is Inheritance?

Inheritance is a means for creating a new, more specific type from an existing, morc
general type. This is done by staung the difference between the two Lypes.
Inheritance defines one type as a subcategory of another.

The general class is referred 10 as the base or parent class. A more specific class is
referred 10 as the derived or child class.

The derived classes gain or inherit both attributes and behaviors from the base

class.

The exact mechanism for inheritance will be covered in a later module,
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Polymorphism
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Delivery Tips
As a shift for
procedural
programmers,
the agbstract
viewpoint says
“each object
knows how to
draw itself.”

What is Polymorphism?

For our purposes, polymorphism may be defined as the ability of related objects to
respond to the same message with different, but appropriate, actions.

In the example above, each shape class has its own version of the draw function
that provides the appropriate action for an object of that class. A Reclangle object’s
draw function displays a rectangle, an Ellipse draw function displays an eilipse,
and so on.

What this means to the programmer is a simpler, more flexible interface to a group
of related objects.

Polymorphism is implemented in C++ through virtual functions. (An explanation of
virual functions falls outside the scope of this course.)
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Structured vs. Object-Oriented A/D
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Delivery Tips
Relate the third
and fourth
points. Objects
are modular
and reusable
and they send
messages to
other objects.

Structured vs. Object-Oriented Design

Since most programmers are trained in the structured, procedural approach, it

~ behooves us 1o compare objecled-onented approaches with structured approaches.

The first point is that OOAD focuses on objects that have certain behaviors and
atmibutes; structured A/D focuses on a hierarchy of processes.

Secondly, object-oriented implementations hide data, showing only behaviors. The
structured approach leaves this decision up lo the implementor.

The next two points are closely related. Since objects are by definition modular in
their construction (that is, they are complete in and of themselves), they tend (o be
highly reusable. Structred processes may or may not be reusable, again depending
on the implementation,

Finally, object-oriented applications are construcled on a message-based or event-
driven paradigm where objects send messages 10 other objects. Structured
approaches with processcs tend to result in linear, algorithm-based
implementations.

s
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Structured Approach to Design
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The traditional structured approach to design tends o disassociate logical processes
(functions) from the information {data) they work on. As the number and

complexity of Lhe processes and information increase, a very real danger exists that .
the pictured relationship network becomes too complex to be managed by mere
mortals.
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Slide
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Object-Oriented Approach to Design

The object-oriented paradigm groups processes and information together as a unit
(classes and their objects). The information in these units is typically hidden, being
revealed by an interface or sct of behaviors.

A Final Word

After some practice, most people find the COAD approach much more natural than
other methodologies. This is because it meshes very well with the way people
naturally interpret the world. Human understanding largely rests on identification
and generalization (objects and classes), finding relationships between groups
(containment and inheritance), and interacting through the normal interface of an
enlity (behaviors).

A .
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Y. Overview
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Module Summary

In this module, we examine a general approach 1o OOAD by looking at many of its
elements. You will be introduced to basic steps and methodologies, as well as the
concepts of class behaviors and relationships.

Much of this information is presented in parallel with a class activity: implementing
a simple graphics program. As you go through this module, remember that
designing and implementing classes is really creating user-defined abstract data
types.

Objectives

Al the end of this module, you will be able to:
» Characterize objects in design terminology.
s Describe the object-oriented design process.
a Describe messaging berween objects.

s Define inheritance.

Lab
Fundamentals of Object-Oricnted Design

Reference
Refer 10 “Fundamentals of Object-Oriented Design™ in the C++ Tworial.
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Maijor Steps in OO Analysm and Design

e T s —
Oblechve Understand the Problem {E
Pl’OVlde an TR PP e e '\w.\m— T e
overview of the - - ’
general steps in Identify Objects (Classes) §
fhe OOAD PGty ooy Hriy ..‘.-..».,.-.‘.-\..-m. Rt dedoadty
process. r Assign Behavior to Classes £
: e e TR e T e ‘m —— -w.“mzw..mmM.N....g
Identity Communication Balween ClassoiE
Identiy Class Relationships §
e w.‘.x...M-.\.m,..Q..,.vtu,.,,,.ﬂ....\;.d T
Implement Chuea, Top Down
Deli T Although there are a number of formal object-oriented analysis and design
Dgnxené tcln‘;s methodologies being developed, most share a commeon flavor in their approach to
deep i?n‘ o each QOAD. In this module, we will follow a general, high-level approach. (In the
area. An standard development cycle of software, implementation is not a part of A/D.) The
upcoming last phase of the cycle, testing, is not shown or considered tn this course.
Eggﬁ glg\é?(rs Although the steps are shown in a linear order, they represent an iterative,
- overlapping process of conslant refinement. In contrast to the structured approach,
Key Points the analysis and design phases of OOAD tend 1o consume a greater portion of the
Designis an development cycle.
iterative ] \ .
process; it is not [ When Visual C++ is used, the result of this process, should be a set of classes that
linear steps. describe the actors or objects in the original problem domain. Since each class

should completely encapsulate an actor, the ideal is for. each 1o “stand on its own,"
and thus be portable.

C'=sses shou!d be ~iomally cohesive, 4. have ran. w; Iriealy onsoed wizne -

EOSIIN
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Class Index Cards
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Class Name: Abstract / Concratoef;
Parent; ;
Children: ;
Behavior: Communication: ’
Embedded Objects:

‘Class index cards are a useful device for aiding the A/D process. They have slots

for the following information:

Class name: the name of the class. By convention the first letter of each word is;
capitalized.

AbstractiConcrete option: If objects of a class are 1o be created, a class is said (o
be concrete; if no objects of that type are to be created, the class is abstract. Basc
classes are sometimes abstract.

Pareni: the name of the parent class, if any
Children: the name of child classes, if any
B;ehavior: a list of interface functions

Communication: a list of all other classes on whose behaviors this class relics

.. Embedded pbjecrs .a list of all user-deﬁned .objects (hat are contained in objects of ..

this class '

The concept of class index cards is a slighdy altered form of CRC cards,
championed by Wirfs-Brock, Wilkerson, and Wicner in Designing Objeci-
Oriented Software.

P kil

[

(e
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Understanding the Problem
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The first and foremost slep in any analysis process is to identify the problem that
must be solved or the service that is needed. The problem should be conceptualized
in logical space, since 1ts solution will be implemented on a computer. The question
is not yet how or when 10 solve the problem. Instead, ask what the real problem is,
or perhaps why it is a problem.

Improper definition is the first step on the road to ruin, regardless of whether it is

caused by defining a problem (oo narrowly, too broadly, or missing the arget
altogether.

If there is more than one person on a development team, all must agree on the
problem definition.



Module 2: A General Approach to Objeci-Orlented Analysis and Design 3

Identifying the Classes
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Baéic Steps in Identifying Classes

Once the dimensions of a problem are understood, the next step is to identify what
important actors (objects) are involved. Good candidates usually have the following
characteristics:

s Noun (or verb that can be made into a noun—-spooler, for example)
a They serve several useful purposes in the problem domain.
s They represent a discrete, stand-alone concept.

For Your Perhaps the best way to start this process is to list all likely nouns on a blank sheet
information of paper. Then use the criteria above 10 qualify likely candidates.

This pracess is Even though the process described above is for specific actors or instance objects, it
Part 1in the is normally a shom trip to identify the general classes these actors belong to. For
;?gg?g;g example, if a problem domain calls for a small pink rectangle, a large blue

reclangie, and a medium gray rectangle, obviously the class Rectangle is required. -
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Assigning Behavior to Classes

dormain.

7 T
Objecflive .

Major Step #3: : o . -

Answer these » What Missoges Shaddan Chied Respond ToR

three questions ‘ ‘ .

to define an . = Whd Responsibilities Does an Ojedt Have?

object’s ‘ '

beravior | = What Adtions Does on Ciled! Parfar?

Deliverv Tios The answers to all three of these questions contribute equally to the assignment of
A possige P class behaviors, (All objects of the same class have the same possible behaviors.)
approach: Normally all object behavior is directed at maintaining itself,

E“%Qi“em For example, what behaviors does a rectangle have? Again it depends on the
og'elcr:\fgin y?:-ur problem domain, but assuming that we are working on a graphics display

hojnd and application, a rectangle would probably be expected 1o perform the following
having a actions on itself: to draw, move, resize, rotate, reflect, or 10 compare itself to
ggggfvig in the There may be many processes that affect the object that are not direct behaviors of
problem that object. For example, although video moge certainly affects the way a rectangle

is displayed, this behavior more properly belongs to the class (video) Screen.
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Identifying Communications Between

Objects
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Communication
Ke Poiﬁis In an object-oriented application, objects commonly invoke behaviors in other
A Y objects. The request for action that is directed at an object is called “sending a
communication message.” In C++, it is also called “invoking a member function.”

As part of doing so, it might send a message to an on screen rectangle (by invoking
the Draw function) so that the rectangle redraws itself.

For example, in our graphics application, the screen object might be required to :
refresh itself. As part of doing so, it might send the Draw message to an on-screen
reclangle to draw itself.

Note again that although cbjects are the actual actors in a C++ application, this
message-passing association is acually encoded into the respective classes.

o
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Idenhfylng Class Relationships
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Containment and Inheritance

Containment is also called composition or embedding. Containment is where one
object contains, is composed of, or owns an object of another class. For example
each reclangle contains a center potnt.

By contrast, inheritance is where one class is a type of or a kind of another class.
For example, a rectangie is a type of geometric shape.

- A class hierarchy may form a tree of relationships. In the previous module, we saw -

that Rectangle had a parent {Geometric Shape) and two siblings (Ellipse and -
Triangle).

As yc.- will see, one (or more than one) level of containment or inheritance is
possi-e. For example, a square is a type of rectangle, which is a type of geometric
shape.

Tip Iiis a common mistake for beginners 1o confuse these Lwo relationships,
thereby creating interface problems later in the design and implementation phases.
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Implementing Classes
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The last concern in OOAD is choosing an implementation for the various classes,
including a data representation for each class. It is possible to delay implementation
choices because the object-oriented approach concentrales on behaviors while
hiding data. Therefore, as long as the interface does not change, implementation -
remains flexible and mutable. Ancther way of stating this is to say that each actor
represents a black box: its behavior is known, but its internal workings {perhaps
including state) remain a mystery.

Often at this phase (or any previous phase), shortcomings will be noted from
previous phases, and the QOAD cycle will repeat itself. This is natural and should
be expected and encouraged. Rarely is a complele and elegant design accomplished
on the first pass.

Prototyping the interfaces for a class involves writing the prototypes for each
member function. This entails naming and defining each one, and specifying the
type of data it takes and returns. (This topic will be dealt with more fully in the
modules on functions and classes.) Next, in order to check the message flow
between classes, it is useful to stub each function. This entatls adding a simple
“message out” statement for the body of each member function,

After an acceptable class design is conceptualized, the following phases must still
be completed:

»  Full class implementation
s Overall program implementation (scripting for actors)
s Testing and documentation

Note that these phases may be carried out in overlap or in paraiicl.
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Class Achvnty
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Class Activity

This activity applies the steps you have leamed. You will solve a problem by
developing the elements of a simple object-criented design.

Step 1: Understand the Problem

You will develop a set of classes to implement a simple graphics program. The
program must be able to display three different kinds of geometric objects on the
video screen: ellipses, rectangles, and triangles. Also, it must allow the objects to be
moved, resized, and have their coler changed.

In addition, objects need to be managed somehow. For example, objects may be
partially or fully moved off the physical video screen and may need to be clipped.
Al a later date, it might be desirable to change the video mode resolution and other
screen attributes. For that purpose, we suggest a video screen class.

Use the class index cards on the following pages to design a set of classes that will
meet the requirements stated above.

Step 2: Identify the Classes

To identify the actors in the problem domain, it is ofter: nelpful to start with a blank
sheet and quickly write down the likely candidates:

Triangle Keyboard Ellipse Reciangte Line
Point Screen Array - Color Draw

From this potential list, eliminate unlikely candidates and promote likely ones. Here
Keyboard and Array can be eliminated from the nitial design because they
represent physical and data type implementation classes. They are implementation
details. Draw is actuaily a behavior or function of a group of objects, and is not a
class. Line, Point, and Color are attributes of the geometric shapes. Al the moment,
it is hard 1o say which of these are useful enough and complex enough to qualify as
classes. For now, we think of Poinl as a likely candidate.
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Based on the problem, it seems that the remaining four— Triangle, Ellipse,
Rectangle, and Screen— are strong class candidates.

Step 3: Assign Behavior to Classes

Our problem description prescribes most of the required behaviors for the geometric
shapes: Draw, Move, Size, SetColor, and so on.

The Screen class is uscful for several purposes. First, shapes must be drawn on
some surface, and this surface itself might have attribules and behavior: color,
dimensions, rato, ct cetera. Also, a common problem associated with drawing
individual objects is keeping track of interactions between shapes. For example,
when one shape moves, it might uncover another that will have 1o be redrawn. You
might choose 10 put Lhis knowledge at the Screen class level.

The Point class has a very simple interface composed of get and set functions.

Steps 4 and 5: Identifty Communication
Between Objects and Identify Class
Relationships

Which objects of which classes need cooperation from other classes? Well, each
shape has a center (contains Point), so when a shape moves, that cenler must be
changed (communication). And if the screen is 0 manage shapes, it must be
informed when a shape is created or when it changes position or size. [f that is the
case, it would be beneficial 10 be able to update the view by having the Screen class
send a message 10 all current shape objects so that they draw themselves.

Note that for all communications, the corresponding class must have that invoked
behavior.

At this point, you also factor out the common behaviors and attributes of Triangle,
Ellipse, and Rectangle, and place them in a common base class, Geometric Shape.
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Step 6: Impiement the Classes.
Using the approach outlined above, the cards might look like this:

Class Name: Geometric Shape @bstracliConcrete |

Parent: _
Children: Rectangle, Ellipse, Triangle

Behavior: Communication:
Draw() Setx() => Point
Move() Sety() => Point
Size() Register() => Screen
SetColor() - UpDate() => Screen
(etc.)

Embedded Objects:

Center Point (for Ob]ECt center)

Class Name: Rectangie : Abstrai

Parent: Geometric Shape
Children:

Behavior: Communication:

(see Geometric Shape){ (see Geometric Shape)
SetHeight()
SetWidth()

Embedded Objects:
(see Geometric Shape)
n‘cwmc-d.w‘no oo mm“ A AN A o Dy N T S AT Braiel
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Class Name: Screen -

AbstrackConcretp

Parent: 3
Children: :
i

Behavior: Communication: ;
Register() i
Update() Draw() => Geometric Shape {i
Refresh() i

k

Embedded Objects:

Kl R AL A TRV SR, SRR AT

T T T T e
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Class Name: Ellipse

Parent: Geometric Shape
Children:

AbstracConcrétd E
4

Behavior:

(see Geometric Shape)
SetMajorDia()
SetMinorDia()

Communication:

(see Geometric Shape)

ATl i P TN

Embedded Objects:
(see Geometric Shape)

e A N AR TR U - B B AR AR AT WA AR R

b
&

Class Name: Point AbstrackConcre %
Parent:
Children: :
Behavior; Communication:
Setx(), Getx() 5
Sety(), Gety() :
Delta()

;

Embedded Objects: ‘g
P T T A RS o e e TR MR TR TR T, §




Module 2: A General Approach fo Object-Orlented Analysis and Design

Lab 1: Fundamentals of Object-Oriented |
Design
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2. Overview
Slide
Objective .
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n ISeIﬁrgbdedcmﬂeq:ﬁas o
This is the first of four modules that explain the fundamentals of the Visual C++
language. )
Module Summary _
In this module you'll build your first program. This module will form the foundation
for most of the rest of this course, as well as all the Visual C++ programming you
will do from this point forward.
éey Points Objectives
over . i
objectives to At the end of the module, you will be able to:
level-set » Edit source code. ]
student _ . . _
expectations. = Build a simple QuickWin executable.
s Use context-sensitive Help to obtain information about the C++ language.
= Write preprocessor directives.
Delivery Tips s Create a main function.

Module covers
three major
areaqs:

* Anagtomy of a
C++ source file
*VC++
Development
Environment ot
a high level
*C++
Statements and
keywords

Lab

The Basics
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Slide
Objeclive
Cover quickly '
to set history of » Kanighn &RitchieC AMdieve Languxpe
language. i
9uee = ANSI CStendtrdzdtion
= G+ ASuparse of ANSIC .
= “Ci+ls aBelter C
s Shider tyededking
» Nowpamcird ayxtities
» (ed-dlerfedatifias
The C language was developed by Brian Kemighan and Dennis Ritchie at AT&T
Bell Labs in the early 1970s. Their goal was to produce a portable, efficient,
flexible language, that wou!ld maintain the capabilities of a high-level, procedural
language like Pascal, but still allow some of the “close to the machine” capabilities
of assembly language. This original version, now known as K&R C, was later
standardized, with slight modification by the American National Standards Lnstitute
(ANSI) Committee X3J11. C was first used as a systems language — UNIXe,
Microsoft Windows, Windows NT™, O5/2@, and the Macs operaling systemn are
largely written in C— but it later became popular as an applications language also. -
Today it is the most portable of all computer languages.
In the early 1980s, Bjarne Stroustrup at AT&T Bell Labs used C as the bedrock of
a new language that came to be known as C++. C++ is largely a superset of ANSI
C, with additional features at both the procedural and object-oriented level:
Key Poini »  Stricter type-checking guards against inadvertent errors caused by badly
ng ero nis mismatched data types. C++ is siricter than ANSI C.
language = C++ adds powerful new procedural capabilities such as inline functions,
features briefly function overloading, and default argument values.
J\—AQS.C': detail w C++ supports the OO paradigm mainly through the c/ass construct, which is an
terminology is extension of the structure construct in C.
new tQ
students, C++ 15 still a new language. While there is a standing International Standards

Organizations ANSI committee (X3J16) in the process of standardizing C++, the
current reference work on C++ is The Annotated Reference Manual, by Bjame
Stroustrup and Margaret Ellis. As of Lhis writing, the newest version of the
language is AT&T release 3.0.
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Anatomy of a Simple C++ Program

Slide
Objective
ldentify major
characteristics
of program
code.

E

3 H
/2 OBBLLO.GCER feund in Ndemos imed ) 4emmm A Comment  §

k

tinclude <iostream.h>dsmmm A Praprocessor Directive

madn ( voig ) .

Commenls //HELLO.CPP found in \demos\mod3

In C++, code is annotated with commerns like this one. Two styles can be used.
Comments that occupy multiple lines are typically enclosed within forward slashes
and asterisks: /* <comment> */. Single-line commenis begin with double slashes ~
and continue to the end of the physical line: //<comment>.

/* This is a comment! +/
.; //Thia is a comment, too!

Tip Comment your code liberally,

Preprocessor Directives #inciude <iocstream.h>

These are instructions for the preprocessor, which reads all of the source code
before the compiler starts to create binary code. It performs a number of editorial
tasks, such as stripping out comments, searching and replacing tokens, and adding
code from other files. In the #finclude statement above, the preprocessor is adding
information about the cout object used in the body of the main function. (This
module will cover preprocessor direclives in more detail.)

The main Function

The main function is the entry point in a C++ program. It is the first section of code
10 be executed. When the main function retums, your program lerminates execution
and control passes back to the operating system. Every C++ program must have one
and only one main function. In this program, the main function requires no
arguments (void) and returns an integer. For that reason, the last line in the program
is return (.
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Fundamentals of Edlhng Source Flles

Slide
Objective
Cover basic
interface of
Visual
Workbench.
Depth depends
upon student

Windows
interface.

experience with | -

: ite ﬁdn ‘,'_'Iew Eruled Brme D ug Jools Qpﬂuns wlnduw Hcl'n ﬂ

1}'_“{E ‘ ,7: ‘:,- ............................. I. o

STIN PE - lotimd im \deris Liapia
hm:lude (iostrean h) Tool
int main{ void ) oofbar
{

cout ¢ "Hslle. worldsa”.
return 4.

The Visual Workbench is an integrated source editor, compiler, and debugger. It is
a Windows™-hosted appiication that behaves according 1o the Microsoft Windows
Application User [nterface Guidelines. It uses the multiple-document interface,
which means that more than one source file can be open at a time.

The Visual Workbench main application menu ercompasses the entire functionality

of the editor, compiler and debugger.

The Visual Workbench toolbar provides shoricuts to commonly used fearures.

. The Visual Workbench status bar provides messages and information, including

compiler and linker errors, process status, and so forth.
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Fundamentals of Editing Files -

Slide
Objective
Assure students
that VWB has
the standard
editing features
they are
accustomed 1o
using.

" Microsoft Visual C o+ - HELLOMAK <35 HELLO.€PP

- Elre E€dit ew Project Eme Debuq Iools Qudona ‘Mndnw Heip

b S ;urd"11.\ﬁclc3 s xpla
fincluda (loctreas hy
1nt main( void )

cout (¢ “Hallo, worldwa®;
roturn

Delivery Tips
Watch students
and assist any
inactive
students
immediately —
before they ask
for help.

Use the File Menu in Visual C++ to:

1. Start a New source file.

2. Open (and locate) an existing source file. =
3. Save and rename (Save As) an existing source file.

4, Print out a source file.

Use the Edit menu to:

1. Cut, Copy and Paste portions of source code. You can also use the “shortcut
. keys”.

2: Find and replace text.

Student Activity

Enter, but do not compile, build, or execute HELLO.CPP.

Reference
Refer 10 “Using the Editor,” in the Visual Workbench User' s Guide
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Slide
Objective

All of the
language.
library, and
tools
documentdation
i$ Cross-
referenced and
available online

cbjects.

via the Help

system.

For Your Context-Sensitive Help

I_nfo:rr_|gﬁon Whenever you have question about a portion of the Visual C++ product, you need
cout” isan . . .

object. Help is pnly press F1 to gel Help on the topic. Not only does the F1 key 1n_vokc Help, but it

available for is context-sensitive as well. Suppose you don't remember what #include does: You

C/C++ can lock it up in the paper-based documentation, or you could place the cursor over

keywords, data | the word #finclude and press Fi. A second overlapped window would appear on

types, classes, your display with #include information from the Visual Workbench Help system.

syntax, and Try it

more ~ not
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Slide
Objective
Simple, quick
activity to set
VWB to create
a QuickWin
Application
(.EXE)

Setting Compile Options

Project Qptions

Demo )

Set basic compiler options by following these steps:

RS G S

From the Visual C++ window, choose the Options menu.

Choose Project.

The Project Optons dialog box appears.

In the Project Type list box, select QuickWin Application (. EXE).

Move to the Customize Build Options field and choose the Compiler button.
This displays the Compiler Options dialog box.

In the Category list box, select the Custom OpLionS option and change the

. Waming Level from 3 to 4. Then select the Listing Files option. Uncheck the

Browser Information option by clicking it. Verify that the X is removed.
Choose the OK button to dismniss the Compiler Options dialog box.

9. Choose the OK button to dismiss the Project Options dialog box.
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Compiling Building, and Rebuilding Programs

Sl'de Fllc Edit View Browse Ocbug Tocis QpHons Window I’_‘lelp
Objective s g=iane pe
Introducto™ P Hew.. b
tour of the 7 BRLLG CBE i oy T
PrOJect menO 2include c1ostpq S0
Only need ! e (sona) | Comalle File HELLO.CPP CuiiFe
Cover Build- ot enead) | gy HELLo.BE ShifteF8
Rebudd an cout ¢¢ ‘He] Rebuild Al HELLO.EXE AM4FB
EXEC te Toturn 0, Mg rpad
ute. Execute HELLO.EXE CiteFs
et Popmiedenin
Dheomep AT :Es-:_-r-'-.riz—..--.-:':
Load Workspace »
7 3 ~ Save Warkspace -
fir 1 SA.\DEMOS\MOD16\DYNAMICZ MAK sl
2 DAMSVCISAMPLE S\SNOOASNG OP MAK
1 D7, \OWHELLO\QWHELLO. MAK

K| .A\SORTDEMMHE 0.MAK

You can compile, build, and rebuild all source files in your application from either
the menus or from three buttons on the toolbar.

;{ Ellc Edn ![Iew Project ﬁrnwse D_ehug Ionls Qptions ﬂlndow ﬂelpﬁ

Compile Bulld Rebuild All
—_— = Compiling a source file results only in an .OBIJ file.
Delivery Tips . . . . .
Students aré » Build attempts to generate an .EXE file by compiling and linking. This operation
familiar with only occurs when changes have been made to the source file.
Sﬁ{,"g"fgb’{;“'- » Rebuild All forces a compile and link that generates an .EXE file.

X

Defer question’

on those topiC$ These topics will be covered more completely.

for the second
page

(following).
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Slide
Objective
Quickly define
QuickWin as a
character-
mode
application that
receives Q
typical.
Windows
application
interfgce. NO
coding is
required to
receive the
menus,
windows. etc.

. . HELLO |
Edit  View State Window Help

StdiniStlouyStden

o

’;-z:?'/’-vi Ay e BT

Key Points

This course only
uses the File
menu Exit
command or
CIRWL+C to
close.

Purpose for QuickWin Executables

QuickWin offers a set of transtalion libraries and compiler options that allow you (0

_ produce a Windows program with a minimum of Windows coding.

" QuickWin User Interface

File: Exit

Edit: Mark, Paste, Copy Tabs, Copy, Sclect All

View: Size to Fit, Full Screen

State: Pause, Resume

Window: Cascade, Tile, Arrange Icons, Inpul, Clear Paste, Status Bar
Help: Index, Using Help, About

Reference

Refer to “QuickWin Programs,” in the Programming Techniques manual.
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What Does the Build Process Do?

Slide
Objective
Farniliar to
programmers in
all languoges.
Cover quickly.
Ask for
questions.

..............................................

...............................

u;ectFnlea_[.. .anker W}... .r lerana»s J

T

' mlihcawq I

7"Exou.|lahla FIeE Coe

hd!o.nxn

Delivery Tips
Ask for
questions. End
of big-picture
focus. Moving
to statement
focus.

The Process of Building a Program

The {irst step in the process is creating the C++ source files. When you invoke the
compiler, the preprocessor runs; then the compiler runs, creating an object {binary
code). Finally, the linker supphes all the statically linked code that your program
has asked for. ’

What Does the Preprocessor Do?

The C/C++ preprocessor makes the first pass through the source code. As itdoes
this, it strips out comments, adds in the .H header files, and makes replacements as
defined.

What Does the Compiler Do?

The compiler takes the preprocessed file and converts the source code into an object
module that contains machine-language instructions, In crder to be compulable and
linkable, a C++ program must have a function called main, which serves as the
program'’s entry point Typically, main serves as a “driver” function—the real
work is done by the functions that are called by main. While main isn’t technicaily
a reserved word in the C++ language, it should never be used anywhere but as the
name of the entry-point function.

A progfam's actual code must be placed between a function's braces. If the example
above were coded, it would show only one function: main ().

What Does the Linker Do?

The linker forms .EXE files by combining object files. The linker can locate these
files from compiled modules, existing object files, and from within libraries.
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Statements

Side i -
Objeclive a Sicdemends Arethe Smdlest Executchie Unit of aCa+
Change focus - Progam

to statement ) ‘ ‘

level. Define s Tyoadly aharelire, bt oy sponuliijelines
statements with : ) ) :
 syntax. = Cormpound Stctemrents

-u Endaseding} N
. Exeqiedlnseqmuﬂﬁhﬁ‘e[bod(}

= Stctarent Flow Contrdl

Statements are terminated by a semicolon.

A null statement

1s permissible in C++. The presence of unnecessary statements will not cause
compile-time errors. You will retumn to the study of statemenis in the next module,

Statements, by default, are executed sequentially within the body of a function.
. There are flow control statements (such as if, if...else, and while) that cause
" execution of statements 1o follow other rules. This subject will be revisited in an -
"upcoming module.

Note Compound statements are similar to a COBOL paragraph.
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C++ Keyv rds

S| \

Objeclive

Looking at a

tower level. ;

;?:Trgnents wil Color Coding In Visual Workbench Source Code

use a C++ -

keyword. C Keywords Bilue -

C++ Keywords Red ;
Comments Grean i

C++ Keywords

Delivery Tips The following keywords are reserved for C++:

HELLO.CPP asm Noat signed

:;332:31?++ auto for sizeof

int main break friend static
case goto struct
catch ir switch
char inline ' template
class int this
const long throw
continue new try
default operator typedef
delete private union
do protected unsigned
doubie public virtual
else register void
enum return volatile

extern short while



Module 3: The 2asics 57

The following keywords are reserved for both 16- and 32 bit Microsoft compilers:

__asm __export __near
__based __fastcall __segname
_cdecl __loadds

The following keywords are legal for only 16-bit targets:

_far __interrupt __segment
_fortran __pascal _self
__huge __Ssaveregs
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Slide
Objective
These are not
C++ language
statements.
They are
standard
instructions for
the C/C++
compilers,

= findue
#include <iostream.h>
tinclede "mylib.h"

finclude “mine\include\mylib.h"

= #ckfine
fdefine PI 3.14159
¥define TAX RATE 0.0735

What Are #includes?

An include directive tells the preprocessor to include the contents of the specified
file at that point in the program. Path names must either be enclosed by double
quotes or angle brackets.

In the first example above. the <> tell the preprocessor to search for the included
file in a special known \INCLUDE directory or directories. From the command line,
this directory is specified by the INCLUDE= environment string (usually set in
AUTOEXEC.BAT). It the C++ environment, this directory is specified in an
Include Files Path text box. (You gain access to that text box from the Options
menu. Choose Directories to display the appropriate dialog box.)

In the second example, the double quotes (") indicate that the current directory
should be checked for the header file first. If it is not found. the special directory (or
directories) should be checked, as detailed above. The third example is similar, but
the named relative directory \MINENINCLUDE is checked for the header file
MYLIB.H.

Relative paths can also be preceded by the \ or .\ notation; absolute paths always
begin with a\

Header Files (.H)

Header files contain declaration information for functions or constants that are
referred to in programs. They are used to keep source-file size to a minimum and to
reduce the amount of redundan information Lhag must be coded.
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Delivery Tips
Ask for
questions,
Prepare to
move to next
topic within
module:

What Are Manifest Constants?

The #define directive is used Lo tell the preprocessor to perform a search-and-
replace operation. In the first example above, the preprocessor will search through
the source file and replace every instance of the 1oken PI with 3.14159.

After performing the search-and-replace operation, the preprocessor removes the
#define line.

There are two purposes for defining and using manifest constants:

= They improve source-code readability.
n , They facilitate program maintenance.
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SIMPLE.CPP

Slide
Objective
Examine code
and identify
elements listed.

// SIMPLE.CPP found in \demos‘\mod03
#include <iostream.h>
#define KBYTES 1024

int main({void)

{

int nMemory;

nMemory = KBYTES * 4:

cout << nMemory << " bytes is not enocugh.";
return 0;

Delivery Tips
In addition to
the definition of
maing)...
students should
pe able to
locate these
items.

Use VWB to
open the file,
builld, and
execute.

The sample application on the slide comains the following elements:
® acomment

» aninclude

® a manifest constant

s avariable

s four stalements
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Slide
Objeciive
Introduce the
lat instructions.
Run the
executable in
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directory. Have
student reqd
the Scenario
and lab
introductions.

Delivery Tips
Be proactive.
Don‘t wait for
questions. Help
any student
that appears
apprehensive.
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Y, Overview

Slide
Objective
Provide an
overview of the
module
contents.

» Expressians, Stdermenis and Corrpound Stctermenis

. = Funcomentd DotaTypes

» Definingandinitidizing Varickies

= Corstants ondRadces

s Theoorst Keword

a Chaadter DadaTypes

a Strings

= Naring Cowentions

» Types of C++Opardiars

Module Summary

In Module 3, you created a simple program without much knowledge of its parts. In
this module you'll explore the fundamental program unit, expressions.

Though the compact syntax of the C++ language may be a bit different from what
you are used 10, you will find that the underlying logic of expressions is sirnilar to
what you have seen before in other languages. All the data types and operators that
the C++ language supports will be listed, but, you will be focusing on only a few
that will be important for the programs you'll code in upcoming modules. You may
want 1o mark the data types and operator precedence pages for future reference.

You will need to be able to wrile expressions in order to implement functions, the
subject of the next module.

Objectives
Upon completion of this module you will be able to:

Write simple expressions.
Create and use variables to hold data.
Use some operalors to manipulate variables withir: :xpressions.

Use literals to initialize variables. :
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Expressions, Statements, and Compound
Statements

Slide
Objeclive

The audience
knows
expression and
statements.
Introduce the
C++
differences.

= Exgressions

s Thesimdest fom vaidde(R liled

s orronfom eqression cparda eqression
u Sicdemenis

s Thesmdiest exsodddeunt

= Temindedwihaseriadan

« Covnurdsicares cregom:MHnucdm saroff
byrams| }.

Expressions and Statements

To relate these two concepts to the English language, expressions are like clauses
and statements are like sentences. Expressions are not executable on their own;
statements are. Statements can be made up of expressions. They are terminated by
semicolons.

Many expressions are data manipulations,

The simplest expressions are just a variable or literal. They involve no
manipulation:

nUpperLimit

5

All expressions result in a value (including the simple exampies cited above),

More commonly, however, expressions are made up of operands and operators.
Operands are the data, represented either by variables or literals. (You will examine
the predefined C++ data types in the next few foils.) Operators can be unary,
binary, or temary. A unary operator requires only coe operand, a binary operator
two, and a temnary operator three. You can form complex, nested expressions.

{(nLowerLimit + 10)* (nUpperLimit =~ 20}

You can find a list of atl the C++ operators and the precedence with which they are
evaluated in Appendix B.
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Key Points
Use of braces
to denote a
statement
block is Q new
concept. Similar
to COBOL
paragraph (just
somewhat like
a COBOL
function),

Statements, as mentioned earlier, are the smallest unit of execution in C++
programs.

Null statements are allowed.

; //Null statement

“Do-nothing™ statements will not generate compile-time errors.

5; //do-nothing

Statements serve a number of different purposes in C++ programs, for example:

nUpperLimit = 200;
return 0;

//assignment
//return statement

You will examine a number of other types of statements in later moduies.

Statemnents can be grouped into sequences using curly braces. These are called
compound statements or blocks. A compound staternent can be used in place of a
simple statement.

C4+ is a block-structured language, meaning that groups of statements are executed
as an indivisible unit. In fact, the body of a function like main is nothing more than
a block. This important concept forms the comerstone of the next few modules.

y
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Slide
Objective
Explain the
{inverted)
hierarchy of
data types
offered by C++.
Students only
need char, int,
and long to get
started!

Fundamental Data Types

char -

unaigued char 3 -
ahort S —

unsigned short
aigned int
kgignod int
aigned long
unsigred long
float

double

loag deubla

T

T —_———m—=

Delivery Tips
Note: 16-bit
target. For other
machine
targefts. you
¢an determine
ranges by
examining the
contents of the
include files:
LIMIT.H and
FLOAT.H

16 bit implementauon

Type Size Range

char 1 byte -128 10 127

unsigned char 1 byie 010 255

signed char 1 byte -12810 127

short 2 bytes -32,768 t0 32,767

unsigned short 2 bytes 0 to 65535

int 2 bytes 32,768 10 32.767

unsigned int 2 bytes 0 10 65535

long 4 bytes + 2.1 billion

unsigned long 4 bytes 010 4.2 billion

float 4 byes +34x100+23

double 8 bytes + 1.7 x 107 £ 308

long double 10 bytes - t3.4x100~493210
1.2 x 1074932

Currently the three char dala types are guaranteed 1 be 1 byte in length, but the
other data types are machine-architecture-dependent
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Defining and Initializing Variables

Slide
Objective
Declaring a
variable orders
the compiler to
create space

at run-time. i:: = 200 :
Declaring and int 1(200)‘,' ]
inhializing a
variable defines
a vaiue for that
space.
C++ supports
three styles:
Point + Before a variable can be used in a program, it has to be defined. A definition is a
Ex%ymplenl? nonexecutable statement that consists of the following parts:

declares space.
Examples 2 and
3:

declare space
and set the
value,

Example 3 is

- |analogous to
using a
constructor on
anint.

a A data type

s A variable name

e An optional initializer
e The semicolon

As is shown in the foil, the initial value can be coded in two different ways.
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Stide
Objective

The inthialization
values and
other constants
use a prefix ro
denote the

base-10, etc.;
and a suffix t¢
denote data
type (defauit is
int).

radices (ba:=-

..................................................................................

» Spadfies Onstads .. irds ) for the f Lickmentd
DctaTypes

= Integrd DaaQonstents Con Be Spedifiedin Dedrmd,
Coid, o Heddedmd Raioes.

Integral constants (or literals) may be represented in decimal (base 10), hexidecimal
(16), or octat (8) radices.

The Ox or 0X prefix specifies a hexidecimal constant.
17 decimal is Ox11 )
The zero prefix specifies an octal constant.
17 decimal is 021
By default, an integral numeric constant is of type signed integer.
The | or L suffix forces an int to a type long.

OxA49COL

The u or U suffix forces an int to type unsigned.
500000

Any constant containing a decimal point or an expornent is a double floating point
type by default Floating point numbers may only be represented in base 10.

The f or F suffix forces a value to type float.
3.2345e3F
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The const Keyword

Slide
Objective
Explain the
“const”
maodifier in the
grena of read-
only variables
(not the same
as a manifest

] _Spadﬂs Tha aVaidde's Vdus Cornct BeChonged -
« Syntex for Initididng aconst DdaT ype
a cast i hyee vaidoe = initd vde

unsigned and
long).

constant) ® const float PI = 3.14159f;

Delivery Tios | The const keyword provides a way 1o provide data to your program symbolically
const isr!, w%e without allowing your program to change it. [n the example above, you may want to
modifier (ike | Provide the universal value PI 1o functions making geometric calculations. [t is

cumbersome to have 10 use the literal value if there are lots of places that it is
needed. Further, if ancther programmer looks at your code, the symbol Pl is
immediately identifiable.

Recall from the last module that you can use a #define preprocessor directive to
create a manifest constant—or an unchanging value. The difference between a
const variable and a manifest constant is that the #define causes the preprocessor (o
do a search-and-replace operation throughout your code. This sprinkles the literal
(specified in the #define) throughout your code wherever it is used. On the other
hand, a const variable allows the compiler 1o optimize its use. (Compiler
optimizauon is outside the scope of this course.) This makes your code run faster.
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Slide
Obijective
Typically half
the sze of an
intfeger, the
char data type
represents
charqcter (or
byte or word) of
information.

Character Data Types

» Achcris Just oSl Infegrd Encodingdf @S
haader Vidue? b

= ASCH Is aStandord EncodingScherrafar Smdl
Corpieas. _

s HaddoTypeChaadeas Are CenRepresented by
Escocpe Sequancas.

........

Check the documentation for the ASCII table.

Escape Sequence Character ASCII Value
h)! newline 10
\ horizontai ab 9
W veriical tab 1l
b backspace 8
N carriage return 13
¥ formfeed 12
\a alen 7
A\ backslash 92
\? question mark 63
A single quote 39
\" double quote 34
000 octal number any
\xhh hexidecimal number any
0 null character 0
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Strings

Slide
Objective
Cover string
literals and NULL
characters.
C++ does not
have q string

= Strings AreaSeries of Contiguaus Chaaddars
« G+ Supparts Literd Strings Such As

"This 18 a literal string."

Eschew arrays
topic.

data type.
« C++Strings AreTamindedwith aNULL Oharecter
» Varicties T O Crcln Crarccter Stings Aro
Knowncs cha Arras
Delivery Tips Arrays of strings are an advanced topic.

The data type of a string literal is a char pointer. You will explore arrays and
pointers in a later module.



74 Module 4: Basic C++ Syntax, Data Types, and Operators

Naming Ccnventions

varables!

7 T
Objeclive
Explain the .
benefits of = Whd's inaName
encoding
variable names . LGUL‘QBFUG
with G char or
o thot s Maraicregesenicion
denote the e lrd@\e X ’
data type or oel
major usage of
the variable.
Naming Conventions
There are a few rules that you should keep in mind when naming variabies:
1. Youcan't use reserved words.
2. The first character must be a letter or an underscore.
3. Other characters can be letters, numbers, or underscores.
4. Only the first 31 characters are significant.
Naming conventions exist for all identifiers in the language: vaniables, functions,
structs, and classes.
For inforration about Hungarian notation, refer 0 Appendix A. It is a naming
convention that Microsoft supports and encourages.
Key Points Typical prefixes mcludei
Takes very little Prefix Meaning
time to code.
‘| Saves hours of f flag
time looking . .
back over Sz zero-igrminated soring
pages and i mdex
pages to look usuall .
up a variable’s n ammber ¢ y an integes)
definttion. 1 long
Self- _ u unsigned long
documenting p poinser
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Slide
Objective
Introduce final
topics of the
module.
Explain unary,
binary, ang
ternary in terms
of therr

Types of C++ Operators: An Overview

" » Unay, Binary, Temay
« Arithrretic Cparclrs
» Assignrent Qpardars
» Assignment end Initidlzlion

operands.
» Incremert cnd Decrement Cparciars
» TypeConversians
Definitions
Unary operators take one operand.
Binary operators take two operands.
Temary operators take three operands.
Delivery Tios Several of the operators in C++ are covered in this module. The relational and
efvery 'lp logical operators are covered in the next module. Bitwise operators are not covered
Have students all. The dvanced topi
locate the at all. They are an advanc pic.
Operator
Precedence Note See Appendix B for the Operator Precedence chart.
Chartin
Appendix A or
in the
documentation
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Arithmetic Operators

subtraction and
division.
Example in
COBOL:
SUBTRACT A
FROM B GIVING
c.
in C++ code:
C=8-A:

C is assigned
the value of B
less A.

Slide
Obijective
Quickly explain
these binary, .
arithrmetic :
operators. + Addition :

- Subtraction . 4

*  Mutltipilcation ;

/  Division

% Modulus
Kev Points In C++. arithmetic operations are consistent with the way they are performed
C+! arithmetic mathematicaily: multiplication and division take precedence over addition and
operators are subtraction. and so on. Expressions eaciosed in parentheses are evalualed first. The
NOT the same | fules for associauvity and commutivity are maintained.
as COBOL. The | 1, i< possible to generate numbers that overflow the size of the data to which
axception is the possible to generate numb overflow the size of types to whic
FROM verb they are assigned. Errors of this sort do not generate run-time errors. C++ will not
usad in round off values.

The cornpiler will reconicile mismaiched data types automatically through promotion
and truncation. These two concepts will be covered in a later foil.
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Assignment and Initialization

Delivery Tips
vaiue and
nalue are
defined next

page.

The following code fragment shows you a couple of methods for declaring and
initializing variables.

¢include <iostream.h>

int main(veoid}
{

int x;

int y = 25; .
int z(26);

x = 24;

return 0;

)

When a variable is created, it can be given an initial value:
int x = 3;
This is not considered an executable statement; it is a definition.

Once a variable has been created, it can be assigned a value as an executable
instryction in your program:

X = 5;

The left side of the assignment operator must be a variable or other maodifiable
entity, known collectively as Ivalues.

An rvalue is any expression that resolves t0 a value.
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Assignment Operators

« Sivple Assignment
= L -Vdues andR-Vdues
= Qormpound Assigrment
s Mitigy od Gsign
a Dhvickodasign
s Ml ordasion
® Addardasicn
» Surafaoasigy

S F R

An assignment operation writes the value of the right-hand expression or operand to
the storage locauon named by the left-hand operand—an L-value. After the
assignment occurs, the assignment expression has the value of the left operand.

A common programming practice is to add a value to a variable. as in x=x + 3. A
shoricut notation, compound assignment, allows this statement Lo be expressed as

x += 3. Any operations that use the L-value and R-value properties of a variable
written as <L-value> = <R-value> <operator> <variable> may be rewritten as </-
value> <operaior> = <variable>.
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»

Increment and Decrement Operators

i+ Posttix Increment ‘
++1 Prefix Increment E
t-- Postfix Decrement [
--1 Prefix Incremant ;

Prefix and postfix operators incrernent and decrement their operands according to
these rules:

s They obey the rules of unary operators.
+ =» Prefixed increment and decrement operators add or subiract 1 from their

operands prior to the operand being used. The R-value of the expression is Lhe

resuit.

» Postfixed increment and decrement operators add or subtract 1 from their
operands only afier the value of the operand has been used within the
expression,

For example, given

int y, x = 10; // ¥ i3 undefined and x is 10
y = ++x; // with prefix increment
Y = X++; // with posatfix increment

Key Point

y is assigned 11
before the
postfix makes x
a2

yis 1l and x is 12.
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Slide
Objective
Explcin
autormnatic
transiations of
standard datc
types through
truncation and

promotion.
Contrast to
user- controlled
use of type-
casting.
In C++, most binary operators require that operands be of the same data type. If
they are not, the compiler implicitly changes the data type of one operand to match
the other.
Nomally the compiler seeks to promote the smaller data type operand to the same
data type as the larger operand. For example:
3.14 + 1 / 'p’
Key Points This is seen by the compiler as:
Use Operator double + (int / char)
Precedence
Chart to explain| It resolves the expression within the parentheses by promoting the char o an int
why (int / char) | (anint/an int = an int):
occurs first,

double + (int)
To resolve the double + an int, the compiler must promote the int to a double.

Occasionatly the compiler will need to specify truncation. During assignment, the
rvalue must be the same data type as the Ivalue (variable). If there is a mismatch,
the rvalue will be truncated:

int x;
x = 3.14;
If you were to display x, you would find it has the value 3!
Truncation and promotion occur without generating run-lme error messages.

Type casting variables to another type is the most effective way to control the
effects of promotion and truncation.



Module 5: Relational and Logical
Operators and Flow Control
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Y. Overview

Slide
QObjective
Provide an
overview of the
module

................................................................................................................................................

« Rddiond Cpardars
= Logod Cperdors

contents. . ‘
= FlowCorird Stdements

Module Summary
By default, C++ statements within a function are executed in a sequential manner.
There are a number of ways to alter this flow. As we have seen, a return statement
executed by main will pass control back to the operating system. [n this module,
you will leam how 10 code conditional and looping statements.
Objectives
At the end of this module, you will be able to:

Delivery Tips a Use logical and comparison operators.

Coverthe s _ Use relational and equality operators.

ot;jecﬁves to » Use if..else statements.

se

expectations n Use while and do...while loops.

for the module.

COBOL s Use for loops.

programmers
already know
Q0% of this, go
very fast!

Use switch, continue, and break statements.

Lab

Using Staternents and Expressions
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Relational Operators

that given x, Q
two-way test is
not logicat.

The next page
explains the use
of logical
operaters to
join relation
conditions.

Dellvery Tips

A third warning
concerns
inserting a
space between
the characters.
=="lsa
syntax efror.

Slide

Objective *

COBOL

supports all « EqdTo =

these relation -

condition » NotEqud To [=

operators. ‘ -

Spoof. Cas = Less Than . <

does not » GedeThn - >

support the

word o lasThena EqriTo <=

equivalents of ,

GREATER THAN, s QedaTheona EgxiTo >=

etc. . .
Features of Relational Operators
Associativily is from left to right. The left and right operands are evaluated, and
then the operator is applied to give a resulL.
If the expression is determined to be false, the resolved value of the expression is 0
(zero) of data type int. A true expression resolves to some non-zero value, typically
1. As you will see in a moment, relational expressions are often used as conditional
or looping test expressions.

Delivery Tips How would the compiler evaluaie the following:

Quickly explain | int x = 20;

10 <« x < 5

It is evaluated from left to right, testing the first logical pair (10<x) to determine an
outcome. In this case, the compiler reumns TRUE (most compilers value TRUE as a
1 or some other non-zero number). Next, it evaluates that result against the next
operand (TRUE < 5). [llogically, given x=20, the two-way test 10<20<5 would be
TRUE. The next page shows how to implement this test correctly.

Warning

Typographical errors happen frequently when these operaltors are used:

s Egual 10 is represented by the operator == (two equal signs). Equal (0 is easily
confused with assignment = (a singie equat sign).

a Inequality is represented by the operator '= (an exclamation point followed by
an equal sign). It is easily ransposed to =!, which is an invalid characier
sequence.
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Logical Operators

Slide
Objective

Use these
logical
operators to
join logical
expressions in a
meaningful
way.

s Logod AND &&

» Logad (R - ]

s logad NOY . |

» Quranteed Qrder of Evdudtion
» SM-Qmiﬂng |

Features of Logical AND, OR, and NOT

The first two operators are used to combine multiple relational expressions to form
a compound test.

x > 10 58 x <5

The logical NOT is a unary operator that returns the inverse logical value of its
operand— from irue 10 false or from false to true.

Compound logical expressions using && and I are guaranteed Lo be evaluated from
left 1o right. Furthermore, the compiler wiil construct your code so that at the time
when the value of the entire compound expression is known, the appropriate action’
is taken and part of the expression may not be evaluated. This is known as short-
circuiting. For example,

int x = 0;

if (x '= 0 66 x < 100)

do something;

Since the first expression evaluates (o false, the rest of the expression is not
evaluated since false AND any other value always resolves to faise. The dependent
expression is skipped.

Conversely, in a compound that uses the OR operator, when the first expression
evaluates as true, the result of the entire compound expression must be true. For
that reason, the trailing expressions are not evaluated, but the dependent expression
is evaluated.
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AND and OR Operators

glde

i ve .

Wokmougn | (e <0 ey 0]
the various true- { '

table paths
showing the
difference
between
logical AND
and logical OR.

R;Isu!l

Li;(x<10)|| (y>w)} —

Key Points
Logical AND:
Requires both
sides of the &&
tobe True to
return an
overail True.

lf the left side of
AND evaiuates
to Faise, the

evalugted.
Logical OR:
Only requires
aither side of
the | | to be
True to return
an overall True.
It the left side of
OR evglugtes 1o
True, the right
side is not
evalygted.
Delivery Ti

End of
operators.
Moving to Flow
Control
subsection.
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Flow Control: Overvie

Slide
Objective
Name the
various
constructs angd
prepare to
move quickly
through the rest
of the module.

= TarayqEda ?

s swifch sidhgrent
= LoopingStctements

» whilelop

= da.whilelap

= forlop

Delivery Tips
Prepare
students to 0ok
at demo code
{online orin
their books).
Get them set to
move quickly.
COoBOL
programmers
already know
these
constructs.

Now that you are familiar with writing simple and compound conditional test
expressions, you are ready lo examine the conditionai and looping constructions
available in C++. Many of these should already be familiar from your past
experience with other modern languages.

In the following discussions, wherever a statement is required in the syntax. it can
be either a null statement, a simple statement, or a block of code (a compound
statement).

Conditional and looping statements can be nested to an arbitrary depth in C++.

C++ also has a goto statement Because its use encourages nonstructured coding—
also known as spaghetti coding — it will not be covered in this course.
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...................

do Actiont

For Your

Information

CQO80L

differences:

* Expression in {

Y's

* No THEN

clause

* “else
statement;” is

optional,

Syntax

if (expressicn)
statement; // Aectionl
alse
statement; // Action2
Given integer variables x, y, and max:
if (x >= y)
max = x:
alse
max = y;
cout << "maximum value is " << max;

The entire else portion of the statement is optional.
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Demc
ELSE.CP

, found in \DEMOS\MODO5. This demonstration shows use of the

if...else construct.

// ELSE.CPP found in \demos\mod(5
/{ Demenstrate if and if-else conditicnal flow.
// The expression should be encased by parentheses.

// preprocessor directive

#include <iostream.h>

// manifest constantas

fcafine B_KEY 'b'
tdefine CAPITAL_B ‘B

int main{void}

{

char ch;

cout <<."Enter the 'b' key for a beep: ":

cin >> ch!

if (ch == B_KEY) // test equivalence char vs char

cout << "Beep!"; // true
else ¥4 false
if (ch == CAPITAL_B} // another test
cout << "BEEP'!"; // true
alse
cout << "Bye bye":; // false again
raturn O; // Regardless of the input,

// return success (0 errors)
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Ternary Operator ?:

Slide

Objective - ettt e e e

Quickly explain

conational

arator within : .
e s Shrila totheit...dseStdement, But It Fors an
terminclogy. Expression
» Precedance Just Above the Assignmment Cpercler

The temnary or conditional operator closely mimics the function of the if...else
statement in C++. [1s main advantage is that it forms an expression, and expressions
can be used in many places where stalements are not allowed.

KBY Points cout << "maximum value is " << (x >= y ? x : y);

Ternqry

operator of: Tlp Avoid the temptation of over-using the temary operator. Use it only where

{exp) ? 51 - s2;

is anglogous to:

{exp) THEN s!
ELSE s2:

C++ syntax forces or suggests the use of an expression.
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switch Statements

Slide
1] <= o 112 - T O
Explain SWITCH
staterment switch Integral
processing. - :
Syntax
awitch (integral expression)
Dellvery Tips | | ? F
This is @ new case IVALL:
consﬂuct.ﬂovv statement; // case 1
down for this break:
page. case IVAL2:
atatement; // case 2
break;
" default:
statement;
break;

C++ switch statements, also called case statements, have the following limitations
and considerations: )

a Only integral expressions may be tested.

s Each case stalemen may only test against a compile-time integral constant.

a  Without the break at the end of each case portion, fall-through execution will
occur.

The switch statement should be used in preference to a nesled if...else whenever
these conditions can be met.

Tip Case logic is more efficient than nested if..else. This construct works well for
selting up a decision framework.
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Demos

POWERIL.CPP is located in \DEMOS\MODOS5. It demonstrates use of switch
statements with breaks.

// POWERL.CPP

found in \demos\modGs

// A typical use for the switch statement.
#1nclude <iostream.h>

int main()

{

// definition for main

long 1Number, lResult;
int iPower:

cout << "Enter a number: ";

cin >> lNumber;

cout << "What power do you want it raised "
<< "to? {1-5) ";

<in >> iPower;

switch (iPower)

{

// based on the user's input,
// perform a case section

casa 5: // only if user entered 'S5’
lResult = lNumber * lNumber * lNumber *
iNumber * lNumber:
break:
case 4: // statement (s} for '4°
1Reasult = lNumber * lNumber”* lNumber *
1Number;

break; // break jumps flow out of aswitch
case 3:
lResult = lNumber * !Number * lNumber;
break:
case 2: // notice ":" for each case
lRasult = lNumber * lNumber;
break;
case 1: // Any number raised to first
lResult = lNumbar; // power is itself.
break;
default: /7 rdefault” catches all other cases

cout << "Only powers of 1 to' 5 are "
<< "valid.\n"; // Show errcr to user.
return 1; // Prematura return from program!
}
cout << lNumber << "raised to the power"
<< iPowaer << "is" << lResult << ".\n";
return 0; // normal return from program
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POWER2.CPP is located in \DEMOS\MODOS. It demonstrates use of switch

statemenis with fall-through execution.

// POWER2.CPP found in \demos\mod05
// A non-standard use for the switch statement
// allows cases to fall through to the next case

#include <iostream.h>

int main{)

{

loeng lNumber, lResult:;
int iPower:;

cout << "Enter a number:";
cin >»> lNumber:;
cout << "What power do you want it raised”
<< "to? (1-5) "
cin >»>» iPower;
’ // optimistically, set lResult
lResult = lNumber: // to "first power”

switch (iPower) // depending on user's input...
{ // enter at the appropriate
case 5: // case location in the switch...
lResult *= lNumber;
case 4: // and fall from one case...
lResult *= 1Number:
case 3: // into the next...
lResult *= lNumber;
case 2: // again...
l1Result *= INumber:
case 1: // finally,
break: // a break! 1-5 all break here.
default:

cout << "Only powers of 1 te 5 are”
<< “valid.\n";

return 1; // Error return (still no break)

} // but the program is done.

cout << lNumber << "raised to the power"
<< iPower << "is" << lReault << ".\n";
retuzrn 0;
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Slide
OCbjective

A C++ while
statement is
COBCL's
"PERFORM n1
WITH TEST
BEFORE..."

Syntax

while (expreasion)
statement; // loop body

Note that there is no semicolon ai the end of the test expression line. The possible
number of iterations of a while loop is between zero and infiniry.
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Demo

WHILE.CPP is located in \DEMOS\MODOS. It shows the use of the while loop
CONSsIruct.

// WHILE.CPP found in \demos\mod05
// A while loop is processed zerc or more times because

// the test happens first - before the body of the loop.
finclude <iostream.h>

fdefine B_KEY 'b’

void main ()

{

// Local variables (undefined contents}
char ch = ' '; // muat be initialized or preset with
// a value before entering the "while."
cout << "Enter a 'b' for a beep: ";
while (ch !'= B_KEY) // while loop (conditional)
{ . // Body of the loop

cin >> ch: . // get input

if (ch == B_KEY) // another test (expression}
cout << "Beep!"; // true

else // false

cout << "Please, enter the 'k' key.":
} // End of loop. Loop continyes while the expression
// is True (non-zero), but stop at False...
// Notice the test used in the while is a != teat.
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do...while Loop

Stide
Objective

A C++ while
statement is
COBOL's
PERFORM N1
WITH TEST
AFTER..."

The body
exXec’s one or
more times.

Syntax
do

statement; // loop body
while (expression);

Note that there is a semicolon at the end of the test expression line. The possible
number of iterations of a do...while loop is between one and infinity.
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Demo

DOWHILE.CPP is located in \DEMOS\MODOS. It shows the use of the do...while
loop construct. -

// DOWHILE.CPP found in \demos\mod(5

// The body of a do-while is processed cne or
// more timas.

tinclude <ioatream.h>

// manifest constant
#define B KEY 'b’

int main{void} // definition for main func

{

char ch: // ch has undefined contents

cout << “Enter tne 'b' key for a beep:";
do |
cin.>»> ch; // ch has user's character
if {(ch == B_KEY)
cout << "Beep!”;
else
cout << "Please, enter the 'b' key.";
} while (ch !'= B _KEY); // loop reiterates while
// user'a ch != 'b!’
return 0; // (Note: single quotes)
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for Loop
Slide
Objective |
A C++ “for
statement is
COBOL's
PERFORM using
gll the options.
Modification }<—
Syntax
for (initializaticn; test; modification)
_Kev POIn’s - atatement;
intfiQlization” is
;/r?(f)?n\illNG vi Note that exactly iwo semicolons are needed inside the for’s parentheses. The
possible number of iterations of a for loop is between zero and infinity.
“test” is WITH A for loop is equivalent to the following while foop:
TEST BEFORE r100p IS equiv ° 0P
initialization;
“statemaent” is while  (expression)
PROCEDURE- {
NAME statement;
modificarion;
‘medification” }
is VARYING v

UNTIL
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Demo

FORLQOP.CPP is located in \DEMOS\MODOS. [t shows the use of the for loop
construct.

// FORLOOP.CPP found in \demos\mod05
// B for loop has four phases of execution.
tinclude <iocatream.h>

void main () // definition for main func

{
int iLCV: // integer Loop Control Value

cout << "The factors of 72 are: \n";

// initialization; test; increment
for (iLCV = 1; iLCV <= 72; 1iLCV++)

{ // body
if ((72 % iLCV) == () /7 of
cout << 1LCV << aendl; // the
} // leop
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...continue and ...break Statements

Slide
Objective
Explain
contnue and
break in
context of the
lcoping
constructs just
covered.

.................................................................................................................................................

while (expression)
{ ‘
statement;
i1f (expressiocn)

continue;

break;
I statement;

You have seen that the break statement is used in a switch construction to prevent
fall-through execution of the case portions.

The flow of loops in C++ can also be modified with break and continue
statements. When executed, break causes conmol (o pass immediately after the
loop; continue causes flow Lo pass to just after the last dependent statement in the

loop body.
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Demo

CONTBRK.CPP is located in \DEMOS\MODOS. It shows the use of continue and
break statements.

// CONTBRK.CPP found in \demos\mod05
// Contrast flow control differences:

/

continue vs. break

tinclude <icscream.h>

volid main{void} // definition of main func
{

int nNumber: // the following "while” is

// an infinite loop -- cout

// always is a positive value

while (cout << "Enter an even number:")

{

}

¢in->> nNumber;
if ‘((oNumber % 2) == 1)
{
cout << "I said, ";
continue; // "continue" restart loop!
}

break; // "break" exits loop!

cout << "Thanks. I neaedaed that'\n";
} // Note: A "vold” main cannot return a value.
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Lab 3: Using Statements and Expressions

Slide
Objective
Execute the lab
solution,

Explain the
purpose of the
lab.

Ask students to
read the
scenario,
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Function |
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Y Overview

Slide
Objective
Provide an

module
contents.

overview of the

= Wha AreFundions?
s Prdolypss ondHecokers
= Corrponenis of Funcdions -

« Argarents axdRehun Vdues

» Pcssing Arguments andRetum Vdues
» SivdeCH ProgamsShuchre

s Gabxd ve. Loodt Access

Module Summary

In the last few modules, you leamed how o creale a program by using variables and
basic operators to form simple statements. You aiso used looping and conditional
statements. As you will see, these siatements, are also used to form the body of
functions other than main. That is the subject of this module.

Remember that Visual C++ is a hybrid language that supports both the procedural
and object-oriented approaches. In fact, most C++ programs are not stricUy object-
oriented. They must contain the global function main, and they normally contain
other functions thai exist cutside of classes.

Objectives
Upon compietion of this module, you will be able to:

a Create prototypes for simple functions.

o Implemen functions.
e Specify the visibility of a program’s variables.
Lab

Implementing Simple Functions
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Slide
Objective
Describe the
pUrposes,
features and
sources for
functions.
Remind
students that a
function will
perform an O-C
‘behavior.”

What Are Functions?

» Tho"Blak Baxes” of Ci+Progrars

= Pass infamdion to ond Reumn infamdtion from
Fundliors .

= Write Your Own or UseLitxary Fundians
= All Aetqux érdnls MreEqud)

«- mdn s CriladFirst, andiit Is Often theL cst toExeade

Essential Features of Functions

Functions represent the standard procedura! black boxes of a C++ program. (From
Lthe object-oriented perspective. classes represent the major black boxes.) From a
user's perspective, the important charactenstics of a function are the information
that a function receives (the argurnents), the information retumed (the rerurmned
value), and any side effects the function may cause.

Functions originate from two sources: either the user explicitly creales them, or they
are “borrowed” from commercially written libraries. The main function 15 an
exampte of the former, whereas the ANSI-standard C and iostream libraries are
exampies of the lauer.

Though all functions are structurally and mechanica::  equivalent, the main
function happens to be 2 little more equal than user  ~wten functions. It is the first
function called from the operating system, and ofte:. ihe last one executing when
your program lerminates. The main function also acts as the highest-level function,
directing logic flow by calling other functions, prescribing the important test and
looping conditions, and creating and sending messages (0 objects.
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Prototypes and Headers

Slide
Objective
Cefine
prototypes and
their purposes.

= Whd Is aPratolype?
n Aasaidond reinod crdadauat  afurdian
» Nd frefudicnilset

w What Is aHecoler?

Delivery Tips
Don’'t add to¢
much detail
about
arguments or
return values.
Wait a few
pages.

Defer
explanation of
“if any” for 3
pages.

Prototypes and Header Files

Before each function is used or defined in C++, the compiler must see a description
or declaration of each funcuion. Declarations do not allocate any storage or produce
code. A function declaration is also called a prototype.

Caution [n older pre-ANSI C programs, prototypes were not supported.

In C++, functions take arguments and return values of very specific data types. An
important part of designing a function is specifying this interface. A prototype
describes this interface by providing three pieces of information:

a The function name
» The data types of any arguments
s The retumn datz type, if any

Prototypes for commercially written functions in libraries are supplied in header
files that are then included in programs.

More Facts About Prototypes

» They allow you to place functions in any order in the program.

» Prototypes don’t make the program bigger.

» They permit checking for argument and retlumn-type consistency at compile ime.
s They don’t place source code or define variables in headers.



108 Module &: Implementing a Simple Function

Demos
RECTVOLI.CPP is found in \DEMOS\MQD06.

1 // RECTVOLL.CPP found in \demos\mod0#é

2 // Shews use of user-supplied functions

) // Preprocessor directive to include
4 // library-supplied func protocypes
5 #include <io0stream.h>

€ // Prototype user-supplied func

7 long rectVol{int, int); // denotes return-type, func-name
8 // and data-type of arguments.

9

10 int main(void) // main func is special - "void"®
11 { // denotes lack of arguments

12 int npWidth, nHeight:

13 cout << "Enter the =~ ith, in inches, of rectangle: ";
14 cin »> nWidth;

15 cout << "Enter the ;ht, in inches, of rectangle: ";
is c¢in »> nHeight:

17 cout << "\nThe vol. is * // within a cout statement,
18 << rectVol(nW. 21, nHeight) // embedded func call
19 << " square inches.”;

20 return 0;

21 }

22

23 /* rectVol function definition.

24 Note: cast to long required to aveid truncatien. *.

25

26 long rectVel{int nW, int nH}

27 {

28 return ((long) nW * {long) nH):

L]
L]

]
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RECTVYOL2.CPP is found in \DEMOS\MOQDO6.

// RECTVOL2.CPP found in \democa\mod0é
// Shcows use of user-supplied functions
#include <iostream.h>

/{ coarse conversion from inches to millimetars
#define MM PER_INCH 25

// prototypes user-supplied func

int

convert (int)

long rectVol{int, int);

int

{

int

)

mazin(}

int nWidth, nReight;

cout << ‘"Entar the width, in inches, of rectangle: *;

cin >> nWidth;
cout << “Enter the height, in inches, of rectangle:
¢in >> nHeight:

cout << "\nThe volume is "
<< rectVol (nWidth, nHeight}
<< " square inches.":
cout << "\n or about "
<< ractVol (convert (nWidth), convert (nHeight))
<< " aquare millimeters.":
return Q:

convert (int nlInches)

return nlnches * MM_PER_INCH;

-long rectVol (int nW, int nH)

{

return ((long) nW * (long) nH)}:
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Slide
Objective
Surnmarize use
of prototypes.
introduce more
detal with args
and return
values.

ireturn_type funcA (parameter typea); -=
iint main (void)

(

funcA (actual arguments); /call funcA Y -
:} ;

Eretum_type tuncA(formal arguments)

local variables; // declare iocal vars

statement; i} do something;
variabie = expresaion; // calculate
i retumn value; //retum vakie to main |

A function represents a general logical process. Its implementation requires four
general steps:

1. Design the interface. Choose a hame, the parameter types, and the type of the
rerumn value.

2. Implement the function. First, write the header of the function from the
information generated in step 1. Then write the body of the function as required
to perform the logical process. Keep the following in mind:

o The function body is delimited by a pair of curly braces.
e Most functions will probably define local variables and contain a number of
assignment and flow-control statements.

e Nomnally a function will also contain at }east one statement that calculates
and returns a value.

+ Most statements are terminated by a semicolon.

3. Prototype the function. Create a declaration statement for your new function at
the top of your source file. The easiest way 1o do this is (0 cut and paste the
header, then add a terminating semicolon.

4. Test the function by using typicat and limiting vaiues for actal arguments.
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Arguments and Return Values

Slide
Objective
Detail the “use
of” and “lack
of” arguments
and/or return
type.

s Fundions CGnTckeZero or More Argurrents
.= Fundtions CnRelunZeroor CreVdue
» ThevadKeyword -

Key Points
Explain *if any”
within context
of the two uses
for “void™:

1: void func();
No retumn type
2: int func(void);
No arguments

In C++, you can create functions that take zero or more arguments, and retumn zero
or one value.

The void keyword in a function prototype can be inierprezed as “nothing”; either no
argumenis are required, or no retumed value is generated.

Tip The void keyword was added in ANSI C. [n K&R, all functions were required
to return a value.

Examples

Here is a sqrt function that 12kes a double as an argument and returns a value of
type double.

double sqrt (double):

The srand function takes an unsigned int as an argument and retums no value.

void arand({unsigned int): ‘

The rand function takes no arguments and retumns a value of type int.

int rand (veoid);

The tzset (time zone set) funcuon takes no arguments and retums no values.

void tzset (void};

]
L
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Slide
Objective
Complete
argurnent and
return values
detail.
Surmmarize use
of functions.

Passing Argu_ments and Return Values

» AFundlion irwocction or Cefl Alters ProgramFlow

a Adud Argurrents (or Paameters) Metch to Farmd
Argumernts

= Return Vdue ¢f nat voldh redicoes Cdl to Function
» Only Copes of Vidues Are Passedby Defauit

A function invocation or call is an expression that drastically alters the normal
linear program flow. When a call is executed, two important events occur:

a The values of the actual arguments in the function call are copied into the formal
arguments.

s Control passes 1o the first executable line in the function.

Tip The function cal! operator is in Appendix B, the Operator Precedence chart.

The statements inside a function continue 10 execute until one of the following
oceurs:. )

s A return slaltement is executed,

= The ending curly brace of the function is encountered. This is equivalent 1o
returning no value,

At this point, control passes back io the call that invoked the function. If a value is
returned, that value replaces the entire function-call expression. The function call is
said to resoive to ihat value. Program execution continues from that point.

Tip Calls to funcuons that return void are the only expressions in C++ thatdo not -
resolve to a value.

The default mechanism whereby values are passed to and from functions is termed
call by value. With this mechanism, only copies of values are passed around. Each
function still only has access (o its formal parameters, local variables, and global
variables.
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Stack Architecture

Slide
Objective
Begin a new
subtopic
detailing how
arguments are
passed to Q
function on the
stack. Sub-topic
includes a
contrast of auto
variables and
globais.

10
11
12
13
14
15
16
17
18
19
20
21
22
22
24
25
26

void swap(int,

Demo
SWAP.CPP is found in \DEMOS\WODQ6.

// SWAP.CPP

found

in \demos\mod(Q6

// Demonstrates the defaulit calling conventions for

// functions.

finclude <iostream.h>

void main{)

A

int};

int x (5), y (10);

cout << "X is " <<
cout << " and Y is
awap (x, ¥):

coukt << "X ja " <<
cout << " and Y is

H

void swap(int a,

{

int nTemp;

nTemp = a:
a=b;
b = nTemp;

// function prototype
// awap ia a function that
// takes two arguments

// two local variables x and y
// Note: equivalent to:
7/ int # = 5, y = 10;
x;
" << y << endl;

// function call
X:
" << y << endl;

int b} // functioen definition

// nTemp asaigned the 5
// a asaigned the 10 from b
// b assigned the 5 from nTemp

i
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Global vs. Local Access

TS B

Slide
Objective
Complete the
sub-topic on int nGlecbhal; ¥
variables by main (] ;
deaiing {
differences int nlocal: ;
between auto nLocal = 5; : .
{locat) and . nGlobal = 14; :
global .
variables. funcM) !
nLocal = 10; //error ;
nGlobal = 16; :
} i
:
Facts About Local and Global Variables
Delivery Tips n  Globals are typically defined at the wp of the program.
COBOL s Globals come into existence before main and exist for the duration of the entire
programmers program.
g{gggﬁd fo "all s Globals can be used by any function in the program.
variables. Be s Locals can be defined anywhere within a function, but are typically defined at
sure they the beginning of a function. ‘
understand the i , . . .
concept of s Locals exist for the duration of the function invocation only, then they die or go
locals and ous of scope.
g’i'sr;gﬁi?ySCOpe s Locals can only be used within the function in which they are defined.

In the absence of an explicit initializer, global variables are initialized 10 zero.
By default, locai variables are initialized to an enknown value—often referred
to as “garbage.”

As a rule of thumb, you should minimize the use of global variables 1o aid program
moduiarity.

The topic of storage class and lifetime will be revisited in a future module.
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Demo

SCOPE.CPP is found in \DEMOS\MODO6. It demonstrates the local and global
scope of vanables.

O @ = Dt s W N
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// SCOPE.CPP found in \demos\mod06

// This pregram demonstrates variable scope:

// Two identically named variables are declared

// and used in this program. This is legal because
// the variables have a..ferent scope.

#include <iostream. h>

// user—supplied function prototypes. Read prototypes as:

// funcA is a function that takes
int funch(veid}; // no arguments and returns an 1int
int funcB({void):

// glebal variables
int nTemp = 5; // nTemp has global scepe

int main(}
{
cout << "Calling funchA..." << endl:
cout << funcA() << endl;
cout << funchA{)}) << endl;
cout << fupncA{) << endl;
cout << funcA(} << endl;
cout << funcA({) << endl: r
cout << endl:;
cout << "Calling funcB..." << endl;
cout << funcB({) << endl;
cout << funcB({) << endl:;
cout << funcB(} << endl;
cout << funcB() << endl;
cout << funcB() << endl: ¢
return 0;

int funcA({}

{ // The return value from funcA is the global nTemp.
// aTemp 13 incremented by 5 each time funchA is called,
nTemp += 5; ‘ : -
return nTemp;

int funcB{()

{ // The return value from funcB is a local called nTemp.
// nTemp is created each time funcB is called
int nTemp = 5; // and initialized with a value of 3.
nTemp += 5; // nTemp is incremented to 10. Due to
return nTemp; // local accpe the value is not retained.

} // A local scope value may be returned-nct retained.
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Simple C++ Program Structure

Slide
Objective
Summarize the
use of functions
and
recommend
that global,
user-written
functions be
placed
alphabetically
after main(}.

TP

Usaar-Supplied Prototypes

e

Global Variable Definitions

int =zain(void)
{

)

W

e

A nontrivial C++ application typically has six general portions Lo il:

#includes to declare commercially written functions. Header files also typically
contain other declarations and preprocessor directives nol yel covered in this course.

#idefines to create manifes! constants.

User-Supplied Protolypes declare the user-writien functions actually defined
later in the source file.

Global Variable Definitions create global variables.
The maln Function: Every application has one and only one. It serves as the

eniry point to the application. By convention, it is before all other functions 1n the
source file.

User-Written Functions: Divide the application into logical procedural units and

factor out commoniy used code 1o eliminate repetiion.
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ions

Simple Functi

ing

Implementi

Lab 4

Slide

Objective

Execute the lab

solution,

o Q2
s
0% C
£o 8
cs 2
805 ©
QS g
-]

a0l

read the

scenario.
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Encapsulate Data
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Y, Overview
e T
Objective
Provide an
overview of the = Implementingastruct
module . .
contents, s Qﬁdi"@ mai'ed' of Typestrud
= Disdaying an Chjed’s Vdue

Module Summary
Deli Ti At this point you have expiored the fundamental concepts of coding. In this module,
C(e)B\geLry ps you will integrate what you know about variables, datatypes, and functions 10 create
programmers your Own custom dala— struclures.
are familiar with . ]
pataDiviSioN | Objectives
gTrgRV}\\IgERKING Upon comptetion of this module, you will be able to:

contmucts that
are very similar
to “structs”.
Expect to move
QuiCkly.

» Implement a struct (a custom data structure).
n Create objects of your data structure’s type.
»  Access the values contained in your data structure.

Lab

Using Structures to Encapsulate Data . = . - - - - — —.
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What Is a struct? -

Slide
Objective
Provide a
simple definition
for structures.

‘= An ANSI CConstruct Tha Provides Enacpsudion

s By Convenficn, structs Nel]saﬂoEnmddeDda
» {n G+, structs Provide Different Funcifondity fromC

struct StructureName

{
data_type MemberNamel;
data_type MemberName2;
data_type MemberName3;

[RAO0 % TS ST S it Aty

Key Points

This structure
definition is
analogous to a
function
prototype: it
has no cost and
takes no space.

Creating
YourRect
defines @
memaory areq
for the
Rectangle
variable.

What Is a struct?

The keyword struct is used to create a data structure. A dala structure is created by
the programmer and combines existing heterogencous data types (integers, floating
point numbers, characters, and so on) into an indivisible unit. The individuai data
ficlds 1n a struct are called members. A struct in C++ is similar 10 a record in
other languages.

Operalicnally, to use a struct in a program, you musl first declare the new struct
data type. By this declaration, you are eff>ctively making a new variable type. Like
all declarations, a struct declaration prc  des information to the compiler, bul does
not allocate memory for data or code.

struct Rectangle
{

int nLength;

int nWidth;
short int Color;

b
Once a struct is declared as above, variables of type Rectangle can be defined.

Rectangle YourRect;
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struct Operations

Slide
Cbjective
Using
terminology
similar to the
initialization and
assignment of
standard data
type variables,
explain
initialization and
assignment of
structs. Cover
ways the two
are identical,

» Inifidiizction
= Assignment

= Da " o Marrber Access
s CnBePasedandReturned by Vdue

Key Points
Using the dot
operator to
laccess struct
members.

Initiclization and Assignment

Recall from an earlier module that there are two ways to provide actual values for
variables: initialization and assignment. There is a subtle difference between .
initialization and assignment. Initialization is done when a variabte is defined. Your

program doecs not consider this an executable stalement:

Rectangle YourRect = {3,4}:

Assignment can only be performed on existing variables. It is an executable

statement. Assignment can also be used to provide values 10 your data members.

MyBox = YourRect;

Member Access

To return or assign values of individual data members, use the “.” operator as

follows:

YourRect.nlength = 3;
YourRect.nWidth = 4;

- Notice that a literal initializer is provided for every data member (the 3 and the 4 'f
- above).
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Demo
STRUCT.CPP is found in \DEMOS\MODO7.

// STRUCT.CPP found in \demos\mod(7
// This program demonstrates how to create and use a
// user-defined data structure using the struct keyword.
#include <icstream, h>
// A user-defined data structure for Rectangle

struct Rectangle
{

int x, ¥; // x and y denote the center point

int nHeight; '

int nWidth;

// function prototype for GetArea function:
// that takes a Rectangle argument and returnas
// a long data-type value

long GetArea{Rectangle r}:

int main()}
{
long lArea:
// An 1instance of a struct can get data through
// initialization. rl'as is initialized below:
Rectangle rl =_{0, 0, 100, 200},

// An instance of a struct can get data through
// assignment. r2's membars get assigned below:
Rectangle r2;
r2.x = 106;
r2.y = 100:
r2.nHeight = 300;
r2.nWidth = 300;
// Call GetArea passing rl
lArea = GetArea.:ol);
cout << "rl's area 1s " << lArea << endl;
// call GetArea passing r2
lArea = GetArea(r):
cout << "r2's area is " << lArea << endl:

return Q;

// GetArea function definition
long GetArea(Rectangle r} // takes a Rectangle struct as an
{ // arg, calc's area (cast as a -

return {(long) r.-deight * r.nWidth); // long to aveid:’
} i // truncation}
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Slide
Objective
Familiarize
students with
use of the sizeof
operator to
determine
space
requirements
for structs.

Introduction to the sizeof Operator

Haw blg is it? -]
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Key Points
Atways let the
compiler count
the space
needed.

Adds to
portability of
source code
across
platforms.
Padding may
be changed by
compiler
options.
Compiler never
rmiscounts.

The sizeof operator yields the size of its operand in bytes. This operand can be
either a type name (in which case the name must be enclosed in parentheses), or an
expression. When the sizeof operator is applied to an object of type char, il yields |
(byle). When it is applied to a struct, it yicids the total number of bytes in that
struct. This size is the sum of the siz¢ of all of the members plus any padding.
Unlike other operators, sizeof is a compile-time operalor; the compiler resolves the
expression, replacing il with an wntegral constant.

Example

Rectangle yourRect;
int nBytes = sizeof(float);

nBytes = sizeof(yourRect);
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What Is a Union?

Slide
Objective
Unions are
included for
completeness.
Analogous to
the COBCOL
‘redefines’
clause.

Major problem:
Unions are
contrary to
QQOD views of
black-box
pgmg. Requires
outside code
with knowledge
of some
variable to tell

» AConstrudt Thet Provides on Either-Or QGauging of

union UnionName

{
data_type MemberNamel: Y
data:typa MemberName?l; ,‘
data_type MemberNamel: : 1

FEFTYI T - e P TR ES AR PP S )

whaf Type of
data is inside.

What Are Unions?

A union populates only one of its members at a time. You might want 1o use a
union in lieu of a struct if the struct is very large and you only need access to a
smail portion of its data members. In a union, data members overlap, saving
memory, but only one data member is populated with valid data at any given
instant. A union can also be used to provide a generalized approach 1o some
problems,

union Salary

{

fleoat fHourly:

unaigned long ulSalary;
}s
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Module 7

Structures to Encapsulate Data

Using

Lab 5

Slide

Objeclive

Execute the lab

solution.

Explain the

purpose of the

lab.

Ask students to

teqd the

scenario.
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Y. Overview

Slide
Objective
Provide an
overview of the
mocdule
contents.

» Qesses: Overview
» Qredling on Chiect Whose DaaCon't Be Accessed

= Ccss Mamber Fundions andthe Scpe-Resdution
Cpercior

» Using Access S pecifiers

s QueryingandModifyingthe Stde of mened
a Using Construdtars and Destrucors
= UsingCalon inifidlizetion

This is the first of five modules on classes. The feanires of classes that you leam in
this module will be extended in the next four modules, culminating in your ability (o
derive new classes through inheritance.

Module Summary

You are about to see that structs and classes are intimately related. In this module,
you'll actually create a class using the same information contained in the struct.

A class is the central OQ construct that you will be programming with in this
course. You will explore the entire process— from declaring the class 1o creating an
object of that class type in a program.

Objectives
Upon completion of this module, you will be able 10:

-—s- Declare a class. —ce—— T T T T T T
n  Create data members for your class.
s Create member functions for your class.
s Use access specifiers to protect data.
m  Create constructors and destructors.
s Use colon initialization.

Lab

Creating Classes and Member Functions
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Classes: Overview

Slide
Objective
Introduce the
topic of C++
ctasses. The
following pages
have the
details.

» What Are(csses?
= TheSyntox of Qess Dedadian
= Qcss DedadimaﬁDdiri'nglmram

Dellvery Tips
Cover the next
4 pages.
detailing to
students how
much they
already know
about classes.

The next couple of pages cover the fundamentals of classes.
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What Are Classes?

Slide
Objective
Remind
students of
facts they
already know
about classes
to put all the

details in order.

» Jesses ondChiedds
n User-cifineddsradt ciatypess
= Extersias o‘Csfruds_ -

s Desqidios o‘ctiucﬁcsetdqadicm
- anthis doia
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" G:rrrrmyccﬂed rstonass o adcss”
a Narestoqeaan

Objects

Wilhout reviewing the earlier discussion of OO programming, here’s a review of -
the important points about objects. OO programs are designed in terms of objects
rather than functions. This has the helpful side cffect of making your programs more
closely resemble real-world systems, thus making them easier to design. Objects
contain data and functions. Classes of objects are related by the types of data and
functions they contain, though each object (being an individual instance of a class)
has its own data. In fact, the relationship between an object and a class is much the
same as between a variable and a data type.

Classes

Classes, like structs, provide user-defined data structures to your programs, Classes
specify both data members and the functions that manipulate the data members.
Once a class has been declared, your program can instantiate many objects that

class type Classes are generally declared at ﬁle SCOPE: —m - s — =

Access to Class Members

Data and functions can be hidden from the rest of your program by the use of
keywords. This is an imporant feature of classes, the details of which will be
discussed later in this module.

Typical Member Functions

Every class has at least one constructor function used 10 instantiate its objects.
Every class has a destructor function used o destroy its objects.

Typically a class wiil also have one or more member functions to get and set data
members, display information to the user, and manspulate its data according to the
needs of the program.



134

Module 8: Writing a Simple Class

The Syntax of Class Declaration

Slide
Objective
Detail
similarities: The
class depicted
has 3 changes
from a struct:

Uses “class”
instead of
“struct”

Uses "public:”
which is defauft
for a struct

Uses a member
function (which
is legalin a C++

T R A NS

......

class_name

voaieer BG4 S mar ot TR e A

member_name
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function_néme ﬁ (pammelers)zfmz
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struct).

Class Declarations

A class declaration begins with the ctass keyword, followed by the class name,
followed by an open curly brace. Within the curly braces, data members are
dectared and member functions are prototyped. Though the body of member
functions can be defined within a class declaration, the convenuon is (o define the
body of member functions outside the ciass declaration. You will examine member-
function definitions later in this module.

Afier the open curly brace of a class declaration, and prior 10 declaring any data
members or funcoons, an access-specifier keyword followed by a colon must

appear:
public:

There are three types of access that can be specified: public, private, and protected.
Access limitations that these keywords provide will be discussed later in this
module. Access specifiers can appear in any order, or as often as you like (one
keyword per member if you wish).

- Following the access specifier, data members or function prototypes are listed. For

data members, variable names and their data type are added much the same as you
saw in earlier programs. Remember Lo terminate the declaration with a semicoion.
Member functions are also prototyped simitarly to functions that appear in the body
of a program (oulside a class declaration). The function's return type appears (o
the ieft. The function's name and a list of its arguments enclosed in parentheses
appear (o the right. The statement is terminated with a semicoton.

The class declaration is ended with a closing curly brace followed by a semicolon.
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Class Declaration and Definition

Slide
Objective
Using the same
terminology as
the Structures
modim.
descrz 2 the
declaration
and definition

class Rectangle {

public:

private:

of Classes.

}i

void main (}
{
Rectangle rl;

void SetHeight{int);
void SetWidth{int);
long GetVelume{void}; ¢

int m_nHeight, m_nWidth;

P A

Ry o e e D N Xy S e

The code fragment shown in the foil is from a demo program that you will examine

in a moment. Notice the last line:

Rectangle rl;

Delivery Tips
Watch usage of
terminology:
Don't declare
classes.

DO
*instantiate”
objects.
Don‘t inftiglize
classes.

DO initialize
objects.

rectangle for your program 1o use.

This is a definition for an object of 1ype Rectangle. It creates an instance of a

DOaccess— |- T
member data.
DO refer to
“data
members.”
DO referto
‘member

functions.”
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Demo
MEMBER.CPP is located in \DEMOS\WI D08,

// MEMBER.CPP found in \DEMOS.4ODOS

// Using accesa specifiers and accessor member functions
tinclude <ic<:ream.h>

[rxrxxknwrsnr Ractangle Class Declaration ksxaawwaknanixs/
// Interface to x and y coordinates not yet i1mplemented.
class Rectangle

{ // Interface 1a public

public: // Sometimes called mutators,
void SetHeight(int): // Set and Get func'a allow clasa
void SetWidth(int); // users toc access attributes
long GetVolume {void);// of an object

private: // Data members are private

int m_nHeight, m_nWidth;
bi

FAZEE RS SRR AR N Rectangle Mamber Functiona *x*¥kkwxwkirmiasx/
void Rectangle::SetHeight (int h)
{

m_nHeight = h;

void Rectangle::SetWidth(int w)
{

m_nWidth = w;
}

long Rectangle::GetVolume (void)
{

return (long)m_nWidth * m_nHeight;
}

/tttgtatttn*ttt*tntl Small Test Program nt-xtlttatti.lttl/

int main{(}
{
Rectangle rl; // Declare a Rectangle objact, rl
rl.SetHeight (15);
rl.SetWidth{l0);
// Note: Un-comment the following line to reveal
// an error message concerning private access!
// cout << “"width ts ™ << rl.m_nWidth;
cout << "The volume of rectangle rl is "
<< rl.GetVolume () << '.' << endl;
return 0;
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Class Member Functions and the Scope-

Resolution Operator

Slide
Objective
Explain the use
of the scope
resolution
operator, "7,
used in previous
Demo
example.

long Rectangle: :GetVolume {void)

{

return {long)m nWidth * m_nHeight;

]

Key Points____

By convention you will define the body of your member functions outside the class
declaration. This is done to enhance the readability of class declarations. Following
the declaration, you define the member funclions as shown on the foil,

The Scope Resolution Operator

As usual, the function’s return value appears to the left followed by the name of the
class to which the function is a member. The :: which follows the class name tells
the compiler that the function’s scope is at the level of that particular class. The
acmal code that forms the body of the function is defined within curly braces. In the
example above, the GetYolume function merely returns the value of the data
member m_nWidth. Notice that there is no terminating semicolon following a
member function definition as there was following a class declarauon.

In short, the scope-resolution operator Lakes a classname 10 its left
=that class’to’its i ght == . =

and a member of

Scope
resolution
operator is:
class::member.
Dot operator is:
object.member

S0 “scope” is
used for the
class, “dot” for
the object.

The Dot Operator

To access a member (usually a function) for an objecl, you use the dot operatar. In
the following example, the dot operator precedes the GetVolume function.

cout <<

"Volume is :

€< rl.GetVolume{ } << \n";
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Slide
Objective
Explain the uses
for Access
Specifiers
based on OQD
terminglogy:
data-hiding
block-box
hidden
implermentation
class-defined
interface.

Using Access Specifiers

Qutside
World

Delivery Tips
This graphic
waqs presented
in the QOD
module.

Public members are accessible 10 everything in your program. Private members
are accessible only to class member functions. (There are exceptions to this rule
which fail outside the scope of this course. See a C++ reference manual for a
description of friends.) Protected members are accessible 1o class member
functions and member functions of classes related through inheritance. (Inheritance
will be examined in an upcoming module.)

Tip The following general advice General advice applies to access specifiers.

s Declare member functions as public.
a Declare data members as privale,
s Provide access member functions to set and retrieve values for data.
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Querying and Modifying the State of an

Object

Slide
Objective
Explain benefits
of controlling
user access to
the data
members
through
“accessor” and
“mutator”
functions.

ungszPrmch
= AQEss fovduess.

s Scfediat azxss wih nochanee of inaderent
AYICES.

s They Are Also Known As Acoessars, Sdedars
or Gelters

= set Marrber Fundtions Provick

= Protedion of rrerrer ciiawile dloangdhagss.

» Onorgss oindarenidion wihau dangnginterfae
= They Are AsaKnown As Midiars, Monipuldiars,

Disadvantages of set and get Functions

If there are a lot of data members, the interface can become cumbersorne because of
a large number of functions. In a case like this, it might be wise 10 mark the data
members as public and allow direct access.
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Demo
SETGET.CPP is found in \DEMOS\MQODOS.

// SETGET.CPP found in \DEMOS\MODO3

// Demonstration of accessor/manipulator pairs.

// Mote: Many commercial class packages refer to these
// as functions that access cbject attributes.
tinclude <icstream.h>

AR R ERER RS R Rectanqle Class Declaration ngttnattnngttt/
// Interface to X and y coordinates not yet implemented.
class Rectangle

{

public:
void SetHeight (int}; // Set member functions:
void SetWidth(int); // take an arg as a new value
int GetHeight {veid); // Get member functions:
int GetWidth({void); // take no args, return a value
private:

int m_nHeight, m_nWidth;
b

Jruxkthtatsxkxx Ractangle Member Functions *#As*warxanuxxu/
void Rectangle::SetHeight (int h)
{
m_nHeight = h;
}

void Rectangle::SetWidth{int w)

{
m nWidth = w;

}

int Rectangle::GetHeight (void)
{

*return m_nHeight;

}

int Rectangle::GetWidth (void)
{

return m nWidth;

)

/ti’ittiitll*titiii Small Test Program iitl’itﬂ*!ttliil*!l!/

int main()}

{

Rectangle rl; // Declara a rectangle object, rl
rl .SetHeight (15); // Set height attribute
rl.SetWidth (10} // Set width attribute

// cout << "width is " << rl.m_nWidth; // access!!
cout << "The volume of rectangle rl is "

<< (long)rl.GetHeight {} * rl.GetWidth({} << ".\n":
return 0;
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Constructors

Slide
Objective
We have
intentionally
avoided the
topic of
initiglization.
Introduce
“construction”
as the method
for building
objects.

clasas Rectangle

{

public:
Rectangle{);

}

Rectangle :: Rectangle()

{
cout << "\nIn Rectangle c'tor.”: :
m_nHeight = 0; :
m_nWwidth = 0;

- v,
N T g o o e s e o g o by b e PR

Constructors :

A constructor is called at the point the object is created. The purpose of a
constructor is to set the wnitial siate of an object—that is, t0 assign appropriate
values (0 an object’s data members (and perhaps other related values).

Every class has at least one member function called a constructor. It is not
mandalory that you creale a constructor. If you do not supply one, the compiler will
create one for you. A constructor always has the same name as the class. Default
constructors must be called with no arguments.

A constructor execules any code provided in its body, but cannot return a value.
Constructors must be prototyped as retumning no value; void is not allowed. A
constructor is sometimes abbreviated as ¢’tor.
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Destructors

Slide
Objective
Introduce topic class Rectangle
of object { )
destruction. public: :
Don't go too Rectangle() ; 3
deep —_ ~Rectangle(); 1
students won't y o :
know any valid
reasons of i | Rectangle :: ~Rectangle () :
features for a {ec nete serange :
destructor for i cout << "\nln Rectangle d'tor."; §
some time., ] ,
Destructors
Every ciass has exacty one destructor. [ts purpose is to do any “clean-up™ work. A
For Your o ‘
information destructor ajways has the same name as the class, but it is disunguished from the
Stuck for an constructor by a tilda (~) prefix:
example?

. Rectangle :: ~Rectangle()
If pushec ‘oran

example of a
valid C'tor and
Dtor, propose
a database
object where
the C'tor
handles login
and dbopen,
the D'tor does
signoff and
dbclose.

It is not mandatory (o supply a destructor; the compiler will do it for you.
Destructors cannot return a value. They are called at the point the object is
destroyed. A destructor is sometimes abbreviated as d'tor.

Destructors are called when a local object with block scope goes out of scope, or
when a program ends and global objects exist.
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Demo

CTORDTOR.CPP is located in \DEMOSWMOD0S. It shows the use of a
constructor and a destructor.

OO0 ) s W N
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// CTORDTOR.CPP found in \DEMOS\MODOS
/-/ Includes default constructor and destructor
tinclude <iostream.h>

FARERERERERERE R Rectangle Class Declaration **txsxaxasannn/
// Interface to x and y coordinates not yet implemented.
class Rectangle

{

public: // Construction section:
Rectangle(}; // conatructor (no return value)
~Rectangle(): // destructor (no args, no ret)

void SetHeight (int); // Attributes section:
void SetWidth (int};
long GetVvolume (voaid};
private: // Implementation section:
int m_nReight, m_nWidth;
}: '

/!*tkti*i*iki* Rectangle MEmbef Functions ltlttilltlt*l*l/

Rectangle: :Rectangle ()} // Definition of constructor

{ // name matches class name
cout << "Rectangle c'tor.\n";
m_nHeight = 0; // free access to data members
m_nWidth = 0;

1 // never return a value!

Rectangle::~Rectangle(} // Definition of destructer
{ /7 ~ and class name
cout << "Rectangle d'tor.\n";

}

void Rectangle::SetHeight{int h)
{

m_nHeight = h;
)

veid Rectangle::SetWidth(int w)

{ e = m——— ————
m_nWidth = w;
}

long Rectangle::GetVolume {void)
{
return (long)m_nWidth * m_nHeight;

{continued)
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47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
52

Jrsraekkanxakxwxnr* Small Test Program IEER RN A RSN ENES IR E N

int main{)

{

Rectangle ri; // Declaring a class cobject (the
// constructor is called)
// Rectangle r2(}; // Thia is a function prototype!

cout << "The initial volume of rectangle rl is "
<< rl.GetVolume () << endl;
rl.SetHeight {15} // Set attributes for rl
rl.SetWidth{l0);
cout << "The volume of rectangle rl ias “
<< rl.GetVolume{) << endl;
return 0; // Note: A call to the d'ter
// is not coded!
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Default Class Operations

Slide
Objective
Staying very
high-levet,
explcin the
"defaults’ given
to each class.

» Default Corstructar

s Delaut Destrudar

» Defcuit Copy Corstrudar
= Defauit Assignment

Delivery Tips
Cover default
c’torand d'tor,

Simply define
the default
copy c'tor and
assignment
operator, but
stay clear of

details!

In the absence of user-supplied versions of the following member functions, the
compiier wiil supply a simple built-in default version.

A default constructor is a constructor that takes no arguments. The compiler will
supply a default ¢'tor only if no constructor is supplied for the ciass. The default
c'tor supplies the same functionality as for standard types like int, giving global
objecls an nitial value of zero and local objects and unknown (garbage) value.
Note that the defauit constructor is essentially what you used when you built struct
dala instances.

If no destructor is supplied for a class, the compiler supplies a default destrucior,
which, from the user's perspective, does nothing.

As with a struct, objects can be crealed from an existing object of the same type:

Rectangle rectl;
rectl.SetHeight (15} ;
. rectl.SetWideh(20).,—— ——— — s e

Réétangle rect?2 (rectl); //copy c'tor

This operation is technically known as a copy construction: here it is provided
autornatically by the compiler. [n the module on conversions, you will see how to
supply your own version.

Assignment from one object 1o another object of the same Lype is inherently
supported by a default assignment operalor:

rectl = rect2;

Supplying your own version by using the operator-overloading capability of C++ is
beyond the scope of this course.
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Colon Initialization

: n_nHeight (0), m_nwidth{0)

Slide

Objeclive

EX.D.ICIlIn C_Olon class Rectangle

initialization (

syntax. Defer public:

discussion of Rectangle();

why itis a ~Rectangle(};

preferred .-

mefhod fo private:

initialize int m_nHeight, m_nWidth:

member data bi

in ¢'tors until

ater. i:ectanqle: :Rectangle()
}

ol e s S

B mi A nan et A T STk S

e rr——
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[n an earlier module, a distinction was drawn between initialization and assignment.
Inittalization happens when an object is created and assignment Lakes place during

its normal life. Since neither of these conditions is true at the 1ime a ¢lass

declaration is made, initialization and issignment are illegal within class
declarations. Data members, therefore, are initialized by constructors, using the

colon syntax shown above.

A discussion of why colon initialization 1s preferred will be put off until 2 later
module. As a rule of thumb, though use the colon-initialization syntax in preference

to assignment of data members in the constructor whenever possible.
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Demo
COLONINIL.CPP is found in \DEMOS\MOD(S8.
// COLONINI.CPP found in \DEMOS\MODOS

// Shows a constructor u2ing colen initialization.
finclude <iostream.h>

/rikkxkrannxs Rectangle Class Declaration ***rkaaxasxnrx/
// Interface to x and y coordinates not yet implemented.

class Rectangle

{

public:
Rectangle(}: // constructiocn
~Rectangle{):
void SetHeight {int}; // attributes
void SetWidth{int):
long GetVolume {void);

private: // 1mplementation
int m_nHeight, m_nWidth;

1

FAEEEE AR ER RN N RS Rectangle Member Functions [ EENEERRRREEERN,

Rectangle::Rectangle ()}

cout << "Rectangle <'tor.\n";
}
Rectangle: :~Rectangle (]}
{

cout << "Rectangle d'tor.\n";

}

void Rectangle::SetHeight {int h)}
{

m_nHeight = h;
H

void Rectangle::SetWidth({int w)
{

m _nWidth = w;
]

// Constructors may use
m_nHeight (0), m_nWidth(0) // colen initialization.
{ // Data members are set before the c'tor body runs.

O AL
B NP O W

— —— T [E——

longwRebféngle::Getvélume(void)
{
return (long)m nWidth * m_nHeight;

(continued)
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45
46
47
48
49
3¢
51
52
533
54
55
56
57

/t-

1in=<

cR R XA R kRN Ak RN AR Small Tesl‘. Program tt!ttxn#ltlﬁkltttt/
nain{)

Rectangle rl; // The contructor assigns values
’ // to avoid undefined contents

cout << "The initial volume of rectangle el is

<< rl.GetVolume({) << endl;
rl.SetHeight {15): // Set attributes for rl
rl.SetWidth ({10}
cout << "The set volume of rectangle ri is "

<< rl.GetVolume(} << endl:
return 0O;
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Lab 6: Creating Classes and Member

Functions

Slide
Objective
Execute the lab
solution.
Explain the
purpose of the
lab.

Ask the
students to
read the
scenario.

——— = —



Module 9: Tuning Member and
Global Functions
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Y. Overview

Slide
Objeclive
Provide an
overview of the
module

= Defaut Argumenis
" Fmdlm_N:mealoajng

The iab for this
module builds
upon the
previous
solution. It's not
prefty, but you
may want to
execute the igb
solution here to
show students
where we're

| going.

contents,
» [nining Functians
» Constand verrber Fundtions
w Corstant Chjedts
Module Summary
In the last module you created a simple class—the most important thing you've
done so far. In this module you will explore ways to add efficiency to your class's
member functions.
You will be introduced to some new class features that will allow you to reduce the
number of instructions a PC execules to employ your funclions. You will also be
strearnlining the way in which arguments are passed.
Though these concepis are not direct building blocks for following modules, they
will nonetheless be important as you return o the workplace and use these new
coding skills.
Objectives
Upon completion of this module, you will be abie to:
N o
For Your s Usedefault arguments
Information s Overload function names.

m Create inline function bodies.

= Create constant member functions and constant objects.

Lab
Tuning Your Member Functions
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Default Arguments

no g

Slide
Objective
Define the uses
for default » Avdidh Repdifive Typing
arguments, :

= Allows Levels o Knowledge Regardng Chledt Struchure
Key Point Many functions that take multiple actual argurments may have default values for one
De‘flcul'f 10 all parameters. A function that accepts Momnth, Day, and Year arguments would
arguments expect to be called hundreds of times with the same year value. A functon (o open
simplify files might expect various filenames, but most text files will probably be opened in
programming read-write mode.
for the class . ) _ _
users, those FUI?CUOHS may specify a defaul_t value for one or more arguments using a special
programmers assignment syntax within the signature. Always beginning with the rightmost
that are using @ argument, the default value is specified following an equal sign. In a prototype, it
wel-defined might appear like this:
closs. void funcB( int, char, int = 94 };
Key Point Default arguments are specified in t-  orototype rather than in the function

Defaults are
specified in the
prototypel
Never in the
formal
definttion.

Delivery Tip
Defining
additional
default
argument(s) for
a function is an
advanced
topic. Rules:
Never redefine,
Ahways right to
left.

definition.

void funeB{ int nC, char chA, int nD = 94 );

Typically, you will be crealing header files for your classes and prototypes. Given
the preceding prototype example, a source file that includes that function
declaration could extend defaull valucs for that function as iong as the function has
not yet been defined.

Given the following header file,

void funcB( int, char, int = 94 );

a source file that intends to use function funcB in a specific manner may redeclare
the functon as

void funecB( int, char = 'tf nt);
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Impeorant Using the rule of rightmost definition first, the third argument was
assigned a default value of 94. It is illegal (o redefine that assignment (or o
respecify the same value). The third argument retains the original assignment and
the sccond argument gawmns the default.
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Demo
DEFAULT.CPP is found in \DEMOS\MOD09.

1 // DEFAULT.CPP found 1n \demos\modQ9

2 // Functions that define default values for selected
3 // arguments streamline the 1nterface and allow

4 // class users multiple variations

5 #1nclude <iostream.h>

6

7 /ltl’tli*lt#lt Rectanqle Class Declaration utt!lttttntlnn*/
| clasas Rectangle

9 {

10 public:

11 // This c'tor is equivalent to three c'tors

12 Rectangle {int h, int w, int x=0, int y=0};

12 ~Rectangle (};

14 void SetCenter({int, inat);

15 void Size(int, iat);

16 veid Draw(};

17 private:

18 int m_x, m_Y;

19 int m nHeight, m _nWidth;

20 I
21

22 /uwuxsxxrss Ractangle Member Function Definitions *x*xwari/
23 Rectangle::Rectangle{int h, int w, int x, int ¥)

24 m_nHeight (h), m_nwidth {(w), m_x (x), m_y (y)
25 {

26 cout << "Rect c'tor\n";

27 }

28

29 Rectangle::~Rectangle ()

30 {

31 cout << "Rect d'tor\n";

32 }

33

34 void Rectangle::SetCenter{int x, int y)

as {

36 mXx = x;

37 m_y = Y;

38 }

39

40 void Rectangle::Size{int nh, int nw}

411 {

42 m nHeight = nh;

43 m_nWidth = aw;

44 }

45

46 void Rectangle::Draw{veid)

47 { // Currently just a diasplay function
48 cout << "Rectangle at x:" << m x << " y:" << m_yy
439 cout << " height:" << m_nHeight << " width:" <<
50 m_nWidth;

51 }

52

{continued)
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53
54
55
56
57
58
59
60
61
62
63
4
65
66
67
68
69
70
71
72
73
74
75
76
27
78
79
80

frawtkarrxwknehtkx Small Teat Function Yhxrakdrrehaknxnkdhd/
int main(}

{

/
/

Rectangle rl
r2
r3

Rectangle r4;
Rectangle r5

(1, 2, // default x and y as 0
(5. 6, 8}, // default y as 0
(10, 10, 100, 100): // no defaults

// Error: no default c¢'tor
(3, 9, , 40}; // Error: improper syntax

cout << "Diaplaying rl:\n";

rl.Draw():
cout << endl;

rl.size{ll, 12);
rl.SecCenter(-10, -10}:
cout << "Displaying rl after manipulation:\n":

rl.Draw(};
cout << endl;

cout << "Displaying r2:\n";

r2.0raw(};
cout << endl:

cout << "Displaying rd:\n";

r3.Draw(};
cout << endl:
return 0;
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Function-Name Overloading

Slide
Obijective
Explain function
nome
overloading Gs

return_type function_name( int arg1 )

@ variation on
g:%l:]”n:%rgrtype return_type function_name( int arg1, int arg2 )
Note: Expect to o S

t . ;
ggnmfrg;n return_type function_namef( int arg1, float arg2 )
defautt T T T T T T R T
arguments.

Features

Kev Point Function overloading occurs when there are two or more functions in the same
O?J;rlo?::g : d scope that have the same name. C++ allows this when the prototypes differ in the
functic" - may number and/or types of arguments. (Function-name overloading may vary by
differ ¢ consiness. This topic will be deferred until later.) Overloading is made possible by

# of arguments
ond data type
of args.

Not due to
function return-
type.

function-name encoding (also known as name-decoration or name-mangling).

Overloaded funcuions cannot differ on return 1ype only. The compiler knows how
10 generate promotion and truncation of return values, So variauons on just return
type would be ambiguous.

Functien-name encoding is implemented by appending class-name and argument-
lype information. The encoding scheme is implementation-dependent.

Although any global functions can also be overloaded, multiple constructors are the
most common exampie of function-name overloading.

Reference
Refer to “Overloading,” in the C++ Language Reference.
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Demo
OVERLOAD.CPP is located in \DEMOS\MODO9.

// OVERLOAD.CPP found in \democs\medQ9
// Functions with the same name and different argument

// data-types and/or argument counts are overlcaded.
finclude <iostream.h>

/*ikttl*iiilti Rectangle Claﬂs Declaration i!*k*ﬁilill*lt/
class Rectangle
{
public:
// The following c'tors arec overloaded
Rectangle () :
Rectangle(int h, int w, int x=0, int y=0);
~Rectangle();
void SetCenter(int, int);
void Size(int,int);
void Draw{void}:
private:
int m x, m y;’
int m_nHeight, m_nWidth;

}:

/exkxaxir Ractangle Member Function Definitiong *#swsawxx/
Rectangle: :Rectangle{)
m_nHeight (0}, m_nwWidth{0), m_x(0), m_y(0) : .
{ - -
cout << "Rect default c'tori\n”; .
}

Rectangle::Rectangle{int h, int w, int x, int y}
: m_nkeight (h), m_nWidth(w}, m_x(x), m_y iy}
{

cout << "Rect (int,int,int,int) c¢'tor\n";

A

Rectangle: :~Rectangle{)

{
cout << "Rect d'tor\n";
}
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kY void Rectangle::SetCenter{int x, int y)

40 {

41 m X = Xx:

42 m_y = y:

43 }

44

45 void Rectangle::Size{int nh, int nw)

46 [

47 m_nHeight = nh;

48 m_nWidth = nw;

49 }

50 .

51 /f Currently 3just a display function

52 void Rectangle::Draw({void)

53 {

54 cout << "Rectangle at x:" << m_x << " y:" << m_Y:

55 cout << " height:" << m_nHeight << " width:" <<

56 m_nWidth; -

57 }

58

59 /ta*nttttntnt:tt Small Test Funét:.on Ilklitni'ttttllt*tuk/

60 // function prototypq{

61 void Goodbye(int x = l}: // Goodbye with default, int arg
o , 62 « void Goodbye (Rectangle)}: // Goodbye with Rectangle arg

63 . ' )

64 1. rint main() // Cannot overlocad main function!

65 T

66 Rectangle ri (1, 2), - '

67 2 (5, 6, 8),

68 £3 (10, 10, 100, 100);

8% .. .. Rectangle r4; // legal with default c'tor

70 0, ' -

7 cout << "Displaying rl:\n"; ok

72 .+, rl.Draw(}; ; s

73 cout << “"\nDisplaying r2:\n";

74 r2.Craw(); ‘

75 cout << "\nDisplaying £3:\n";

76 r3.Draw(); i N 0

1 cout << "\pDisplaying ré:\n"; . . H

78 r4.Dravw(}: . . - ) :

79 cout << endl; ’ o4

80 Goodbye () ;

gl //Note destruction of temporary Rectangle object

82 Goodbye (rd) ;

a3 cout << endl;

84 return 0;

85 }

13

87 void Goodbye (int x)

a8 {

89 cout << "Hello from Goodbye(int x = “

90 << x << "\n";

91 ]

92

93 vaid Goodbye (Rectangle r)

94 {

95 cout << "Hello from Geodbye(Rectangle)\n";

96 }



Module 9: Tuning Member and Globdl Functons 161

Inlining Functions

Slide
Obijective
Explain the
benefits Of
inlining
functions. The
syntax is
covered in the
Demo program.

a Defined Withinthe Cless
= DefinedUsing theinline Keyward

Inline Member Functions

It has already been established that manifest constants can be useful to the
document values your program uses. The compiler would substitute the value
specified wn the #define line before generating code. The second use of the
fdefine is tocreale a code fragment (fypically an equation) called a macro.
Although macros add to program readability and are treated like inline functions,
the argurnents 1o a macro 4o not benefit from type-checking, and therefore suffer
side effects.

The inline keyword is a suggestion to the compiler that the body of the following
function should be substituted at the location where the function is invoked. A
function can be labeled as inline in either its delinition or declaration. The inline
and static keywords have similar effects on a function’s visibility — both limit
linkage 10 the local file or ¢lass (translation unit). Also. the compiler needs the C++
code of an inline function to expand a call to it. Therefore, inline functions that are

- —used-in muitiple files should be defined'in"H files:” T - - -,

Delivery Tip
Reming
students of the
overhead
associated with
a function call
(recall the
graphic
depicting the
stack frame for
the SWAP

program).

Inline functions avoid the overhead associated wath a function call, Data hidden
through private keywords, but accessible through Get functions, is readily
available. The tradeoff is repeating the function body within program code. This can
increase code size.

A class member function may be implicitly defined as inline by including the body
of the function within the class. Accessor functions, such as the Get and Set
members discussed wn the class module are good candidates for inline functions. A
good rule 1s short functions of five statemenis or less.
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Demos

IMPLICIT.CPP is located in \DEM = \MOD9, I demonstrates a member function
defined within a class.

1 // IMPLICIT.CPP found 1: ‘jdemos\imed09

2 // Implicitly “inline" fu :tions have the function bedy
3 // defined within the class definitioen.

4 #include <icstream.h>

5

6 /titt*lklt*t*it Money Class NDefinition #*# s erxkkamexn b hkxwn /)
7 class Meoney

8 {

9 public:

10 Money {long 1D, int nC)

11 lDollars (1D), nCents (nC)

12 { }

13 void Display() ( cout << "$" << 1lDollars << "." <«
14 nCents; }

15 privatea:

16 long 1Dc L3

17 int nCenza;

18 Vi

19

20 VAR EEEE LR R R Small Teat Function IEREEREE SRS EREES SN
21 int main ()}

22 {
23 Mcney PocketChange (1, 50);

24 Mcney MoneyClip (12, Q};

25 PocketChange.Diaplay ()
26 cout << endl;

27 MoneyClip.Display({):

28 cout << endl:

29 return 0;

()
o
—
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EXPLICTT.CPP is located in \DEMOS\WMODG9. It demonstrates inline
implementation of a class member functon.

// EXPLICIT.CPP found in \demcs\mod0Q9

// Using the "inline" keyword, functions are suggesated
// for inlining regardless of the location of body.
binclude <iostream.h>

Jresxaswncurrtex Money Class Definition rrrasxesssranaany/
class Money
{
public:
inline Money{long 1D, int nC}:
inline void Display{}:
private:
signed long m_lDollars;
int m_nCents;

}:

/t*wk&*nkt*tt Money Claass Membar Functiona ttltllititit*l/
Money::Money (long 1D, int nCj

m _lDollars (1D}, m_nCents (nC}
{1}

void Money::Display ()
{
cout << "$" << m_lDollars << "." << m_nCents;

}

/rhkxrsxkrxtxnkakxd Small Taest Functiocn trttuatntnuft*w-utt/
int main(}
{

Money PocketChange {1, 50}

Money MoneyClip (12, 0):

PocketChange.Display():

cout << endl;

MoneyClip.Diaplay()}:

cout << endl;

return 0;
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Constant Member Functions

Slide
Obieclive
Inlining may
add efficiencies
to the program
code; “const”
member
functions may
aiso.

= oonst Marber Fundicans Meke aPrarriseNat to Chonge
the Vidue of the DdaMaters.

s Advanioges

» Scf dsighadinparatdian
s Hép ol dimzeaxe

Key Points
Func doesn't
change data.
Func doesn’t
call another
member func
‘o change
data.

Func is not c'tor
ord'tor.

Member functions often do not change any of the values of the data members; that
is, they do not change the state of the current object. For example, you have seen
this constant behavior in accessor and display member functions. C++ supports this
concept by marking a member {unction as const in both its declaration and
definiuon:

class Rectangle {
public:
void Display{void} const;

i
void Rectangle::Diaplay(void) const

{

Now if Display tries o change one of the data members, the compiler will issuc an
error. The compiler also tracks calls that Display makes, even disallowing Display
1o indirecuy change a data member. Therefore, a canst member function cannot
call non-const member funciions within the same class.

Constructors and destructors should not be labeled const.
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Constant Objects

Slide
Objective
Tconst” may
also be used os
a type-moditier
in the
declaration of
an object,

Rule: Coject
must be
initialized at
declaration.

a Similar to Constant Stenckrd Tygxes
a Ctn Only Invoke Consterd Merrber Fundlions

Constant objects ¢an be created:

const Rectangle rectunit(1,1,0,0);

When a conslant object is created, it must be assigned correct values by invoking -

the logically proper constructor. After creation, a constant object may ot be
changed. According (o this rule, both of the following staiements are illcgal:

rectunit = rectl; // error!
rectunit.SetWidth (10} // error!

Only constant member functions may be invoked for a const object. Assuming that

Display is now constant, you could code as follows:

rectunit.Diaplay(); // okay

This introduces a third reason (o use constant member functions: to allow class

users 1o create and properly manipulate constant objects of that type.
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Demo
CONST.CPP is found in \DEMOS\MODO9.
1 // CONST.CPP found ia \demos\modQ9
2 // Demonstrates const memper functions and
3 // const Rectangle objects.
4 tinclude <iostream.h>
5
6 AR RN E N ER LW Rectangle Clasa Declaration **t*waktehenkdn /j
7 class Rectangle
8 {
g public: // censtruction
10 Rectangle{int h, int w, int x=0, iat y=0):
11 ~Rectangle{):
12 // operations
13 void SetCenter (int, int);
14 void Size{int, 1nt};:
15 void Draw() const; // "const" member function
16 private: // implementation
17 int m_x, m_y,
13 int m_nHeight, m_hWidth;
19 ki
20
21 /*xxsnvxnx Ractangle Member Function Dafinitions *swstwxw/
22 Rectangle::Rectangle{int h, int w, int x, int y)
23 m_nHelght (h), m_nWidth {w), m_x (x), m_y (y)
24 {
25 cout << "Rect c'ter\n";
26 }
27
28 Rectangle::~Rectangle({)
29 {
a0 cout << "Rect d'tor\n";
k3 }
32
33 void Rectangle::SetCenter(int x, int y)
34 {
35 m X = %;
36 m_y = ¥i
17 }
38
39 void Rectangle::Size(int nh, int nw)
10 {
41 m _nHeight = nh;
42 m_nWidth = nw;
43 }
44
45 // Function definition must also be “const"!
46 void Rectangle::Draw(void) conat
47 {
48 // m_nHeight = 0; //illegal
49 // SetCenter (0,0): //illegal
50 cout << "Rectangle at x:" << m x << " y:" << m_y:
51 cout << " height:" << m nHeight
52 << " width:" << m_nWidth;
53 H
54

{continued)
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535
56
37
58
58
60
61
62
83
64
65
66
87
68
69
70
71
72

/*!.*f‘*l.‘*‘***. small Teat E‘unction ."ﬁ*.*.tt.t..l’lﬂ.‘/
int main()

{

/7
/7

// medifiable cbject
Rectangle rl {1, 2, 3, 4);

// constant objects
¢onst Rectangle recl {10, 10), re2 (rl):
cout << "\nDisplaying recl:\n";
rcl.Draw{):
cout << endl;
cout << "Displaying rc2:\n":
rc2.Draw();
cout << "\n\n";

rl = re2; // ok to modify rl
rc2 = zl; // error: using rc2? as lvalue
rel.Size (20, 20); // error: const arg mismatch

return O;
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Lab 7: Tuning Your Member Functions

Slide

Objective = \ -

Execute the lab
sclution.

Explain the
purpose of the
lab.

Ask students to
read the
scenario.
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> Overview

Slide
Objective
Provide an
overnview of the
module
contents.

t's
recommended
that you run the
lab solution
pricr to
delivering the
module, The
topical areais
the scme
(Date), but the
program
autornatically
determines

‘= Qess-WseSides andBehadars
= Static DdaMambers

' w StcticMarber Fundians

"= WhentoUseStdicMarbers

oday’s dafe.

Delivery Tip
Static members
were not
discussed in ihe
QOAD
modules. They
can be viewed
as either

1) representing
invariant
attributes and
behavior for qil
class objects, or
2) alternately as
aftributes and
behaviors of
entire ¢classes.
(That extends .
the classas a
limited actor in
s own right.)

lab . - R

Using Stati¢ Data and Membérs

Module Summary

A static member supports the concept of class-wise or object-invariant behaviors or
states. When used properly, static members help creale more robust and efficient
class implementauons. They eliminate unnecessary duplication in every object,
while still ensuring proper encapsulation.

Objectives

Upon completion of this module, you will be able to:

« Create and initialize stalic data members;

. . Create and invoke static member functions;

s Understand the limitations and benefits of static members;
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Class-Wise States and Behaviors

Slide
QObjective
Define the
puipose,
features cnd
benefits of the
“static” type-
modifier for the
class from 1)
data member
and 2) member

= Stctes or Ddalrvericnt fo All Oass Chjects
s Behavior Invearlent to All Chjects

function
viewpoints.
The static keyword may be used with a local variable to implement persistence of
an assigned value, or used with a global variable to hide the variable from functions
in other source files. Similar use with a static global funcuion sets the function’s
visibility to be callable only from other functions in the same source file. Within
C++ classes, the static keyword may be used to modify the attributes of either a
data member of a member funciion.
Key Point The static attribute indicates that a member generally acls at the class level and is
From class view | 10! different for each object of that class’s type.
Kevy Poin Sometimes a class will have an auribute that must have the same value for all of its
ey ro objects. For example, a Character class might have an ASCI/EBCDIC/ Unicode
From member : L . ) .
data view transiation table. Although it is possible to allocate a new instance of this table for
each Characier object created, 1t would be very inefficient to do so. Such a table
would be a prime candidate for becoming a static data member. As such, only one
copy is created for the enure class.
- Member functions can also be static. These functions do not manipulate any of the
Key Point

From member
function view

object’s data members—rather, they act at the class level, often manipulating static
data member(s). For example, an ASCIItoEBCDIC function would probably be
static, Static member functions are also often used 1o perform high-level actions
connected with a class.

Our Screen class also contains static members. If we assume that although there
may be multiple logical display spaces there will be just one actual hardware
monitor displaying the objects, then the members concerned with the momnior will
be static because there is Just one-per-class instance of 1.

Tip Do not confuse static members with constant members.
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Static Data Members

Slide
Objective
Coencentrate
on static data
member needs:
“static”

x Sictic DataMaTbers: UseTheselrstec:id Gobxd
Varichles RddedtoaCcss ‘

varable at file
scope to some
benign value
{outside any

class or func
d.nfipiﬂen h .

The initiatization
syntax does not
actually break
the private
access of the =
Class member.

static as in:

static int bVidState:

Both non-static and static member functions can access static data members.

keyword, » Preceded by Keywardsidtic
initiatization,
and aeCess. = (n Be Accessed by stdtic and Nanvstetic Marrber

Functions

i

Key Points Static data members can be an improvement over global variables. A static data
Usev‘sfctic" member has the samc lifetime as a global vanable (the enure program) and there is,
keyword when only one instance of the vanable—but its use is restricted to (encapsulated in) the
defining the class.
%ﬁ?gﬁ;‘gember. Static data members are declared by prepending their declaration with the keyward

Each static data member must be initialized once and only once before the main
function, for example:

int Screen:

:bVidState = OFF:

ifitialization stalement must be outside Lhc class ; definition and at file scopc Il
causes Lhe storage space (o be altocated.
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Demo
STATICI.CPP is found in \DEMOS\MOD10.

// STATICl.Cpp found 1n \demo\modlQ

// Demonstrates use of atatic data member. Note: fge is
// ForeGround Color, brec :s BackGround Color.

$include <iostream.h>

$define BLACK
#define WHITE
tdefine RED
$define GREEN
tdefine BLUE

= b N

tdefine ON
$define OFF 0

—

/l’ﬁ*t!tﬂ.ltlttttltt**l Screen Class IES RN EESEENERENERSENENN]
Maps the logical display space onto the video
monitor. The class allows multiple logical acreen
objects to be created. It only supports one
physical video meniteor through atatic members.

tt*ttﬂt.#l.tt‘lltttﬁ!llllR!’lll’l!tl!tltl‘l.’lltll*.lﬂﬂ!*iﬂ‘l’./

class Screen

{

public: // construction
Screen{short fgc=WHITE, short brc=BLACK)

m FGC(fgc), m BRC(brc)
{:}
void Graphics{int batate)
{ -
bVidState = bsatate;
}
int Update (void): // implementation

private: // one inatance of static data ashared by objects
atatic int bVidState; // video QOFF=0, ON=1
short m BRC; // background coler
short m_FGC; // Eoreground color

I

/itlitit!t!lli! Screen Membar Functions !ltlttt*tllattttl/
int Screen::Update{void)
{
if (bVidState == OFF)
{
cerr << "Errer: monitor 1s pot in video mode.";
return 0;
}
cout << "Monitor updated: FGC ia *“
<< m _FGC << ", BRC is " << m_BRC << "A\n":
return 1;

// NOTE: Static data members must be initialized to a
// value at file scope prior to any execution.

int Screen::bVidState = QFF; // Asaume initial state: OFF

{continued}
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54
55
36
37
58
59
60
61
62
63
64

JAXAs kR e REATAREN Gmal]l Tast Funchbion *rANkAtcrhantaadatdhn/

int main ()

{

Screen sl (BLUE};
sl.Update () :
cout << endl:
s]l.Graphics (ON);
sl.Update():
return 0;

// fails because mcde is OFF

// succeeds now
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Static Member Functions

Siide
Objective
Rhetorically:
How could
static members
help initiclize
the screen?
Answer: “static”

= (Jcss irveriant Process
s Prececkedby Kepwordsidic
= Con benvaced Withaut an Chiext by Using the Cdon

Static mermber
functions may
be invoked by
1) an object
using the ™"
dot cperator, of
2) the class
using the *.”
scope
resolution
operaror
(regardless of
whether any
objects exist.)

member Resdution Cperciar ::

functions have » Limited DefaAccess Rights: Om Only Mmipuldestdic

special DdaMarbas

properies.
Static member functions can be an improvement over global (non member)
functions. A static member function can be invoked in the absence of an object. but
it is still encapsulated withun a class.
Static member functions are declared by prepending their declaration (but not the
definition) with the keyword static, as in:

static int InitVideoc(void):
Access to a static member function can be achieved through two mechanisms:
- 1. Usi 1 t ject:
Key Points Using the standard dot operator on an objec

3l.InitVideo ()

2. Using the class name and the colon resclution operator:

Screen::InitVideo();

Static member functions may be invoked, even if there is no current object of that
class, by using the class name and :: operator.

However, static member functions are limited in that they cannol access non-static
member data. That is because this information 1s contained within objects, and
static member functions work al the class level. Therefore. most programmers
prefer 1o use the class name and :: operator syntax, because it is more suggestve.
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Demo
STATIC?.CPP is found in \DEMO\MOQODI10.

// STATIC2.CPP Found 1n ‘\demo\modl0
// Demonstrates use of static data and function. Note:
// fqc is ForeGround Color, brc 1s BackGround Color.

#include <iostream.h>

¥define BLACK 1
fdefine WHITE 2
#define RED 4
¢define GREEN 8
fdefine BLUE 1

#define ON
fdefine OFF
tdefine TRUE
#define FALSE

(=1 o=l S

/llliliilﬁt*att:tl‘tt*l Screen Clagsg Wk xR KA A F AT OANAAT N rk k&

Maps the logical display space onto the video
menitor. The class allows multiple logical screen
objects to be created. It only supports one
physical video monitor through static members.
AERE N NAKRRREARNERE A AA A AR R A AR A A AN AR RS AT RRAAN RSk AR R ARk A
class Screen
{
public: // construction
Screan{short fgc=WHITE, short brc=B8LACK)
m_FGC(fgc), m_BRC (brc)
{:1
void Graphics(int bstate)
{
. bVidState = bstate;
}
int Update(void); // implementation
// "atatic" member function has normal scope
static int InitVideoc(veoid}:
private: // one instance of static data shared by objects

short m_BRC; 77 backqround celor
shert m _FGC; // foreground coclor
1

{continued}

_static int bVidState;..//. video. QFF=0, ON=1 -. - - -

]

“/

e

-
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
0
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
19
80
81
82
83
84
85
86
87
88
89
90

/l*utl*igttlt*a Screen Member, Functions *tlttttilttttllta/
. : ' EERL
int Screen::Update (void}

{

int

¥4
r
/

1f
{

}

(bVidState == CFF)

cerr << "Error: monitor is net in video mode.\n":
return 0;

cout << "Monitor updated: FGC is

<< m_FGC << ", BRC i3 " << m_BRC << endl;

return 1l;

// static member functien

Screen::InitVideo {void}

int

success = TRUE:;

cout << " (Re)Initializi 3 Monitor: ";

Magic here: try tc 1nit :lize monitor te graphics mode.

if

{
/
7

’/
/7

}

{success)

cout << "succeeded. a":

cout << " in BR cel:r " << m BRC; // Illegal:
attempting to display member data before any
object exists! Typically static funcs only modify
static data!

bV¥idState = ON; // Only "static" data may be aset.
return TRUE;

cout << "failed.\n";
return FALSE:

//
//

NOTE: Static data menbers must be initialized to a
value at f:.le scope >rior te any execution.

int Séreen::bVidState = OFF // Assume ipnitial atace: OFF

/t**tt*ttitt*tit Small Test Function *iwnnin*tﬁttltsttill-/

int main(}

{

// Static function may be accessed

Screen::InitVideo(}; // without an object (using ::)

Screen al (BLUE);

sl.InitVideo{}: // access via cbject, auccess
sl.Graphics (ON};

al_Update{}:

return 0;
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When to Use Static Members

= Qcbd Verickes o Fundiians
. = staicMembers
= NonStdicMerbas

When you want 1o access information or implement a behavior with respect 10 an
object or a ciass, you really have three choices: global functions and vanabies,
static class members, and non-static class members.

Giobal variables and functions should be used when information or processes must
be shared throughout an entire program, but they do not logically belong in any of
the recognized classes. Remember two points; 1) that the number of global
variables should be kept at a minimum, and 2} as a program develops, new
candidate classes are often discovered.

Non-static members represent the state of each object and the behaviors that affect
those states.

Static members represent class invariant states and processes thal affect those
invariant states. Sometmes, static member functions also perform global actions
not directly affecting static daia members. We can see that static members
represent a nice middle ground between standard members and globals.

Note that each global andrmcmber function can also contain local variables that are
encapsulated within that function. These variables are important when
implementing a function, but like data members, they should be mostly invisible o
the user.
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Lab 8: Using Static Data and Members

Slide
Objective
Execute the lob
solution.
Explain the
ourpose of the
lab.

Explain MFC
AFX H (see Del
Tip).

Ask the
students to
read the
|scenarno.
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Y. Overview

Slide
Objective
Provide an

overview of the |

module
contents.

= Why Use £ mbedded Chjects ?

» QedingaQass wihEnbeddedChjects
s Guaranteed Qrder of Construdtion and Dsstrudion
» AnExardeUsingRedtenge andPaind '

Module Summary

In the last two modules, you created and performed some optirnization on simple
classes. [n this module, you will learn how (o create classes that contain objects or
instances of other classes.

Embedding objects is an important technique for exiending your class. In effect, you
use code that other programmers have wntten. Remember, code reuse is an
important reason why you are making the shift to GO programming in the first
place.

- The mechanism for embedding an object is straightforward. In the surrounding

class’s declaration, simply declare an object of another class as a data member. The
C++ language guaraniees that the embedded objects within a class will be
constructed and destroyed at the appropriate times.

[n this module, you will transform the simple Rectangle class to contain a Point

" object that 15 a center point.

You will use embedded objects throughout the rest of this course.

Objectives
Upon completion of the module, you will be able to:
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Key Points
Explainthe
module
objectives in
Q0D terms.
Execute the lab
solution to show
G problem
domain,

Sight examples:
Inventory
“contgins Q”
PartiD.

A Sales Order
‘contains”
inventory.

»  Add an object of a different class as a data member of a new class.

a Test your class by crealing a program 1o instantiate objects.

Lab

Containment and Embedded Objecls
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Slide
Objective
Provide an
overview of the
features and
benefits of
using

containment.

Why Use Embedded Objects?

1 Mocls g“Contdrs,” “is Composed df,” o “"Owns™
Reldtiorship

Redmge(Sufo.mlga Owning Chied))

Remember from the first two modules on GOAD that containment or embedding
represents a ‘contains,” “is composed of,” or “owns” relationship, In this example.
every rectangle contains a center point.

It is important to contrast containment with inheritance; the latter implies a “is a
type of” relationship. [rhentance will be discussed in the next module.

Class relationships are initially determined during the A/D phase. During this
phase, it may be noticed thal some more complicated classes actuaily are composed
of other logical entities—an assembly, so to speak. These component porions may
be rich enough in their own right (o deserve being modeled by classes. This is
especially true if the components will be reused or replaced in future projects.

Since embedded objects are data members, they normally have private access
specification. Because of this, users of a class with embedded objects tn it may be
unaware of thal fact because they only use Lthe public interface for the surrounding
class. For example, as a user of the Rectangle class, you may not be able (o tell

e - —_..— . (withour looking.at the class source code) if the location of a rectangle is

implemented as a center point ~as center x and y coordinates stored as integers, or as
a pair of upper-right/lower-left coordinates. Nor should you care.
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Slide
Objective
Propose the
following high-
level steps to
implement
classes where a
surrounding
class “contains”
objects of
ancther class,

Creating a Class with Em>edded Objects

» Delerminethe Publicirterfcoes of Suroundng Qcss
ad Errbeckied Qcss Sepxadey

= Inplement the Ermbectied Qcss
| = Implerrent the Surrounding Cicss

Key Point
Make an effort
to create a full,
useful interface
for both classes.

Key Point
Only the
surrounding
class “knows™ it
contains
another object.

After the need for an embedded object has been determined, the next step is 10
specify the required interface for its class. Since it is embedded, that interface is
largely determined by the surrounding class. But since an embedded object may
have future use in other projects, some effort should be made to implement it as a
complete, self-supporting class.

The surrounding class’s interface must also be fleshed out. After these two
interfaces have been specified, it should become apparent if the original
containment relationship is sull valid.

Nexi, separately implement both c!. -ses to al least initial level:
s Create stub member functions.

a  Embed an object into the swrrouding class.

e Make initial connect..ns between the conlaining class’s member functions and
the embedded object.

s Test implementaton. .

Typically the communication between them will be one-way from the surrounding
class to the embedded abject.
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Guaranteed Order of Construction and

Destruction
Objective » Constructiore First Embedded Chiedds, Then
The compiler Suraundng Chject
automaticaily .
handles ¢'tor = Destrudion First Suraundng Chiect, Then E roecided
and d'tor Clieds
execution in the
i Owner Obj :
order depicted ner Object Embedded Object !
Innermos! Embedded Object Ff
Onion Ansalogy:
c'tororder: E2, E1, W
d'tororder: W, E1, E2
Delivery Tios The C++ language guaraniees that when an object is instanuated, all embedded
PreslenTn{hejp poruons of thai object will be built first, followed by the surrounding object.
c'tor/d'tor Caonversely, when an object is destroyed, the surrounding or owning object is
process as destroyed first, then the embedded objects are destroyed.
easy. effortless. Embedding can be nested to any level. The order of construction and destruction 15
and automatic,

extenided, and 1s analogous to building and ripping apart an onicn.
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Slide
Objective
Highlight the
orvate “Point”
data member,
then show how
the ¢ tor builds
it and

An Example Using Rectangle and Point

saary

class Point {. . . }: :

class Rectangle {
public: :
Rectangle(int h=0, int w=0, Point p=Poinc{0,0)): |
Rectangle(int h, 1nt w, int X, int y): :

SeTCenTer ~Rectangle{}: \
mutates the vold SetCenter (Point p}; X
rn_Cenfer. Point GetCenter (void);
private:
Point m_Center;
int m_nHeight, m_nWidth;
}i ’

In the demo program, we have replaced the x and y integer data members with an

embedded object of the class Point. Note the following lines in the source:

»  Declaration of member m_Center within the class Rectangle

» The use of the colon initialization syntax in the constructor for Reclangle

= [mplementation of the Get Center and SetCenter member functions.

Because we have factored oul a concise entity from our original Rectangle

implementation, we now have a very usable, modular second class called Point.
Kevy Poinl Also note that the interface to our Rectangle class is now at a slighily higher level,

y roin having moved away from x and y integer coordinates 10 Powt coor:unates. Although

Rectangle L . , . . .o )
“knows® about | 1tis often true that the surrounding class’s interface “martures™ after :mbedding
Point and objects. from an implementation standpoint. Rectangle’s interface does not depend
implements on how we implement coordinates as dala. We maintain data independence.
Point as

‘m_Center.”
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Demo
CONTAIN.CPP is found in \DEMOS\MODI11,

O m o~ ;s W

B oA D oE LoD bW W W W WWwWWw NN RNRBNNR SR e e e e
AU B WN P OOVEAdnNEWRNEREOWE GO WM e WSO YOO s Lo

// CONTAIN.CPP found 1a ‘demoa\modil
// Classes that contaln classes use embedding.
tinclude <iostream.h>

/tlltil.lt!fil’l’lt.iltf point Class IEESEENNENEREEREESES S EN)
Declaration and definition since the Point class has only
implicitly inline member functions.

ttkﬁt.l’ll’ltll‘ltllal’l’!tllRl‘.kil!I'.t*‘ttt*.ll’ﬁi'tltk*l’*.*ti!/

class Point

{

public: // construction

Point {(int x=0, 1int y=0)
m x(x), m_y(y}

{ cout << "Point c'taoer\n"; }
~Point ()

{ cout << "Point d'torin"; }

// attributes
int Getx(void) ( return m_x;}
int Gety(void) { return m_¥:}
void Setx(int x) { m _x = x; }
void Sety(int y) { m_y = y; }
private: // 1mplementation

int m_x. m_y;

1

AR R AR R ELE] Rectanqle Class Declaraticn I EEEEEREERENERENS
class Rectangle
{
public: // constructien
// Default c'tor creatas "point" rectangles at 0,0
Rectangle () ;
// 3-arg c'tor (default arg) may invoke Point
// ¢'tor (and its default copy c'tor) to build
// a Point object at 50,530
Rectangle(int h, int w, Point p=Point (50,50)};
Rectangle(int h, int w, int x, int ¥y}
~Rectangle () ;
// attributes
- void SetCenter{Point p):
Point GetCenter (void};
// implementation
void Size{int nh, int nw}:
void Draw{void});
private:
Point m_Center;
int m_nHeight, m_nWidth;
b:

(continued)
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48
49
50
51
52
33
54
55
56
57
58
59
60
61
62
63
&4
&5
66
67
68
69
70
71
72
73
74
75
76
77
78
78
890
81
82
83
84
85
a6
a7
88
89
50
91
92
93
94
85

/x*xwskkksr Racrangle ‘Member Function Definitions *2reaaww/
inline Rectangle::Rectangle(}

m_nHeight (0}, m_nWidth (0}, m_Center (0,0}
{

cout << "Rectangle default c'teri\n”:

inline Rectangle::Rectangle{int h, int w, Polnt p}
m_nHeight (h}), m_nwWidth({w}, m_Center(p)
{

cout << "Rectangle c'tor: 3 args (int,int,point)in";

inline Rectangle::Rectangle{int h, int w, int x, int y}
m_nHeight (h}, m_nWidth(w), m_Center(x,y)
{
cout << "Rectangle c'tor: 4 args (int,int,int,int)\n";

}

inline Rectangle::~Rec¢tangle ()
{
cout << "Rectangle d'tor\n";

}

inline void Rectangle::SetCenter (Point p)
{
m_Center = p;

}

inline Point Rectangle::GetCenter {(void)
{
recurn m Center;

1

void Rectangle::Size{int nh, int nw}
{

m_nHeight = nh;

m_nWidth = nw;

}

// Currently just a display function
void Rectangle::Draw({void)
{
cout << "Rectangle at x:" << m _Center.Getx()
<< "t oyt <« m_Center.Gety();
cout << " height:" << m_nHeight
<< " width:" << m_nWidth;
}

(continuad)
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91

96

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115

/*kttttltl*itill!lt Simple Tesat Function t!ttittlttunnti/
int main{)

{

cout << "Create pl:"; // Create a Point, pl. at
Point pl (25, 35); // coordinates 25,35

cout << endl;

cout << "Create rl:"; // Creating rl creates a Point
Rectangle rl: // with default center 0,0

cout << endl;
cout << "Create r2:";

// Create r2 using pl oebj

Rectangle r2 (1, 2, pl); // for center at 23,35

cout << endl;
cout << "Create ri:";

// Create rl.

Rectangle

Rectangle r3 (B8, 8, 9, 9); // c'tor creates Point(9,9)

cout <<"\nNow leaving main{):™;

//Note: destruction order of non-embedded objects
//with respect to each cther is not guaranteed.

return 0;
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Lab 9: Containment and Embedded Objects

Slide
Objective
Execute the lab
sclution.

Set the lab
objectives.

Ask stucents to
reqd the
scenaro.

For Your
Information
This version of
the Inventory
class has
private data
including:

int
m_nQuantity

and three
objects:

PartiD
pPartNbr
Money mCost
Date  dQrig
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Y. Overview L

Slide
Objective
Provide an
overview of the
rmodule
contents,

= DesigningClesses for Inheritcroe
a Why Use Inheritanoe?

s Synfax andUscge

a Rddionships Between Cheds InaHleradhy
s Qvaridng cnd Qudificction

» Inheritanoe ond Irrdidt Cdl Orcler

» Conird FlowDuring Corstrudtion

n Paoass; toBcse Qcss Marbers

This is the last of five modules on implementing simple classes.

Module Summary

In the last module, you studied one possible relationship between classes and their
objects—contanment. In this module you will study another important relationship:
inhentance. Remember that inheritance implies “a type of" relauonship. (A third
relationship, templales or paramelterized types, is beyond the scope of this course.)

A more formal definition for inheritance is the capacity 1o definc new types by
stating the differences from a more general type. Inhentance is the mechanism for
developing class hierarchies. Class hierarchy is an important concept that underlies
commercial class libraries.

Objectives

P
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Key Points
Cover the
objectives and
propose a
problem to be
solved in the
lab. ISM does
business
internationally
and receives
inventory from
various places.
Rather than
create g class
for every
country andg
currency,
encapsulate
the problem
into a single
class that
“knows” how to
handie
exchange
rates.

Upon completion of this module, you will be able to:

o (Creale a base class. |

o Creale a derived class.

o Add a member function to a derived class.

s Properly pass initializers along the construction chain.

o Test a derived class by instantiating objects from it.

Lab

Inhentance
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Designing Classes for Inheritance

Slide
Obijective
Explain the
graphical
representation
of inhemance.
Show the big-
picture
concept. Note:
Arrows go UP to
the base class.

[

Geometric Shape

1 |

Rectangle Elllpse Triangle -

Delivery Tips
Keep it simple.

Key Points
Stress
terminclogy:
Base
Derived
General ->»
specific
“kind of”

Remember that in the original class design from the first two modules, geometric
shapes formed a natural hierarchy, as depicted above. This hierarchy has the
following features:

a A base class: Geometric Shape

= Three derived classes: Rectangle, Ellipse, and Triangle

n Progression from general to specific, where the derived classes have a “kind of”
relationship 1o the base class.

As noted in an carlier module, the base class is also called the parent class or
sometimes the superciass; the derived classes are also called child classes or
subclasses (super/subclass terminology is from Small Talk®).

Reference
Refer 10 “Derived Classes,” in the C++ Language Reference.
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Why Use Inheritance? =

Slide
Objective
Explain the
purpose and
benefits of
inheritance
using QOD
terminology.

» Hierachiod Qartty
= CodefactoringandReawse
= Covrondiodsaibedaty aae
» Comonmenty furdias wakngan anmrondita
witten ity ace
= Flexie Allity to Extend Existing Cicsses

= Acrroeciomen s (difbues) admerog
furdtiars (ehaias)

» Owick (chonge) irebehodas o helocse dass

As noted before. a language support of inheritance is important to modetl real-world
relationships. You will see that since C++ syntax derotes inherilance concisely, the
design wntenuon is conveyed wath authonty.

Because derived classes are a type of the base class, derived class objects
automaucally gain most of the member functions and data members of the base
class. This alleviates much of the repetitive coding or data-rype tricks necessary to
mimic an inheritance relationship in a procedural language like C.

However, a derived class (object) is obviously different from its parent. Therefore,
C++ allows you to extend the denved ciass by two means:

=& Creating additional members in the derived class,

s Changing the meaning of an interface inhenied from the base class by
overriding il.

When applied properly, these features make inheritance a very powerful concept.
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Syntax and Usage

Slide ]
Objective *
Show the syntax
and detail
public
inheritance.
Eschew
protected and

private.

a Irtma*ifc‘mls Denctedin the Derived (s Deddardion
s Aninheitence Spedficdion Is Required
3 Pudicaaivdionis wsedinova 9% o d ases!

class derived class_name : public base_class_name
{
public:
{additional and overridden functions]
private:

[additional data members]

}:

The class declaration syntax for showing inheritance is straightforward. For
example:

class Rectangle : public GeoShape
‘ :
public:

b2
[n the foil, note the use of the keyword public. In the first line, it denotes

inheritance specification. In the third, it denotes access specification (which you
should be fanuliar with).

The vast majority of designs in C++ use public derivation. The use of private and
protected derivation is beyond the scope of this course.



200 Module 12: Using Inheritance

O @ -2 n s W N e
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Demo
INHERIT.CPP is in \DEMOS\MOD12.

// INHERIT.CPP found in ‘demos\modl2 *

// GeoShape has an embedded Point. Rectangle inherits
// from GecShape and calls base member functions.
finclude <iostream.h>

fAt*xkxx Daclaration and Definiton of Point Class **haen/
class Point

{

public: // constructien
Point {int x=0, i1nt y=0)
m_x(x), m_wI(y)
{ cout << "Point c'tor\n"; }
~Point {)
{ cout << "Point d'tor\n"; }

int Getx{void) ( return m x;} // attributes
int Gety(veid} { return m_y;}
void Setx{int x) { m_x = x; }
void Sety(int y) { m_y = y: }
private: // implementatien
int m_x, m_y;

b

JERER KN X IREER GeoShape Class Declaration *redrassnxsntdtrnan
* Base class for the 2-D geometrical classes Rectangle, *
* Ellipse, and Triangle. Dimensions do not make sense *
* for a generic shape, but a center point does, "
lRi***lItlﬂ.lﬁ'lli’l‘ﬁl’ﬁllIttl.llIl!Itl!!!lil*'l’ll!t*il!#ll,

class GeoShape

{

public: // consatruction

GeoShape (Point p=Point (0,0});
GeoShape(int X. 1nt y};
~GeoShape () ;

void SetCentar(Point p): // attributes

Point GetCenter (void};

void Draw{veoid): // operations
private: // implementation

Point m_Center; // Point is "embedded" in GeoShape
i

frsxsxawxxtkkx Rectangle Class Declaration *revtrarsraxex/
clasa Rectangle : public GecShape // public inheritance
{
publaic: // construction
Rectangle () :
Rectangle{int h, int w, Point p=Point(50,50));
Rectangle{int h, int w, int x, int y}:
~Rectangle ()

void Size(int nh, int nw}; // operations
void Draw{void);
private: // implementation

int m_sHeight, m_nWidth:
Vi

{contlaued)
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55 frrxrexax GagShape Member Function Definitions twaxeaskss/
56 inline GeoShape::GeoShape (Point p}

57 H m_Center(p}

58 {

59 cout << "GeoShape c'ter: 1 argh\n";

60 }

61

&2 inline GeoShape::GeoShape (1nt x, int y)

63 : m_Center (x,Y)

64 {

65 cout << "GeoShape c'tor: 2 arg\a";

66 )

67

68 inline GeoShape::~GeoShape()

69 {

70 cout << "GecShape d'tor\n";

71 }

72

73 inline void GeoShape::SetCenter(Point p)

74 { -

75 m_Center = p;

76 }

17

78 inline Point GeoShape::GetCenter (void)

79 {

80 return m_Center;

81 }

82

a3 /* Currently just a display function */

a4 void GeoShape::Draw (void}

85 {

86 cout << "Center at x:" << m_Center.Getx()

87 << " y:" << m Center.Gety(} << endl;

88 }

a9

9c fe#**x*ur Ractangle Member Function Definiticns x**rawxex/
91 inline Rectangle::Rectangle(}

92 : m_nHeight (0), m_nWidth(0), GeoShape (0,0}

93 {

94 cout << “"Rectangle default c'tor\n":

95 }

96

97 inline Rectangle::Rectangle(int h. int w, Point p}
98 : m_nHeight (h}, m_nWidth(w), GeoShape (p}

%9 {

100 cout << "Rectangle c'tor: 3 arg (int,int,Point)\n";
101 }

102

103 inline Rectangle::Rectangle{int h, 1nt w, int x, int y)
104 : m_nHeight (h), m_nWidth(w)}, GeoShape (%, ¥)

105 {

106 cout << "Rectangle c'tor: 4 arg (int,int, int,int)\n";
107 }

108

109 {concinued)
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149

inline Rectangle::~Reczingle()
{

cocut << " actangle 4'tori\n":

void Rectangle::Size(int nh, int nw}
{

m_nHeight = nh;

m_nWidth = nw;

]

/* Currently -ust a display functien =/
vold Rectangle::Craw{void)
(
GeoShape: :Draw(}; // i: used for gqualification
cout << " height:” << m_nHeight
<< * width:" << m_nWidth:

]

/ntntttgnttntq Small Tast Program tttttntn-‘t**ttitggt-ttt/
void main (;
{
cout << "Create p:'";
Point p (55, -53):
// Although it's possizle to tag a class to
// enforce 1ts abstractness, the method is
// beyond the scope o: this courase.
cout << "Creating two generic objects:\n";
GeoShape gl, g2 {12, -12);:
cout << "Creating three rectanglesa:\a";
Rectangle rl (2, 4, 150, 150),
r2 (10, 10, p).
r3 (55, 55):

cout<<"\n\"Draw\" two objects:\n";
cout <<"gl draws 3: \n":
gl.braw():

cout <<"r2 draws s: \n":
r2.Draw{}:

cout << "\nEnding main(}" << endl;
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Relationships Between Objects in a Hierarchy

Slide
Objective
Quickly, confirm
student

GeoShape geal;
Rectangle rect1;

understanding rect]

that Rectangle Size() " Porton

inherits the Draw() " added from

base m_nHeight " Ractangle

functionality of geol m_nWidth :

GeoShape and

adds its own SetCanter() SetCentar() :

behaviors. GetCanter() GetCanter() Portion

Draw() GeoShape::Draw() |: added from

In inheritance, it is critically unportant (o differentiate between objects and classes
and how they are related.
The base class shown here, GeoShape, declares a set of member functions and data
members. An object of this type, such as geol, contains those data members and
has access o the member funcuons.
Tip Each object, of course, does not contain member funcuons.
Although the derived class, Rectangle, does not explicitly declare the mermnbers
Draw, GetCenter, SetCenter, and m_Center, it gains these members from the
base class, GeoShape. It declares three new members, Size, m_nHeight, and
m_nWidth, and overndes the Draw function.

Deiivery Tips Therefore, an object of type Rectangle, such as rectl, contains all the mentoned

Don't explain
details
concerning the
Draw functions.
Save for next

page.

members of the base class as well as those declared in the derived class.

If we look at an object from each class, such as geo! and rectl, there 1§ a strong
resemblance. To beginners, this is sometimes misinterpreted. Although their classes
are related, the objects geol and rect} are not related, 1n the sense that manipulatng
one will not have an effect on the other.
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Overriding and Qualification

Slide :
Objective class GecShape |
Complete the i pubiic:

detaqils : void Draw(void);
concerming the -

derived class, b
Rectangle. ‘
‘ovemding” the
Draw function
in the base :
class, ):
GeoShape, i

class Rectangle : publ:c GeoShape (
public:
void Draw(void):

void Rectangle::Draw(void) E
{ GeoShape: :Draw(); //:: used to qualify

}

Although the Draw function is inhenited by Rectangle, its base implementation is
inadequate — we want a rectangle object to display dimensional information also.
C++ allows us to supply a new definition for a funclion in a denved class; this is

called overriding. ‘

To override a function in the derived class, it must only have the same name.
Overndden functions generally have the same prototype also. When you invoke the
funcuon using a derived object, for example,

rectl.Draw();

the derived class’s version of Draw is invoked by default. If you wish 10 invoke the
base class’s version, qualification can be used:

rectl.GeoShape::Draw();

Note that in INHERIT CPP, the definition of Draw for Rectangle uses qualification
(0 invoke its parent’s version. Then it does some addiuonal work.

Tip Overriding should not to be confused with overfoading. Overloading occurs in
the same scope, and the compiler differenuates functions by argument type and
number. Overriding occurs across inheritance scopes, and the base function is
normally hidden in the derived ciass.
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Inheritance and Impilicit Call Order

» What is inherited?

s Ocarrames

a Mt e furdias
n Whd Is nat Inhexited?

s Qostnudas

= Desinudas

Construction
Graphic is NEXT
PAGE

In this module, the subject of constructors and destructors has been aveided until
now. Because they are special member functions that relate to the life and death of
class objects, they are not inherited as other members are.

The convenience of constructors and destructors ts not forfeited, however. Since a
denived object has a portion that it gains from the base class, C++ automatically
invokes the base class constructor and destructor for that porion. And as with
embedded objects, C++ guarantees an order of construction and destruction.

That order is presented on the next page.
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Control Flow During Construction

Slide
e Rectangle rl(2, 4, 150, 150):
Objeclive rodie 2124 )
Trace through @;
the diagram to :‘ :
build an
, Ractangle(int h, int w, int x, int vy)
understgndlng . ), m Height(h), m Width(w) |
of the c'tor L ( } - -
order, .
6 @* f
" :
GeoShapa (iot x, int y) : = Canter(x,y) .

{ ...}

b,
A @

Point{int x, int y) : m_x(x), o y(y)
... }@

Construction cali order: 1. Base class ﬁoru'on
la. Embedded objects, if any
1b. Surrcunding portion
2. Denved portion
2a. Embedded objects, if any
2b. Suwrrounding portion
Destructors are called in reverse order.

When the Rectangle object rect 1 in INHERIT.CPP is defined, the following
oceurs:

1. The Rectangle constructor is invoked when rectl is defined.

2. Since the base class portion of rect 1 must be built first, the constructor for the
base class is called and passed x and v,

3. The GeoShape constructor invokes the embedded object m_Center
constructor.

4, The body of the Point constructor is executed.
5. The body of the GeoShape constructor is executed.
6. The body of the Rectangle constructor 15 execuled.

Remember that before the body of a constructor function is entered, C4++ guarantees
that the colon-initialized data members will have their proper values. For the
standard data type members, thus has not been explicitly shown tn the diagram
above.

During destruction of an object, the order of destructor calls is reversed. It is
considerably simpler because there are no arguments bewng passed around.

Proper use of colon initialization is especially important within ¢lasses that have
inheritance or contained objects.



Module 12: Using Inheritance 07

Access to Base Class Members

Slide
Objeclive
Present this
table as a
summary of
inhertance.,
detailing ways
to access the
base class.

fermrmeseatiime stmsamegssss wms femsrres ireeme mressmems deredes

Access Rights?

public: yes yes
protactaed: yes no
pPrivate: no no X

Under public derivation, there are strict rules of access to base class members, both
with respect 10 the derived class member functions. and with respect (o the outside
world (global functions and other, unrelated classes).

The public members of a base class can be accessed anywhere.

The private members can only be directly accessed by member functions of the
current (base) class. Even its child class cannot access these directly! This is
analogous [0 your internal organs; they are a part of you, but can only be accessed

indirectly.

A base class's protected members are midway between public and private. They
are inaccessible outside the class luerarchy, but are accessible to any child classes.
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Inheritance

Lab 10
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> Overview

Slide
Objective
Provide an
overview of the
module

= MitigeSarcefiie Progrars

objectives for
_|the module to -
set the ™ )
direction.

Don’t bother to
execute any
lab solutions.
No changes
are evident,

contents. a MAK Fites
= EdlingaProect File
» Hecckr Files
a Usingthe edern Keyword
Module Summary
Up to now, your programs cxisted in a single file. It is common, howcver, for real-
world projects to extend over many source files. You'il creale a preject 1o manage
the various dependencies that multiple files entail. Project information is maintained
in make files ( MAK exlension).
Visual Workbench provides important tools for managing projects. [n this module,
you'll explore the process of creating and mawmntaiung a project {ile.
Objectives
Upon completion of this module, you will be able 1o:
Delivery Tips s Use the Project Manager 10 specify options.
Present » Create header files.

a  Use the extern keyword (0 provide cross-module data access. - . — .- - -

Lab

Managing Projects
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Slide
Objective

Set a real-word
expectation for
the processes
that are
encountered
deveicping
large
applications.

Mulitple Source-File Programs

a MitipeSaurcaFiles AreRequired When Ctjed Files
ArelLager Then 64K

a Othe Recsans for MitipeSarceFiles:
1 Addrecomdiingeerythingoe axdosa
» Fodiifdeicgadt cdecomasiond pagam
- a Plaeradedaommoats together

Apart from thus 16-bit limitauon, you will commonly encounter other situations
where multiple source files are efficient and practical.

Visual Workbench supports an incremental build feature that allows you o rebuild
only those source files that you have changed since the last build, If ail of your
source code is in one big file, you will always rebuild everything. But if you split
things up as you work on various parts of the program, the compiler only has (o
touch a few files, and the build process is sped up significantly.

Splitting files as they grow in complexity also enhances their readability. There are
conventions for spliing monolithic source files. As you have seen in earlier
modules, C++ programs have a definite structure to them. Preprocessor directives,
declarations, and function prototypes are placed in header ((H) files. Associaled
function definitions are segregated into their own source files (.CPP). Depending
upon the type of program you are creating {MS-DOSe, Windows, QuickWin, and
50 on), there will be other files as well.

In the lab for this module you will split up a single source file and create a project.
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.MAK Files

Slide
Objective
Present a high-
level gverview
of the purpose
and benefits of
Project MAK
files.

Cover "What
and Why™ —
later pages

cover How.

9]
/ lFI.LU CPP _pen
finclude ¢iostrd .
¢ (vo1d) Comglle Flle HELLO.CPP Curi+FB
(reorerntrerdl ol guid HELLO.EXE Shitt1F8
cout ¢¢ “He B:hmld AII HELLO.EXE All+F8
return 0,
E)_-t,cculc HELLO EXE ClrieF5
o FomT b
Load WQrkapac: ’ 3
Save Workspace ]
XS
1S4 ADEMOSWOD I 6\DYNAMIC 2. MAK

2 DAMSVC\SAMPLES\SNOORSNQCP.MAK
1 DL AOWHEL LOWGYWHELLO MAK
5 D‘L \SOHTDEMO\HELLO MAK

Make Files ( MAK)

When you build a program, the Make utility invokes the compiler and linker with

specific instructions you want. Make files contain other important information about

your project tog: its path, the type of executable that you arc building (Windows, _
NuickWin, MS-DOS, and so on), whether it uses MFC libraries, and a list of the : i
~ource files to wnclude. It also controls the libranes that your program will lmk o e
for the code that is needed to execule run-ume functions.

Tip Under Visual Workbench, make files are transparent.

Project information has been set for you in the examples you've seen up Lo now.,
You will, however, need 10 know how 10 set options for future programming
projects as you retum to your Workplace. You’ll go through the process in the next
few fouls.

You have three choices for opening a project using a .MAK file. From the Project
menu, you can.

[. Use the New command to create a new projeét.
2. Use the Open command 1o browse for an already created project.
3. Select from the last four projects you worked on listed at the bottom of the menu.

Opening Files Within a Project

No matter what method you use 1o siart a project, the casiest way to navigale among
the files in the project is using the Project Files button on the extreme left end of the
toolbar
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Editing a Proyect File. .

Slide
Objective
Continue fo
provice a high-
level overvie.s
of the ophors

to deal with
MAK files and
Projects. '
(i P o g L G U
{Souoel'c EDO. %Ec dave
e 1 et o R R T
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Delivery Tips Editing a Project
ickiv!
%zﬁgt?UlelY- Whether you use the New command or the Open command from the Project menu,
instructions you end up at the Edit dialog box. This dialog allows you 10 edit the MAK file. [t is
contain step- from this dialog that you can either add or deielc files from your project.
by-step

instructions for
these
procedures.

Editing an Existing Project File
Open Visual Workbench. From the Project menu, cheose Edit. This dispiays the
Edit dialog box.

Use the Drives and Directories boxes o find the files you want to add to your
project.

Select the individual files from File Name dialog box and choose the Add button.
When you're finished, choose Close.

Dependencies

During the discussion of preprocessor directives, you learned that you can specify
dependencies with #includes. Visual Workbench automatically scans for all these
dependencies when you edit your project file. As you include new source files into
your project you should force a rescan of dependencies. The Scan All Dependencies
option on the Project menu regenerates the dependency list for the entire project.
The Scan Dependercies ActiveFilename will scan just the acuve file.
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Header Files

Slide
Obijective
Add details to
the purpose
and use of
header files.

a You Specify aHecder Filewith an #indude
» Hecokr Files Con Cortane
v Prgooossa dredives

finclude (other headar files)
fdefine

‘o Fundion prafaypss
a Ccss cedadias
s Gcod ctackdadias

Header files (cxtension .H) contain information that must be available giobally. In
your carlier programs, you included JOSTREAM .H, which contained informauon
about cin and coul. You specified the streams header file with an #include:

¥include<iostream.h>

Now that you are sctting up multiple source-file projects, you should exiract any
information that you want all the files to see into a header file. Then include it. One
nuce feature of Visual Workbench is thar it will recursively scan all the source files
that have been added to your project file for include dependencies. [f, however, you
create any #includes in your source fiies after the files are added to your project,
you must force a scan. You'll see how to do this later in the module.

Declarations and prototypes usually go in header files. For example. function
prototypes should go in header files but, in general, their definitions do not. Class
declarations definitely go in header files, but their member function definitions
belong in a separate source file (.CPP).

Recall from an earlier discussion that an #include tells the preprocessor (0 go out
and find a file and place its contents at this pouwnt in the code. This is a shorthand
way Lo place the same informaton at the wp of each of your source files. Why is
this important? In C++, all functions must be prototyped before they are called. If a
function 15 used in more than one of your source files, it must be prototyped at the
start of each file, An #include statement at the top of the file takes care of this.
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Using the extern Keywor .

Slide
Objectlive
Introduce the
“extern”
keyword as a
type-modifier in
the declaration
of variables,

// filel.cpp . // fileZ.cpp
int i; - extern int 1;
float j; ; funcB ()

int main{vdid] i {

{ : v :
. g )

return 1; .
} \ funcc () )
' ;

funca() extern float j;

{

i
3 }
{

phsasendet mp e nnsnnas

What the extern Keyword Does

The extern keyword is a storage-class specifier. [t makes another file's global
variables visible (¢ one or all funciions in a source file. In essence, it says to the
compiler that storage will be found for Lhe variable at link time.

In the foil, the extern int i stalementin £ile?2 references the int declared
in £ilel and makes that variable available 10 all functions in £ile2. The
extern float J statement makes the variable defined in £ilel visible only
1o the statements within funccC.

Tip In'some computer languages, all data is global. One of the advantages of C++
is that data can be encapsulated within objects. This adds modularity 10 your
programs— it makes them easier to reuse and maintain. As a programmer, you
should begin taking more advantage of this feature of the language by reducing your
dependence on global data.




Managing Compiex Projects Using the'integrated Development Environment

Module 13

217

: Managing Projects

Lab 11

Slide

Objective

Provide cn

overview of the

labs.
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Y Overview

Slide
Objective
Provide an
overview of the
module

contents.

[rosessmm e s e s

= Qecting Arrars

s AcessingIndvidud Arrcy Elaments

= InifidizingInteger ond Chareter Arrays
a Arrgys andihe sized Coerdar

» Fundlions Thet Toke Array Arguents

Module Summary

This module begins a three-module sequence on arrays, pointers, references, and
objects that contamn arrays of data—that is, strings of characters. From the first
module on, you have been using data in your programs. Without exceplion,
however, your variables have coniawned single values. From your experience, you
already know that it is important 1o create variables that contain more than one dara
element. It is also important 10 be able to index and examine them individually, and

be able to manipulate them as a wholc. In C++, such a vanable is declared as an
~iay.

Although arrays (particularly strings) will be used throughout the remainder of this
course, the primary value of an array will be realized once you've retumed 1o your
workplace. It is hard to imagine soiving many real-world problems wilhout arrays
and strings.

In the next modules, you will leamn to manipulate arrays using pointers, and you will.

see’how objects of a commercial string class can be used to simplify the
manipulaticons you leamed tn tus module.

Objectives

Upon completion of this module, you will be able to:
» Create an array.

s Manjpulate an array using subscript notation.

w Create a characler array as a string.

@« Manipulate a string.

Lab

Manipulatng Arrays
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Slide
Objective
Present a
simple overview
dedling with @
local integer
arrgay. Present
the purpose
and uses for
Qrrays.

Creating an Integer Array

{

}

int main(void)

int nSales{b):

nsSalas{0]
nSalesil]
nfales{2]
nSalaes[3]

nSalea(d]

[ 3 ]
L2z ]
[ s ]

salgs

Sales for Monday
Sales for Tueaday
Salos for Wednesday
Saies tor Thursday
Salea for Friday

What Is an Array?

An array 15 a collection of contiguous data, all of the same dala type. An integer

array is an array of 2-byte clements.

Single-Dimension Arrays

[n the example on the slide, you see an integer array being declared. [t uses the

name nSales, and it allocates five byies of storage.

This array is declared as a local vanable, so it has the same scoping and storage
class rules as ordinary varniables do. Note that global arrays are imiualized 1o O by
the compiler, and that au1o arrays can easily exhaust the stack. Also, because it 1s a
stack-based (auto) array, 1ts contents are undefined at this pownt. Finally, note that
the total size of each array or the range of the subscnpts must be known at compile

ume.
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Demo

ARRAY.CPP is located in \DEMOS\MOD14. It shows how (0 create an array and
access elements.

1/
£l
i
/7

ARRAY.CPP Found 1n \demos\modl{

Creating arrays follows the scoping, initialization and
assignment rules as standard data types bur adds a
subscript notation to address individual array elements.

tinclude <ioatream.h>

int main{void) // test function

{

// Declare an integer array will space for 5 1ntegers
int nSales[S]; // nSales has undefined contents
// Assign values to each element using subscripts

// starting at ZERO counting up to array size-1.

nSales[0]) = 26; // Monday sales total
nSales(1l] = 18; // Tueaday
nSales(2] = 31; // atc.

nSalesa[3] = 22;
nSales{4] = 55:

cout << " I.5.M. Inc.\nWeekly Sales Reporth\n";
cout << "\nMonday 5" << nSales(0]:
cout << "\nTuesday " << pnSales[l]:
cout << "\nWedneaday " << nSales(2);
cout << “\nThursday " << nSalas(3]:
cout << "\nFfriday " << nSales(4};

// Total daily sales
long sales = nSales{0] + nSales[il] +
nSales(2] + nSales(3] + nSales(4];
cout << "\n Total $" << sales << endl;
return 0;
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Slide
Objective
Define
subscripting as
an addressing

Accessing Individual Array Elements

= Subsaiptls on Offset framtheBegiming of the Array.

MechanSm — s Fa on Aray o Lengthn, Subscripts AreQlon-1.

simple address . :

addition. = YouConnat Spedly aRange of Subsaipts.

» YouConRun Ctf Either Endof on Arreyy.

Think of an array as being like the houses on a block. What is the distance from the
beginning of the block 10 the first house on the block? k's O, and this provides a
clue as 1o what subscripts are (o the comptler. They are a measure of the
displacement or offset of an array element from the beginning of the array. Element
#1 in an array is at an offset of 0 from the beginmng of the aray.

Kev Point Actually, this is true for all arrays in a computer. Compilers for languages that

CT: ounis permit subscripts starting at ! make an adjustment to reflect this fact. The C++
compiler doesn’t have 10 make an adjustment. The programumer coming o C/C++

programmers : |

count from [rom another language makes the adjustment mentally.

zerol
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Demo

ACCESS.CPP is located in \DEMOS\MOD14. It shows how 10 use subscript
notation 10 access array elements,

Accessing array elements using subscript notation

// ACCESS.CPP Found in \demos\modl{
// Array elements are typically accessed using a variable
// within the subscript notation.
finclude <iostream.h>

int main{void) // test function

{

/
//

int 1 = 0; // Use an integer to index array elements
int nSales[5]; // nSales has undefined contents
// Assign values to each element using subscripts

// starting at ZERO

nSales{Q] = 26; // Monday sales total
nSales(l1] = 18; // Tuesday

nSalesf2] = 31; // etc.

nSalesf[l] = 22;

nSales[4] = 55;

This is not a language error, it is a logic errcr.
nSales([S] = 7; // #l1 common programming error-Trouble!

cout << " I.5.M. Inc.\nWeekly Sales Report\a”;
for. (long lSales = QOL; i < 5; i++)
{ // "i" indexes the array

cout << "\nDay " << i << " $" << nSales{ij:

l15ales += nSales{i]:
} .
cout << "\n Total 3" << lSales << endl;
raturn 0;
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Slide
Objective
Each of
previous
examples used
multiple lines to
set values into
the array
elements.
Infroduce ways
to efficiently
intialize arrays.

#define SIZE 19 W

int iArravl(5] = { 1, 2, 3, 4, 5 };
char chArray(::IZE] = “Bill";

void main {)
{

}

Key Point
Let the
compiler count,

Delivery Tip
Don't get off
topic talking
about
character
arrays!

The size of an array must be known at compile time. Generally, you p:ovide this
size by means of the number n brackets in the array declaraton. If the array is
being initialized. however, the compiler can count the elements between the curly
braces to derive the size of the array.

For instance, both of the following produce the same results:
static int nPoweraOf2([5] = (1, 2. 4, 8, 16 }:
or

static int nPowersQf?2 -~ = { 1, 2, 4, 8, 16 };

There are severa; dvantage o letting the compiler derive the size of an initialized
array. When you re initiali. . 1g an array, you often want to change it by adding or
removing an element. [f you . pecify the size, you have to change . There's always
a chance you'll forget, or that you'li miscount the elements in the array set. The
compiler never myscounts.
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Demo

INITARY.CPP is located in \DEMOS\MOD 14. It shows the initialization of
integer and character arrays.

// INITARY.CPP

Found in \demos\modl4

// Alterpate ways to 1nitialize elements in an array.

#include

<iostream.h>

// manifest constant

kdefine NBR_OF_INTS 5

void main ()

{

int iCount, iP0O2Sum = 0;
// Explicitly sized using manifest
(for maintainability}

// constant

int iPowersOf2[NBR_OF _INTS]

int 1NbrSeries(]

{ 1. 2, 4, 8, 16 };

// simple test functiocn

// Impliciely sized, compiler
// will count elements and size

{1, 2, 4, 8, 16 };

// the array to match the list.

// Loop to total the array
for (iCount = 0; iCount < NBR_OF_INTS; iCount++}

iP028Sum += iPowersQf2[iCount]:

// Below are three ways to initialize character arrays.

// Qutput is:

char
chars

char

char
cout

szMsgl[l6] = "The sum of the ";
// Init letting compiler count

szMag2([] = "lst 5 powers of 2 ";
// lnit by programmer with too much

// free time (Note:
8zMag3 () = {'i', 's',

"\NO' )

“The sum of the lst 5 powers of 2 is "
// Init to size with string literal -

NULL is ‘'\O").

<< szMsgl << azMsg2 << szMagld << iPQ2Sum << endl;
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Arrays and the sizeof Operator

Slide
Objective
The compiler
can count
elements for
programmers,
Does the
programmer
need to know
how many
elements exist?
Use sizeof
operator.

........................................... [

= Corpler Con Cound Better Thon You Con
» Eay Mintenonos
= sized! Reporis

= Qrd biss for alod arey

» Byies [ darentonarayagumatss

Key Points
The sizeof
operator is
resolved ot
compilation
time.

Aids portability

Works great on
standard and
user-defined
data types.
Works great on
arrays of local
or globail
scope.

“sizeof” returns
just the size of
an element for
arrays passed
Qs argurnents!
See the demo.

in source code.

When you are writing loops, how do you know how big the array is? The sizeof
operator comes to your rescue. You were inroduced to the sizeof operator in an
carlier module,
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Demo

INITARY2.CPP is in \DEMOS\MOD14. It shows how to initialize arrays and pass
them 1o a function. Note the difference from the sizeof operator.
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// INITARY2.CPP Found in \demos\modl4{
// The compiler can determine the number of elements in an
/i array. The sizeof cperator allows programs to discover
// that length at runtime without a maintenance problem.
#include <iostream.h>

// function prototype
void IntArrayTeotal{int[]}, int};

// manifest constant
tdefine NBR_OF_INTS §

/llt*.titiltttilli Simple Test FunctlQn l*lil*ltltl*titii/
void main ()
{ // Explicitly sized
int nPowersOQf2[NBR_OF_INTS] = { 1, 2, 4, 8, 16 }:
‘ // Implicitly sized
int nDaya[] = (1, 2, 3, 4, 5 }:

cout << "Within main...\nnPowers0fZ 1s an array of "
. << NBR_OQF_INTS << " integers.\a";
cout << “nPowersOf2's sizeof shows "
<< s1zeof (nPowersQf2) << "~bytes of storage.\n":
cout << "A "
<< sizeof{nPoweraOf2) << "-byte array of "
<¢ sizeof({int} << "-byte integers is "
<< sizeof (nPowersOf2) / sizeof(int) << ™ ints.\n":
IntArrayTotal (nPowersQf2, NBR OF INTS);
cout << "Within main...\nnDays is an array of "
<< "upspecified ([]) integers.\n";
cout << "Fortunately, sizeof shows nDays as "
<< sizeof (nPowersQf2) << "“~bytes of storage\n";
cout << "allowing the function to be called with a ™
<< "second argument of \n";
cout << "aizeof (nDays) / sizeof{int) or *
<< sizeof (nDaya) / sizeof{int) << ".\n";
IntArrayTotal(npays, sizeof (nDays) / sizeof(int)):
}

void IntArrayTotal (int iArray[]., int iSize)

int 1Count, iSum = 0;
cout << "Within a function receiving the array...\n":
cout << "iArray's sizeof shows "

<< sizeof (iArray) << "-bytes of storage.\n";
cout << "A

- . << sizeof(iArray} << "-byte array of "
<< sizeof(int) << "-byte integers is "
<< sizeof{iArray) / sizeof(int) << " ints.\n":
// Loop to total the array

for (iCount = 0; iCount < iSize; iCountt+}

iSum += iArray([iCount];
cout << "The sum of the array is " << iSum << endl:
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Differences with Character Arrays

Slide
Objective
Begin the
explangtion of
character
arrays with ‘\0’
character
implied in literal
strings and
reguired within
char array
processing.

.............

char seBuffer[5] = “Bill”:

[0] = ‘B

[1] = ‘4’
I [2] = '1' l
oo

In the example on the foil, a character array is being declared. It uses the name
szBulfTer, and it allocates five bytes of storage. Note that the sz prefix indicates that
this is a zero-terminated string, so the fifth character should be NULL. All literals
within double quotation marks have a NULL character.

If you changed the example removing the 5, szBuffer would sal] be assigned five
locations and be initialized with the characters depicted.

If you changed it again by increasing the 5 to 50, szBuffer would contain 45 more
NULL characters.
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Demo

CHARRAY.CPP is found in \DEMOS\MODI14. [t examines functions that input to
character arrays,

// CHARRAY.CPP Found i1n ‘demos\modl4
// Managing character arrays using varicus iostream

[F- T BN . R T R L A

bhbbh-h-hAbhuwuuwLuulwuwMMNNNNMNNNHHHHHl—-l—'HHH
Sg\nmda\mhul\)wowmda\mhul‘di—'owqu\waumwG\om-.lmm.bul\)n-o

1

// operators and functions.
f#include <iostream.h>

// manifest constant
ddefine SIZE 30

/*ﬁttl*titittﬂ'l'* Array Class Declaration I‘tl.tl‘i*"'ltﬁﬁ./

clasa Arrays
{
public: // operations
void ByCharCinOperator(};
void ByWordCinOperator():
void ByCinGet (),
void ByCinGetline{);
void Display()
{
cout << "\"" << m_chArray << "\"\n";
cout << " Extras \""
<< m_chExtras << "\"\n":
m_chExtras{0] = '\0';
H
private: // implementaticn
char m_chArray[SI2ZE];
char m_chExtras{SIZE]|:;
yi

“re

/**wnkrexad Array Member Function Definitions ¥tavewawxua/

void Arrays::ByCharCinOperator()

{

cin >> m_chArray(0]:

// remove rest of chars and the newline
cin.getline{m_chExtras, SIZE);

void Arrays: :ByWordCinOperatorl()

{
cin »> m_chArray:
// remove rast of m_chars and the newline
cin.getline(m_chExtras, SIZE):

!

void Arrays::ByCinGet ()

{
cin.get (m_chArray, SIZE};
// remove reat of chars and the newline
cin.getline(m_chExtras, SIZE):

}

.void Arrays::ByCinGetline()

{
cin.getline{m_chArray, SIZE);
}

(continued)
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52
=3
54
55

5
e

37
58
59
€0
6l
62
63
64
65
66
67
&8
69

/ttttnttltlatttqttt Simpla Test proqram lttitlitttntttt*’/
void main{)

{

Arrays aNames: // default C'tor

gout << "Enter your name {cin »> chArray[0]}.\n";

aNames.ByCharCinOperator(};

aNames.Diaplay();

cout << "Enter your name (cin >> chArray).\a";

aNames.ByWordCinOperator();

aNames.Display();

cout << "Enter your name {(cin.get (chArray, SIZE).\n";

aNames.ByCinGet (}:

aNames.Display(}:

cout << "Enter your name (cin.getline (chArray, SIZE)."
"\n";

aNames.ByCinGetlina();

aNames.Display(}:
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Slide
Objective
Cescribe
character
arrays (and
string literal) as
arguments o
functions.

» OniytheBaseAddress Is Plaoadi on the Stack

= AnArrcy Nare by isef Is Evduded As theBase
Adtress

a 20 4Bytes
= Mnimd Stargge Needed
‘u VaryEffident

Features of Functions That Take Array

Arguments

Remember —the prototype specifies that an argument is an array, and that only the
base address is on the stack. When you think about it, it wouldn't make much sense
10 physically place an entire array on the stack. The stack size is finite and limited
10 2K. If an array were placed on the stack in a pass (o a function, you'd quickly
exhaust your stack.

Tip Except for char arrays (which are NULL terminated), length cannot be
determined.

i

[
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Demos

SEARCH.CPP is tocated in \DEMOS\MOD 14, It passes an array and a character
to a function that returns the number of occurrences of the character in the array.

1 // SEARCH.CPP Found in \demos\modl{

2 // Passing character arrays as functlon arguments.
3 #include <iostream.a>

4

5 tdefine MAXLENGTH 30

[

7 int CharCount (char[], char);

8

9 vold main()

10 { // an array and a char

11 har chBuffer(30], chlnput;

12 tnt 1LezterCount;

13

14 cout < Inter 3 line of text.\n";

15 cin.ge- e({ch 1ffer, MAXLENGTH):

16 cout < ater a search character: ";

17 cin >> aput

18 // array name and char name
19 iletter.cunt = CharCount (chBuffer, chlnput):
20 // Array passed as addreas
21 // char pasaed as value
22 cout << chlnpu- << " occurred "

23 << 1lettz= :Zount << " times in '"

24 << chBuffar << "'." << endl;

25 }

26 int CharCount (char chSearchString[], char chLockup)
27 { . '

28 int iCount = 0. nSum = 0;

29 while {(chSearczString[iCount] '= *'\0')

klo) if (chSearzhString[iCount++| == chLookup}
3 . nSum++;

32 return nSum;

(5]
w
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Functions That Convert to and from Strings

Slide
QObjective
The numeric
daota types are
automaticaily
truncated or
premoted to

different types.

Present library
functions that
perform those
transtations for

s Stonderd DaaTypes Nearmladb;mfhg
Truncofion, endPramolion.

a CCr+ StondxdLibray
tinclude <stdlib.h>

» Qonvert MmichaTypm foamacder hrqs Using |

itoa, ltoa |

Chrgrc;cfer = Corvert Chareter Arrays foNumasic Defal ypes Using |
Qar . . ' ;
Y atei, atol, atof
To locate detaits on any of these functions, open any C++ file, type in any of the
Delivery Tips .
Two funchions: function names, and press Fl.
toa and itoa

are needed in
the lab.
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Lab 12: Manipulating Arrays

Slide
Objective
Execute the lab
solution.

Set the lab
objectives.

Ask students to
read the iab
sCenario.

...................................................................................................
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2. Overview

Slide

Objective
Provide an
overview of the i s Rdagencs

module .
contents. s Pdrters

= Conircsling References cndd Palnters

Module Summary

In the last module, you learned to create and manipulate arrays. That makes for a
good introduction to references and pointers. References are extremely easy to work
with, and they add power to your applications. Though pointers are useful for
manipulating the elements in zn array, their value transcends simple array- .
manipulation. In fact, pointers are one of the most useful constructs of the C++
language.

In later modules, you will see that it is easier 10 use strings when you know how to
encapsulate the pointer manipuiations you learn in this module.

Objectives
Upon completion of this module, you will be able to:

s Use references.

Key Points ) L o o
Present the " | '« Undersiand reference syntax.

’g&ggﬁ esang | @ Undersiand pointer symiax.

set the = Pass references and pointers as function arguments.
SXpecolon | e Manipulate strings with reference and pointer notation.
different (but

similar and Lab

;erl;n;c;zefg%%s Using Pointers to Manipulate Strings
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References: An Overview

Slide
Objective
Loosety define
references
(eschew
address
terminclogy)
and cite “why”
programs might
use thern.

» Refarences As Alicses

= [nildizingaRefarence

» References A Fundlian Argumends
s Referencss and SWAP.CPP

~r

Key Points
References can
be an attenate
name for g
variable or
object.
References are
similar to type-
modifiers but
do not create
another
variable.

Used as
funcron
arcuments,
retersnceas ara
more afficient
than the
default pass-by-
value,

What Are References?

References are aliases for objects—that is, they are nicknames for objects. Once
you have initialized a reference 1o an object, you can refer (o the object by its alias.

How Are References Used?

References are used primarily to pass parameters to functions and to rerurn values
back from functuons. The syntax is the same for objects.

References are semantically identical t consiant poiniers. and they can be assigned
only one value at a time. Since retferences can only be initizlized once, there s only
one way to initialize a class data member whuch has a refe-ence. That is to initialize
it in the constructor, using colon syntax.
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Slide
Objective
Loosely define
reference as
another name
for an existing

1nt acruyalint;

variable or int gotherint = actualint; // reference

object. // declaratien

Key Points What Is a Reference?

i];hﬁ o?thsgmbd A reference is a type dgc_laration that creates an aligs for an gxisr.ing variable.
address-of Usually, a rgference is initialized explicitly, giving it something to refer to when
operator. It is you declare i1. As the foil title suggests, a reference is an alternate: name for a

not any variable—not a copy of the variable. The declaration with inilializaton associates
operator—it is the two names. What that means for you is that operauions on either name have the
a type- - | same result. The reference becomes a synonym for the variable.

declarator.

Students have | Remember that when you declare an array —such as szBuff{ 100] —the bracket
not seen the characters are not operators. They are declarators that have a special meaning. The
‘address ampersand character, &, used in the declaration of a reference is not an operator.

operator” yet,

¢nor is it the address-of operator or the bitwise-AND operator listed in the
Operator Precedence chan.) References use the ampersand to identify the variable
as a reference to the compiler.

References may be used any time you want to permanently associate names for a
_variable.

Reference
See “References” in the C++ Tworial.
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Demo

REFDEMO.CPPis four :n\DEMOS\WMODI5. It creates an alias and proves that
itis identical to the orig1* i object.

// REFDEMO.CPP found in \\demos\modl$5

// Using reference notation to create an alias for

// an 1integer. Usage after declaration ia jidentical.
#1nclude <iostream.h>

veid main{)

{

iat actualint = 123;
int §otherint = actualint; //

cout << actualint <<

cout << other
otherin==~+;
cout << ctu
cout << >the
actuali "T++;
cout << ictu.
cout << other-

~at

wnt
Lt

.unt
ac

<<

<<
<<

<<
<<

¥4

endl:
endl;

/f
endl;
endl;

/f
endl;
endl;

the actual integer
the alias

increment al:as

increment actual
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“Initializing a Reference

Slide
Objective
Detail how
references are
initialized.
Note the :

exceptions int actual_ - = 123;
where int fother.n: = acrualint;
imhalization is
not required.

Detivery Tips | Creating References

gf‘; <;irf1rydteot ails References rarely exist without a variable to which they can refer— and they cannot
of what the be manipulated as a separate entity. Once the associalion between a reference and a
compiler does vanable is set, 1t cannot be changed.

:;i:grgn ce or Not all cases require the initialization to be set at declaration. Here are some

how fhey work. excepuons: |
.The1 tati 1. There is no need o initialize a reference if it is declared extern and initialized
|rrrTm1p evmen aren elsewhere. An extern reference typically would be initialized in the source file
bg’,l’,,;;’,‘( where the declaranon was made.

various 2. If the reference is a member of a class and is initialized in a constructor.
ggg%fésés are | 3. W the reference is declared as a parameter and its value is established when the
easy and they function is called.

work. 4. If the reference is declared as a return type and is established when the function

- - — -em- = - —rewms. - . - .-
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Slide
Objective
Describe the
changes
between g
function that
takes an
integer and
one that takes
a reference to
an integer.

............................................................

Two Ways to Pass a Variable to a Function
Pass by Vailue
Pass by Reference

Delivery Tips
Students may
be bothered by
the notation;
(int& Q) versus
(int &a).

C++ ignores
whitespace 50
the compiler
doesn’'t care.
The convention
is:

int& Q.
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Demo

REFADDR.CPP is found in \DEMOSWODIS. It details the declaration and
initialization for references. Contrast the usage of the actual integer versus the

reference both in statements and as arguments to functions.

// REFADDR.CPP

found in \demos\modl5

// Tnitializing references uses a simple variation

// on syntax.

¥include <icostream.h>

int Addl (inta);
voird Disp{const int&):;

void main ()

{

int

}

int actualint = 123;

Afrer that, everything is easy.

// function prototype
// call by reference
// call by const refarence

// a variable must exist
// befere the reference
// a reference must

int gotherint = actualint; // be initialized

// compare standard
cout << “\nComparing

cout << " Value: "
<< '
cout << "Addreas: ™
<« !

// compare usage as

// to the target

usage of the variables
actualint and otherint...\n";
<< actualint

<< otherint << endl;

<< gactualint

<< gotherint << endl;

function arguments

cout << "\nTasting Addl{(int&} function...\n";

cout << "Before call
Addl (actualint);
cout << “ After call
cout << "Before call
Addl {(etherint);
cout << " After call

cout << "\nTeating D
cout << "What is the

<< "actualint *;

Displactualint);

actual " << actualint << endl;

actual " << actualint << endl;
other " << otherint << endl;

other " << otherint << endl:
jsp{const int&) function...\n":

difference between\n"

cout << " and otherint “;

Disp{otherint);

-cout << “?* << andl:

Addl (int& n)

// call by referance

// a reference argqument can be changed

n++;
return n;

void Disp{const int& n)

{

// a const argument
cout << n;

// call by consat reference
can't be changed



245 Moduie 15: Working with References and Pointers

References and SWAP.CPP

Slide
Objective
Detaqiithe
activities that
occurwhen a
reference is

passed to a
function.
References are frequently used to pass arguments to a function or (o return a value
from a function. Passing by reference is much more efficient than passing by value.
Demo
SWAPREF.CPP is found in \DEMOS\MOD!135.
1 // SWAPREF.CPP Found in \democa\modl$S
2 // Functions that take reference arguments have
3 // access to the caller's data.
4 #include <iostream.h>
s // CHANGE #1 // function prototype
6 void awap{int&, int&); // reference to Lnteger
2
8 // ldentical to aswap.cpp
9 void main ()
10 { // two local variables x and y
11 int x (5), y (lQ); // Note: equivalent to:
12 // int x =5, y = 10;
13 coyut << "X is " << x;
14 cout << " and Y is " << y << endl:
13 awap (x., y}: // function call
16 cout << "X is " << x;
17 cout << " and Y is " << y << endl;
18 }
19 // CHANGE #2
20 void swap(int sa, int &b)// Now takes references
21 { // as arguments
22 int temp:
23 // same as before!!
24 temp = a;
25 a=2=5;
26 b = temp;

N
~-J
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Slide
Objective
Provide an
overview of
pointers with an
introauctory
definition of
addresses.
Cover “why”
you would use
pointers,
inciuding
feqtures and
benefits.

The following
pages add
detatis to the
points listed.

= QedingPdnters
a Pdniers Contdn Adkesses
a UsingPdinters

s Differinglses of *

« Cther Uses of Painters

- — o -
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Slide
Obijective
Cover pointers
to stangard
data types.
Each of the
standard types
has a pointer
type associated
with it.

...................

‘m Typss
s 1} stonarctiypes
» Syntex
int *p;

A pointer-to-type-integer

Contalns the address of an int

Py o pe

Key Points
There are int
pointers, float
pointers, etc.

There are no
genenc
pointers. A void
pointer can
only sersa Qs Q
bucker ¢ hold
sometr -3 of

UnSCEeC © 3:)
type: v s zan't
te cie 1o
usec.

Types of Pointers

There is a pointer type for each of the C/C++ standard data types. Thus, you will
create and use an int powinter for working with integers, a char pointer for working
with characters, and so on.

What Isn't Covered Here

C supports a special, generic type of pointer called a void pointer. The uses and
implications of these are discussed later in this module. In anott .r module, you
learned how to define your own data types. User-defined types 1 also have their
own poinhters. (This issue is covered in another module.) Finali  .ou can have
pownters that point to functions. That is an advanced topic that 1s not covered in this
course.

Features of Pointers
Pointer variables have to be created, just like other variables.

The asterisk in a declaration statement makes the vanable that follows it a pointer.
The * does not have the same meaning as the multiplication or the dereferencing
operator. The example in the foil creates an integer pointer. You might say that p is
a variable that is capable of pointing to an integer.

It’s important 10 recognize that in the declaration above, the pointer does not
cwrrently point to anything. As you leamed earlier with the built-in data rypes,
creating space doesn’t mean that anything is assigned (o that space yel. Il is
imporiant (o stress that even though the pointer is capable of pointing, it doesn’t
point o anything yet.

Pointers, like other variables in C programs, can be automatic local, static iocal, or
global in scope.

PR
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Pointers Contam Addresses

Stide
Objective
Cover the use
of the

. Va!cﬁs Exist @ Same Locxiton in Memory. ]
= Generdle Ackiesses with the Rderence (8 Cpardier

ampersand
character, the
address-of = Pontlar Va'ld.'ls Hddﬁd'lass
operator, to set int *iptr:
Q pointer, :
int iCount = 26; |
lPtr = &iCount:;
- m«ns@
‘ ~1000 '
(K:ev Points Sequence
over the three
statements The three lines of code in the foil are ml.erprete,d as follows:
aboveinthe |« g jptr isapointer 1o a type integer.
sequence ] .po ' type ) 8
presented. Use | ® iCount is an integer initialized to 26.
pointer and : . . . ,
address » Assign the address of iCount (o the int pointer 1Pt r.
terminology.

_ In algebra, the equal sign(=) is much like a balance scale: the two sides of an

" equation must balance. For instance, 8 + 8 = 16. The same is true, generally, of
computer languages like C. The type on the left must be same as the type on the
right. In the statement iPtr = &iCount, this is rue. On the left is a pointer variable
that can hold an address of an int. On the right, the & operator generates the
address of an integer. The two sides balance.

We have seen that there are two uses for the asterisk as a token in the C language:

.. — . - as the multiplication operator, and as the pointer-creation operator.in a declaration

staiement.

There's a third use of the asterisk, as you'l! see next.

L
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Slide e
Objective
Dereferencing
a pointer gives . Dereferendng
the variable : .
pointed to by * ThrdUsedt
the painter. « Ddfaae didnwha apdnta is poringto
Given iPtr = &iCountz; §
cout << iCount;
E iCount = 26;
;'w::
Dereferencing
An asterisk is a dereferencing operator if it is placed before a pointer variable in
executable code.
What Is a Dereferencing Operator?
When placed before a pointer variable in an executable statement, the asterisk
generates an instruction to look (through the pointer) to the address that the pointer
contains. Dereferencing an integer poinier obtains an integer, dereferencing a
double pointer obtains a double, and so on. Use of a pointer is called “‘indirection.”
Key Points In the foil example, you see that a dereferenced pointer variable can be used as both

The processing
depicted uses
the
dereference
operator to
assign 26
‘where the
pointer, iPtr,
points to.”

an rvalue and an lvalue. Wt :1 you use 4 dereferenced pointer as an lvalue, the
original value is changed 1. this:

*iPtr = 26;
cout << iCount;

This prints out 26.

* i Pt r is transiated as “the contents stored at the address iPt r holds”
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Demo

PQINT 1.CPP is located in \DEMOSWMOD 5. This demo ties a pointer to an

integer and compares the syntax for variables and addresses to that of pointers and
dereferences.

// POINT1.CPP Found in ‘demcs\medl5

// Creating pointers and working with pointer notation.
dinclude <iocstream.h>

void main(}

{

// '*' used in a declaration denotes a pointer variable
// (This *» is not multiplication and not dereferencing.)
int *iPtr; // iPtr is a pointer to data-type integer
int 1Count = 26;

// set the pointer to point to a variable

1Ptr = &iCount; // address-of '&' assigns addreas

// iCount == *iPtr
cout << " iCount = " << iCount << endl;
cout << " *1Ptr = " << *iPtr << endl:

// &iCount == iPtr
cout << " §iCount = " << §iCount << endl;
cout << " iPtr = " << iPtr << andl:

// just for fun...
cout << " &iPtr = " << §iPtr << endl:
cout << " *iCount = " << *{int *)iCount << endl;
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Differing Uses of *

Slide
Objective :_
Explain the ' Creates the iPtr Pointor
distinction V' atDeclaration Time
between the - ,
use of **"ing : int *iPtr:; :
definition
statement
where the i
pointer is iPtr = &iCount;f
cregted *iPtr = 50;:
versus e
an executable
statement
where the
pointer is
dereferenced.
Only
“dereference”

int iCount: ﬁ

Uses the Pointer
at Run-Time

IS an operaror.

Delivery Tips
Draw a simitarity
that the "&”
used to declare
areference is
like the **~ fora
pointer.

NEITHER IS AN
OPERATORS.

int *iPtr;

int iCount = 2§;

*iPtr = §iCount!; // wrong
Ptr = giCount; // right
iPtr = 50; // right
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Demo

POINT2.CPP is located in \DEMOS\MOD1 5. This demo compares the syntax for
varnables and addresses to that of pointers and dereferencing. I1 also shows various

ways a pounter can be used (o manipulate an array of integers.

// POINTZ2.CPP Found 1n \demos\mcdl5

// Contrast 5 different methods to total an arzray
// of i1ntegers. The lasc 3 use an 1ateger polinter.
finclude <iostream.h>

1nt iSuml, iSum2, 15um3, 1iSumd, iSumb;
int nSales{] = { 26, 18, 31, 22, 35 };

void main ()}
{
int *iPtr, ilndex;
// calculate the size of the
// array {portable arc code}
int 1Size = sizeof (nSales) / sizeof {(*nSales);

// Method l: traditional array nctaticn
for {iIndex = 0; 1Index < 1Size; 1lndex++)
iSuml += nSales(1Index];

// Method 2: use the array name as a pointer
for (iIndex = 0; ilndex < 15ize; ilndext+)
isumb += *{nSales + :1Index);

// Methed 3: "scale™ coff the pointer
1Ptr = nSales; // equivalent to = 4nSales[0]
for (1Index = 0; i1Index < iSize; ilndext+)

iSum3 += *{1Ptr + ilndex);:

// Method 4: subscript off the pointer

iPtr = nSales:

for {iIndex = 0; iIndex < iSize:; iIndex+t+)
iSum4 += iPtr([ilndex];

// Method S: "walk" the pointer

iPtr = nSales;

for (ilndex = 0; ilIndex < 1S5ize; iInde%++}
i5um2 += X1PUI++; -

cout << "Apny way you look at it, the sum of the "
<< iSize << " weekly\n';

cout << "sales numbers 1s8: " << iSuml << ", "
€< LSum2 << "," << 1Sum3d << ", " << 15umé
<< ", and " << iSum5 << endl;
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Demo

POINT2.CPP is located in \DEMOS\MOD15. This demo compares the syntax for
vanables and addresses 1o that of pointers and dereferencing. It also shows vanous
ways a pounler can be used to mampulate an array of integers.

// POINT2.CPP Found in ‘\demos\modl3

// Contrast 5 different methods to total an array
// of integers. The last 3 use an integer pointer.
f1nclude <1ostream.h>

int 1Suml, 1Sum?, iSum3, iSum4, 1Sum5;
int nSales[] = { 26, 18, 31, 22, 35 };:

void main ()
{
int *iPtr, ilndex;
// calculate the size of the
// array (portable src code)
int iSize = sizeof (nSales) / sizeof (*nSales};

// Method 1: traditional array nctatien
for {(1lndex = 0; 1lndex < 1Size; ilndex++}
iSuml += nSales[ilIndex];

// Method 2: use the array name as a pointer
for {(iIndex = 0; iIndex < iSize: 1Index++)
iSum5 += *{nSales + ilndex);

// Method 3: "scale" off the pointer
iPtr = nSales; // equivalent to = snSales(0]
fer (iIndex = 0; iIndex < iSize; 1Indext+)

15um3 += *(1Ptr + 1Index}:

/7 Method 4: subscript off the pointer

iPtr = nSales;

for (iIndex = 0; i1lndex < iSize; ilndex++)
iSum4 += 1Ptr(ilndex];

// Methad 5: "walk" the pointer

1Ptr = nSales;

for {(ilndex = 0; iIndex < iSize; ilIndext+)
iSum2 += *iPtr++;

cout << "Any way you look at it, the sum of the "
<< 181ze << " weakly\n":

cout << "sales numbers is: " << iS5uml << ™, "
<< iSum2 << "," << iSum3 << ", " << iSum{
<<, and " << iSumb5 << endl:;
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Demos

POINT3.CPP is located in \DEMOS\WMODI5. [t shows three versions of a string
copy routine. This is where pointers to character arrays are most efficient.
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// BOINT3.CPP Found in \demos\modl5

// Contrast three ways to pass arrays of characters
// to functions.

#include <iostream.h>

.// Use [] or *, it's all the same in a prototype

void my_strepyl{char (]|, char []):
void my_strcpy2{char *, char *):
void my strepy3d(char *, char *};

char szBuff[] = "An array is always passed”
" by reference.\n";

void main ()}

{
char azBuffl(100], szBuff2{100], szBuff3{100];

my strcpyl(szBuffl, szBuff});
cout << szBuffl;
my strcpy2(szBuff2, szBuffl);
cout << szBuff2;
my strcpy3d{szBuffl, szBuff2?};
cout << 3zBuff3 << endl;

}

// Method 1: traditional array notation.
void my strcpyl (char szDest{]., char szSource(]}
{
int 1i;
for (i = 0; szSourcel[i] '= '\0'; 1++)
szDest[1] = szSourceli]:
szDest [i] = 'N\O';

}

// Method 2: shrink the code
void my strcpy2 (char *azDest, char *szSource)
{
int i = 0: L
// loop stopa after NULL assigament occurs
while (szDest[i] = szScurce(i])
itt;

}

// Version 3, increment the pointers

void my_strcpy3 (char *szDest, char *gzSource)

{ // loop stops after NULL asaignment occurs
while (*szDest++ = tazSource+t+):

]

// Note: The "while".loops in Methods 2 and 3 may //
// generate warning messages from your compiler. //
// That's good. I'd want to be warned about that //
// unexpected location of an assigament. - Ed /7
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R.CPP is located in \DEMOS\MODIS5. It shows how to make the sw
.wap by passing addresses and using pointers.

ZAAPPTR.CPP
Functions that

Fzund in \demos\modl5

zake polinter argument= have

access to the caller's data.
#1nclude <1o0stream.h>

// CHANGE #1

void swap(int *,

voird main{)

{

)

int x (5

couk << "X .13
cout << " and

swap({&x, &y);
cout << "X is
cout << " and

// CHANGE #3

void swap(int *a,

{

int temp;

// CHANGE #4
temp = *a;

*a = *b;

*h = temp;

// function prototype

int *):// swap is a function that
// takes 1nt ptr arguments
// two local variables x and y
(10); // Notae: equivalent to:
/7 int x = 5, y = 10;
"o X,

Y is " << y << endl;

// CHANGE #2 saddress of integers
v X

Y i3 " << y << endl;

T *b) // Now takes pointers
// a3 arquments

sl

Must dereference ptrs to get values
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Contrasting References and Pointers

Slide
Objective
Starting with
call by vaiue,
begin a
contrast of
Pointers vs.
References,
The graphic on
the following
page will assist
the contrast.

» Cdl by Vduevs. (il by Panter
= By\Vdue
» Oy faguratis mukan thestak
= Oogss dfet aiy heapy, o thegignd
s ByPdrier
= Adttess f aguentis possedan thestak
» Crargs dfadt aignd hroghrefaendng

When to Call by Pointer

You should call by pointer when a function argument must be modified in the
function andfor it 1akes up a lot of space. Space is an issue because an argument
passeqd by value will be pushed onto the stack. Suppose you have a 1000-byte
structure. Every time you pass it by value to a function, 1000 bytes will copied over
to the stack. This will be time-consuming.
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Demo

REFPARAM.CPP is found in \DEMOS\MODI5.

Note the use of the asterisk and the ampersand as well as the use of the const
keyword in the prototypes.

// REFPARAM.CPP found in \demos\modl>
// Contrast three ways to pass arguments to functions.
// (Note: Pointers will be covered next.)
#include <iostream.h>

// structure definition and declaration, beo
struct bigone

{

int nbr:
char text[1000Q); // space for a lots of char's
} bo = {123, "This is a big structure” };
// function prototypas
void valfunc(bic ): // call by value
void reffunc{cor sigone&); // call by reference
void ptrfunc{con sigone *); // call by pointer

/*l*l‘!l’lt**l!lttl Small Teﬂt proqram tli*l!ltlilil’!'ll’l"/

void main()

{

val func{(bo) // passing the bo values
reffunc(bo}; // passing a reference to bo
ptrfunc(abo); // passing the address of bo

cout << endl:;

}

void wvalfunc(bigone vl) // pass by value
{
cout << '\n' < vl.nbr; // "." dot operator is
cout << '\n’' ° vl.taxt; // member of notaticn
}
veid reffunc(cen sigoneé& ri) // pass by reference
{
cout << '\n' . rl.nbr; // reference notation
cout << '\n' < rl.text; // sama as member of

}

void ptrfunc(conat‘bigona tpl) // pass by pointer

{

cout <<
cout <<

'\n' << pl=>nbr; // "=>" pointer to
'\n' << pl->taxt; // struct member notation
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References and Pointers

Slide
Objective
Contrast the
processing that
occurs guring
the declaration
and assignment
of Refs and Ptrs.
Note the
opportunities
for errors or
typos.

Note the
additional
storage for a
pointer.

int *iPtr;
int iCount: lhmory Locetians
int §iRealCount = iCount;

Mdrems
1lt: = SLCount

n-a
n-2
n-
n

n+
n+2

Put graphically, the contrast of pointers to references would look like the above.,
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Slide
Objective
Summarize the
Refs versus Ptrs
contrast,

= SirrpiifiedSyniox
» MreFiadde Qoo
s Hind:

s Usergferencss wherewsr yau haeqdace behween
referaass andpdries.

"« Usepriniss Intherardringases —gnaricreamay
diccdion g anamcadasirudures B Erkedlists.

References give you more flexibility because you can easily change back and forth
between passing and returning by value and by reference. Only the function
prototype and header must be touched. By contrast, when you use pointers, you
must also touch the function call and the function body.
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Lab 13: Using Pointers to Manipulate Strin

Slide
Objective
Execute the lab
solution.

Set the lab
objectives.

Ask students to
read the lab
scenaro.

gs

Key Points

The loop to
copy
characters from
one string to
another would
appear not 1o
work if:

1) later code
places the NULL
character in the
wfong location.
or

2) there is an
*off by one”
error starting
the copy locp.
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Y. Overview

Slide
Objective
Provide an
overview of the
module
contents.

s ABugTypdogy

= TheVisud Warkbench Infegydied Debuge
= Using DetuugWindows

Some people define a bug as any shoricoming that a program mught have. Others
define a bug as incorrect operation. There's room for interpretauon between these

two definitions. For example, would you say a program that runs too slow has a
bug?

In this module we’ll restrict our scope to those bugs which arise either from
incorrect use of the language or some flaw in the basic logic of the program.

Module Summary

Continuing on the theme of important programming skills, you will now leam to use
the debugger. In the demo you will be given a sample program that has a number of
errors embedded into its code. You will use the features of the Visual Workbench
debugger to find and eradicate them. And while we strive to provide you with non-
trivial examples, you will still need 1o gain real-world experience before you can
fully appreciate how and when to apply the debugger.

Objective .

Upon completion of the module, you will be able to use the features of the Visual
Workbench integrated debugger.
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A Bug Typology

Slide
Objective
Loosely. a bug
includes all
these errors.
Cevelopers
need to get
through the first
2 aregs and
have the .EXE in
order t0 use the
debugging
tools.

........................................

= Qovplg eerdes T MesSaEEs
s Sewanrgleds
» Link Errars
» Uncefinec syrcs
s Mitidy oinedsyrriods
« LogcEmras
s Agoithyr ras
s LOQIC SQpeTas

Errors Caught by the Compiler

A synlax error is caused by miscoding a statement You've probably encountered a
number of them by now: a missing semicolon, a parenthesis out of place, a
misspeiling, and so on. The compiler finds these and alerts you quickly. Semantic
errors, on the other hand, are a little more complex. They occur when you have
obeyed the grammatical rules of the C++ language, but have done something
nonsensical —multipied a pointer by an integer, for example. On the surface, this
loks like one variable multiplied by another, but the compiler knows that a pointer
can’t be multiplied by a -umber meaningfully. The compiler would generate a
compile-time error me: e, and you would have (0 remedy the situation before the
program wouid build.

Errors Caugh: y the Linker

The linker’s job is to f. . and incorporate all the external references your program

makes. It generates an : vor message if it either can'l find a symbol (function name,

class name, or giobal vanable) it needs to resolve, or if the symbol is defined more
than once. Again, you would receive some son of message stating the problem.

Logic Errors

Logic errors can be very tricky. Let’s say you have created utterly intelligible code.
It compiles and links without incident, but it doesn't do what you want it t0. The
culprit is generally four 1 in two types of logic error: 1) either you've used the
wrong algorithm—or - .coded it, or 2) you have inadvertently composed an entity
that destroys itseif (or  nething else important), For example, you might have
accidentally indexed o he end of an array. You might have created a wild pointer
that is happily corrupu  things it shouidn’t touch. You might be dividing by zero
—either through a trur :tion or a convoluted calculation. Remember, run-time
errors (generally logic rors) may or may not be accompanied by error messages.
This is compiler-depenuent. The C++ language does not require run-time errors 10
be scouted out by the compiler.
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Key Points
Remind
students to use
F4 to match
code-lines with
ernor and
warning msgs.
Also use F1 for
additional
assistance.

Tip The first two categories of bugs are dealt with in a very straightforward way:
The compiler points to the offending syntax and you search down the problem,

Logic errors are not like this. Often you want to jump immediately into the
debugger to soive logic errors. Don’t Take a moment to carefully read over your
code and see if the problem isn’t apparent. If the problem’s not apparent, you may
be able 10 at least formulate a hypothesis that you can test by using the debugger.
You will probably want to invoke the debugger, however, if you have pointer or
dynamic memory errors.
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The Visual Workbench Integrated Debugger

Slide
Objective
Present high-
level interface
for starting the
VWB debugger.

................................................. B et LLT T T T T T  E

Debug Jools Qptions Yindow
Go FA '
Beatart Shift+F5
Stop Debugging Crl+C
Stop [nto -

Step Qvar £30

Siep 0 atm————— S
Step to Cursor F7 : r

how Cail Stacks [Ny A %
Breakpoints.., *+——Ctrbxl—
QuickWatch.,. #————ShiftsF-

Visual Workbench has an integrated debugger that is accessible from either the
Debug menu or the tooibar. (The control mapping is shown above.) If you need
more information about how the debugger is controiled, go to the Help menu and
chose the Visual Workbenc*™ wption. Visual Workbench Help provides information
on the toclbar and shortcur «.ys, a narrative miroduction to debugging your
application, and a discussion about to provide build information o the debugger.

With the debugger, you can step through your program’s stalements a variety of
ways. You can place breakpoints in your code and toggle them on and off. You can
see how the values of variables change as your program executes. You can also see
the values placed in the CPU’s registers (though this is a bit outside the scope of
this course).

Note The Visual C++ Professional Edition also includes the Microsoft Code
View debugger if you prefer (o use it.
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Using Debug Windows

Slide
Objective
Depending on
student
experience with
Windows and
debugging
tools.

1) lead students
through the
exercise

2) get them
stgrted. or

3) turn them
logse to
complete the
exercise.

r

= Demox PARTOCBT.CPP
» Buldudy Dehghoce
s Set  pWadh Windbns
= Se ardiqgieonbbedqxins
» Siepthraghaxwihwaios qias
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Working with the Debugger: A Walkthrough

Preface Concerning Conventions

As you progress through this exercise. you'll discover that the Microsoft Visual
Workbench offers multiple methods for controliing the debug session. The
instructions listed below progress through three different methods: using menu
opuons, using functon or control keys. and using the toolbar buttons. (This exercise
generally ignores most accelerator keys.) After compleung the exercise, lake time to
pracuce whichever method 1s most comfortable and efficient for you.

Instructions

Before you start this exercise, you should understand what the application does. It is
very similar to the inheritance lab you completed earlier.

To open the file PARTCOST.CPP

1. Stan MS Visual C++ and make sure any open projects or files are closed.
To close a file, choose Close from the File menu.
To close a project, choose Close from the Project menu.

2. From the File menu, choose Open.
‘The Open File dialog box appears.

3. In the Directory box, select the \DEMOS\DEB UG subdirectory.
PARTCOST.CPP will appear in the File box.

4. Inthe File box, select the filename PARTCOST.CPP.

5. Choose the OK bution,

To set Visuai Workbench to build a non-debug .EXE file
Run this to see what the application does.
1. From the Options menu, choose Project.

The Pr(;ject Options dialog box appears.
2. In the Project Type box, select QuickWin application (.EXE).
3. Under Build Mode, select the Release option button.
4. Choose the OK button.

To build PARTCOST.EXE
1. From the Project menu, choose Build PARTCOST.EXE.

2. Assuming PARTCOST compiled and linked with no wamings or errors, use
CTRL+F4 10 close the compiler output window.
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Y. Tostart PARTCOST from Visual Workbench

I. From the Project menu, choose Execute PARTCOST.EXE.
You’'ll see this output:

‘ 5- PARTCOST -
| File Edit View State Window Help

Stdin/StdouyStderr
PartId C'tor: 1 arg
ImportedPart C'tor: 3 args

I.S.H., Inc.

Part Price List:
Part1 (generic) PN: 1
Part2 (domestic) PN: 2 Price: 10
Part3 (imparted) PN: 3 Price: 190
Partyd (imported) PN:
ImportedPart D' tor
artll) D’'tor

%;’5”4 et

oEy Ty
e A

PARTCOST.EXE crealed three PartID objects and displayed their values.
2. Use CTRL+C 0 close the PARTGOST output window.

The current build has not been compiled for debugging.

Note its size here:

Compiling for MS Visual Workbench

2 To recompile PARTCOST.CPP for Visual Workbench debugging
1. From the Options menu, choose Project.

The Project Options dialog box appears. Do not change the Project Type: leave
it as QuickWin application (.EXE).

2. Under Build Mode, select the Debug option button.
3. Choose the OK button.

Y. To build PARTCOST.EXE
1. From the Project menu, choose Build PARTCOST.EXE.

A dialog box appears, asking you to confirm that you wish to build the affected
files.

2. Choose the Yes button.
Note the new size of PARTCOST .EXE here:
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Two or more important cempiler options were changed for this build. The /Od
opuon suppresses optimizauon and the /Zi opnon inserts debugging information into
the .EXE file.

3. Assuming PARTCOST compiled and linked with no wamings or errors, use
CTRL +F4 to close the output window.

Starting Debugging in MS Visual Workbench

Z To start a debug session with Go
1. From the Debug menu, choose Go.

PARTCOST runs to completion. Note that the output is identical to the
execution results you have already seen.

Use the Control menu (the icon in the upper-left comner of the PARTCOST
window that looks like a miniature spacebar) as follows.

2. From the Control menu, choose Close.
3. Close the process-termination message box by choosing the OK button.

E To Restart the debug session
¢ From the Debug menu, choose Restart.

Controlling Multiple Windows in Visual
Workbench

As MS Visual Workbench restarts, the Source window appears. Many other
windows are available to view the execution of the application. One of the most
useful is the Locals window.

Z To open the Locals window
1. From the Window menu, choose Locals.

2. Arrange the two windows so that both are visible. (Choose Tile from the
Window menu, or select, size and move them yourself.)

<1> CADEMOS\DEBUGWARTCOST.CRP

int main()

PartID Partl (1),
DosesaticPart Partl é? o e e s
~InpoeteniPaxt Partd (%" I! 12&!*..“ SR eT R
IaportedPart Partd (4, 100, 90),

04)+PartID Fartl
0A]+InportadPart
lul-phpu:nodl’art
14]+DomesticPart
16] 1ot 1 = 109213

B3 ARBARRSVRYRAH
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Using Function Keys
J. To single-step through a procedure using function keys

1. From the Debug menu, choose Step Into 1o get through the startup code and into
the mz _x funcuon.

The first executable line of main is highlighted, and the function’s local
variables appear in the Locals window. The vanables displayed in the Locals
window change every time you move from one function 10 another, The
incoming parameters to a function and auto variables are shown in the Locals
window.

Everything you'li need to do in MS Visual Workbench can be done with the
function keys, the mouse, keystroke combinations, or the toolbar (below the menu
bar). You'll explore all of them in this exercise.

Here’'s whai the function keys do:

F1 Help

F2 N/A

F Find

F4 Next ervor

F§ GO! Execute to end of program or next breakpoint

F6 Switch windows

F7 Execute up to the line the curser is on

F8 Single-step and trace into user-wrinen functions

2] Toggle breakpoin: on the current line

F10 Single-step, but don't trace into user-writien functions
(They are executed, however.)

Using mouse options

s The left mouse button makes the current window the active window. [1’s thus
similar to F6, but faster. It also chooses menu items in the normal fashion.

s Double-clicking the left mouse button in a line selects the closest word to the
mouse pointer. (It does not toggle a breakpoint, as in MS CodeView.) This 1s
useful when selecting a variable for a Watch window.

Stepping Through a Program

Z To step or trace through a program
1. From the Debug menu, choose Step Into.

MS Visual Workbench has executed one line of the code listed in the Source
window. Execution goes to the 1-argument constructor for the Parc ID class.

2. Press F8.

MS Visual Workbench has executed one more line. Which step was easier
for you?
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3. Continue pressing  and watch the program trace.

MS Visual Workb ch is executing one line of code in the Source window. The
selected line is the _ext line 10 execute. Notice that the variables in the Locals
windows are updated as they are assigned new values and as execuuon enters
vanous funcdons.

. Restart the program by pressing SHIFT+F5. (Compare this method to that of using

the mouse or menu (rems.)

. Perform the following steps:

a. Press F8 five tin:es. The cursor should be on the declaration of the
DomesticPar- object, Part 3.

b. Press F8 five limes more. Execution has created the base object, Part ID
with a vaiue of 2, and execution is back to the two-argument constructor for
the Domestic™ irt. Note that there's a new set of variables in the Locals
window.

c. Continue press 8 until the cursor is on the curly brace at the end of the 2-
argument cons!  :tor.

d. Press F8 once more to retum from the constructor,
e. Execution has advanced to the declaration of Parc3inmain,

. Press F10 two times.

The construction of the Part 3 and Part 4 objects is compiete. The
ImportedPart 3 wgument constructor was called, the base Part ID was
built, and both conswructors were completed. You didn't have to race through it.
This is useful for when you're racing through a program and you hit a function
that works correculy or that you're not interested in.

Note that F8 only traces into all inline and all user-written functions. When
you're looking at source code, if you use Step Into on a call to cin or cout, for
instance, F8 will jur 5 from your source code window into the source code
window for [OSTE "AM.H at the statement definion for the inline functon.
This may not be w: _( you want. Plan (o use F10 for all inline funcuons.

Examining Variables in the Locals Window

Z To explode the display of objec1s, structs, and variables
1. Click anywhere in ihe Locals window ta give it the focus. Then place the mouse

cursor on a comer of the window and drag the edge around as needed to see the
four objects.

. Restart the program by pressing SHIFT+FS. Now start pressing F10 a few times (it

doesn't malter many times, but five or six wiil do).

The objective here is 1o waich the variables change. In particular, the four
objects which hold member data. No changes are visible.

Any time an object, structure, or array appears, you can expand or collapse the
display to include or exclude members by double-clicking on a variable. Try this
on Partl and Par-3 in the Locals window. Note that the + on the exreme left
converts (o a -. Double-clicking the first line of the object again collapses the

display.

. Restart the program by pressing SHIFT+Fs. The Locals window will retain the

setings you established.
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Sefting and Clearing Breakpoints
E To set and clear breakpoints

I. Click somewhere on the Source window to give it the focus, and use cursor-
movemnent keys 10 place the cursor on line 101. (The line number is the next-to-
last field on the status bar at the bottom of the Visual C++ window.)

2. Press .

This selects line 101 and estabiishes it as a breakpoint. The F9 key is also used
(0 remove a breakpoint.

Press P twice, leaving a breakpoint set on line 101.
3. Place the cursor on line 103. Press . This will establish line 103 as another

breakpoint.

4, Press Fs.

MS Visual Workbench executes the program up to the first breakpoint. Line 101
is the next line to execute. Press F9 to remove the breakpoint on line 101.

Press F5 to execute to line 103. Press P 1o remove the breakpoint on line 103.

Viewing Assembly Code

Y, Tosee PARTCOST in Assembly
1. Press CTRL+FT.

The source code window now shows a mixture of C/C++ statements and
assemnbly-language statements.

Move around in the Source window using the PAGE DOWN and PAGE UP keys 10
examine this feature.

C/C++ programmers sometimes find it necessary o see what the compiler generated
from a given expression. This is also a valuable leaming tool. You can see how a
compiler builds a program, how a function is calted, and many other useful bits of
information. You are encouraged to use the debugger and this display mode to
examine programs this way.

At this course’s level of programming, you probably won't use the CTRL+F7 keys
when doing actual debugging. Stll, in advanced programming, a mixed view of
source code can be a useful debugging tool.

2. Press CTRL+F7 again and you're back to just source code.

There is another use for F7. It is the equivalent of setting a breakpoint with P9 and

then pressing F5.

3. Use the cursor-movement keys to position the cursor on line 1 18. Press F7.
MS Visual Workbench executes up to line 108 and stops.
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The Visual Workbench Debugging Toolbar

Toggle Breakpoint

Step Over
Step into

From your expenence in the class, you might already be familiar with the leftmost
buttons on the Visual Workbench toolbar. Those buttons are used when you write
your applications. From left to right they are Project Files, Open, Save, Find (and

the dropdown), and Find Next. The middle three buttons are Compile File, Build,

and Rebuild All. The six toolbar buntons we'll examine in thus debugging exercise
are as follows.

» Toggle Breakpoint sets or clears a breakpoint at the current location in the
Source window.

s QuickWatch works with the QuickWatch dialog box 10 add and display a
vaniable in the Waich window.

» Run starts execution from the current location until a breakpoint is reached or
the application terminates. (It is equivalent (o the Go menu opdon or the FS key.)

s Step Into executes one line <tepping into a local function call if appropriate. (It
is equivalent to the Step Intw menu option or the F8 key.)

s Step Over executes one line or function call without stepping inte the function.
(It is equivalent to the Step Over menu option or the F10 key.)

= Step Out executes out of the current function call and stops immediately
following the call 1o the function. (It is equivalent i¢ the Step Out menu option or
the SHIFT+F10 keys.)

To practice using the debugging buttons on the toolbar

I. Place the cursor on line 121 in the Source window. Click the Toggle Breakpoint
button on the toolbar. It will be highlizinted.

2. Restan the program by pressing SHIFT+FS.
3. Click the Run button on the toolbar several times.

Notice how the program stops each time it hits the breakpoint. Waich the value
of i in the Locals window as it changes. You may have to juggle the positions
and sizes of the Locals and Source windows (o see all this,

4. Click the Siep Over button on the toolbar once to advance to £or loop line
above the breakpoint. Move the cursor to line 121 and click the Toggle
Breakpoint button on the toolbar. (That deselects the line.)

Note The apostrophes in here aren't true. (They should be.) Remove
parentheses.

5. Click the Run button on the toolbar again.

The program runs to completion. You should see the QuickWin output screen.
6. Use ALT+FS to stop debugging. (There is no tooibar equivalent.)
7. Close the process-termination status box by choosing the OK button.
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E To restart the program

1. From the Debug menu, choose Restart.
2. Make the last line of ma in (line 123) a breakpoint.

Use the scroll bar on the Source window, the mouse, and cursor-movement keys
1o get the cursor 10 line 123. '

3. Click the Toggle Breakpoint button on the toolbar,

Make a breakpoint at the end of ma in whenever you begin a debugging session.
Since you're never interested in anything after ma in, this is a good and typical
Jracuce when debugging applications.

4. Click the Run button on the toolbar.

To stop and restart the program

1. Press ALT+FS to stop debugging. (There is no toolbar equivalent.)
2. From the Debug-menu. choose Restart

3. Click the Step Into bution on the toolbar.

The Registers Window

To examine values in the registers
1. From the Window menu, choose Registers.

A new window opens. showing the machine's registers in two-column formalt.
You can resize the window as taller and less wide; the display will change 10 a
single column. Ordinarily this isn't of much interest (o a novice programrmer.

2. Start pressing F10 and watch the registers change.

One register that is of interest to a programmer is the AX register. All functions
with a return statement pass the return value in the AX register. If you re calling
a function and your program isn't written (0 check the return value, you can
examune the return value this way.

3. Press ALT+1 to change focus to the Source window. Similarly, press ALT+2 and
ALT+3 o cycle through the Locals and Registers windows.

4, Press ALT+1 again (0 retumn to the Scurce window.

The QuickWatch Dialog Box
To display the QuickWatch dialog box

The Locals window shows all the variables visible by scope to this function. When
debugging, you should closely oack the values in just a few variables. The
QuickWatch box allows you to check the current contents of any variable.

1. In the Source window, place the mouse pointer over the object name, Parcl.
2. Double<click the left mouse button, (The variable is selected.)
3. Click the QuickWatch button on the toolbar.
The QuickWatch box appears, listing the variable and its current value.
4. Press the ESC key to close the QuickWaich box.
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The Watch Window

Some of the imponant variables in PARTCOST are the arguments received for the
[mporredPart object Part 4. The program display indicates an error in that
object. The value listed on the screen for the Price is ncorrect.

[U's easter to rack important variables in a separate Watch window.

z To watch the values of your program’s variables change during execution

5.

1. In the Source window, place the mouse poinier over the variabie Part 4.
2. Double-click the teft mouse button. (The word is selected.)

3.

4. Choose the Add To Watch Window button.

Click the QuickWatch button on the toolbar (or use SHIFT+F9).

A Warch window appears. It displays variable de'.ils in a window. The Watch
window is handy for examining global variables  ou usually won't place local
variables in the Watch window unless you want  ter how they 're displayed.

Press F10 several times 1o see the variable in the - itch window change.

Other Visual Workbench Features
Here are some other MS Visual Workbench features you might find handy:

»
Any time a structure or amray appears. you can expand or cotlapse the display to
include or exclude strucnure members, This done by double~clicking on a
vanabie, Try this on Part 4 in the Locals window. Note that the + on the
exmeme left converts to a -. Double-clicking the first line of the struct collapses
it again,
You can work with all of your breakpoints at once by displaying the Debug
menu and choosing Breakpoints. (Breakpoints are a complicated subject in MS
Visual Workbench.) In addition 10 just making a particular line a breakpoint,
you can do the following:

e Break on a line if an expression is rue.

¢ Break on a line if an expression changes.
o Break anywhere if an expression is true.
o Break anywhere if an expression changes.

The latter two options drastically slow down the Go, Run, and Step options of
the MS Visual Workbench debugger. This is because the debugger has 0
interrupt your program after every machine instruction to see if it shoutd stop.

If you can find a variable in a window, you can change its contents. Try this on
the n_mPartNbr variable in the Locals window. (You can even change
registers in the Registers window, inctuding [P, the instruction pointer. Be sure
you know what you're doing if you aitempt this.)
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On Your Own

For the remainder of thus exercise, experiment with MS Visual Workbench. Try to
locate the processing error that causes the Price of Part 4 1o be zero. (We expect
10 see a numeric Price of 90.)

Be sure you're comfortable with the features covered so far. All debuggers are the
same in that they all:

= Allow you 10 single-step through a program,
» Examine variables.

Everything else is just an enhancement. Be sure you can do those two things with
MS VYisual Workbench.

A complete mastery of MS Visual Workbench takes considerable time. This
exercise has just iouched on the highlights and most essenual features. You are
encouraged to consult the documentation and 10 experiment a lot. There's also
considerable help available in the helpfiles. You can press F1 to get Help in MS
Visual Workbench.

The very best prograrmmers are often those who have mastered a good debugger.
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Y. Overview

Slide
Objective
Provide an
overview of the
module
contents.

= Reduce the Overhecd of Using Strings
s Usecn MFCQcss Likray

s Mrnipidethe Charaders QormpesingaSking

Module Summary

In the last few modules, you have explored character arrays, pointers lo characler
arrays, and strings. In this module, you’ll see how using string objects can
significantly reduce the overhead associated with manipulating the character array
that composes a string.

The point that is being made in this module can be extended beyond mere character
arrays. Using commercially available class libraries can significantly reduce the
amount of programming you need to do in general. In fact the whole point of this
course i8 (o provide you with the skills you need to be a competent class library
user. Microsoft’s Foundation Class library is by no means your only option. Since it
is inctuded with the Visual C++ development environment, it will be used as an
example of how you can incorporate and reuse code from commercially available
class libraries.

This module concludes the three-module set on arrays, pointers, references, and
strings. Recall from the lectures in these modules that pointers and references can
be used to refer to either the value contained within a vanable, or its address. This
brings us 0 an important subject: how does a program utilize the computer’s
memory? That is the topic of the next module.

Objectives
Upon completion of the module, you will be able to:
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Key Points
Cover the
objectives to
set the
direction for the
module.

The lab sclution
output is
identical to the
previous lab,
but is much
smarter about
sting-handling.

» Include the MFC CString class declarations.
s Instantiate obr- 'ts of type String.
s Manipulate the characters composing a string.

Lab

Using Commercially Available Classes
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CString: A Microsoft Foundation Class

Stide
Objective
Discicimern MFC
librcries are C++
classes cnd
cbjects creqted
for the MS-DOS
and MS-Windows
platforms. The
euickwin apps
we're building are
closer to
character-mede
DOS apps than
graphical
windows apps.
The applications
framework (afx}
must be told NOT
to include all the

= Macosdt's Carrerdd Qass Libray
= Priraily for Windbws gpicdion codqprent
a Mscdioweas Suppart Qosses

s Sovedares o MCligy na spadfictoWndas
cewdgomat

s CShingls aned fesimdevdue fype dasses

« ThaeAreExtraSteps Recuiredtoindude CString with
QuidiMn Progars

YITTUOWS ULD
classes. The pre-
processor
directives below
macke that
distinction.

MFC libraries are primarily for Windows application development (which is
outside the scope of this course). Using CString objects in QuickWin applications
requires a modification to the include statements. QuickWin applications are a
hybrid between an MS-DOS and a Windows application.

The MFC libraries are not built for the QuickWin applications.
To use CString objects, you must make sure that you have taken the following steps:

1. From the Options menu, choose Project. This invokes the Project Options dialog
box. Select QuickWin as the Project Type.

2. Inthe l:rojem Options dialog box, clear the Use Microsoft Foundation Classes
- checkbox.

3. In the Project Options dialog box, click on the Linker command bunion. This
invokes the Linker Options dialog box. Select the Prevent Use Of Extended
Dictionary checkbox.

4. Manually add the library mafxer (or mafxcrd if you are bullding under debug
mode) to the Libraries text box in the Linker Options dialog box. If you sull et
“unresolved external’ link errors after you have added it. make sure that
MAFXCR.LIB exists in the \MS VOWMFQ\LIB directory.

5. Finally, you must define _DOS before you include AFX.H. Place the above
preprocessor directives ai the beginning of your source file.

This set of preprocessor directives brings in the MS-DOS version of the function
prototypes found in the class declarations of AFX.H.
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Key Points
These
statements are
not necessary in
MFC Windows
apps. Cnly the
#include
<afx.h> is
needed for MS-
COS targets.

To make sure it all works correctly, try building the followmng sampis program.

//*txtetaTagt CString with QuickWin EXEr**awsanx
f1fdef _WINDOWS
fundef WINDOWS
#define DOS
#include <afx.h>
#undef _DOS
#define _WINDOWS
tendif
#1nclude <jostream.h>
int main()
{
CString strHello(“Hello World Of Objects”);
cout << strHellec <<endl;
recurn 0;
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Slide
Objective

A CString
object is made
from one of the
simplest stang-
alone classes
from MFC.

It is fully self-
contained, self-
managed. and
extremely
flexible.

= AVaidiel axgh Sequenceof Charactas

= TheMadrmumSize of aCSing Ctied Is 32,767
Charecters.

a Giring hjects Have Builtin Menmary Allocciton
ities S0 CSirings Con Grow by Concdlendlion.

s GSirings Con BeSubstided for Character Painders in
Fundtion Crdls.

» ChingMmipuidionis Sirrlar toSyntox Faundinthe
Moosaft BasicLongxge .

Even though CString objects are simiiar 1o arrays and character pointers, they
behave like ordinary strings. Like an array, a CString object has member functions
to return the number of characters in a CString object and test whether or not it is
empty. [t can return a character at & given position. and provide access 10 a
character at a given position. Like a pointer, CString objects can be used in place of
character pointers as arguments o functions.

But CStrings are objects. You can use them in assignment statements. You can also
concatenate them with the + and += operators, compare them, sort themn, and exiract
sequences from them.

Next, you will see how (o create CSiring objects. Following that, you will see how
to manipulate data in a CString object.
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Creating a CString Object

Slide
Obijective :
:{tl:lgrglugsm the CString 3l // Empry string
i | CString s2("cat"); //C string literal
overioaded Cstring 93{(szBuff); // where szBuff is a char *
constructors '
offered by
CString. T A
Note: §7 uses :
the copy c'tor. .
Csering s4('x'); // a4 = "x
CString s5('y’', 4); /a5 = "yyyy"
CString 26(a2 + ™ ™ + a5); // 36 = "cat yyyy"
Cstring sT = s5; // "copy" constructor

T G ST S N

s1 is just instantiated as a CString object. It is empty.

s2 is imtialized with a C literal, "cat . " CSiring objects behave like strings, so
they can be given literal values.

53 is construcied from a character pointer.
s4 and s5 are constructed from characters.
56 is constructed by concatenating CString objects with a literal.

s7 might look as if it is gelting its data through simple assignment, but this is
actually a “copy constructor.” which you will examine in a later module.
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Slide
Objective
Besides on .
expected set of Foperator = Reset active buffer lo new contents i
mutator operalor += Concatenate additional string at end of :
. existing string
ggg??;ssﬁ:; operator + Concatanate two strings and retum a i
. new strin i
offers operators ﬁg —
to manipulate
strings. char Convarsions :
MakeUpper, Make Lower, MakeReverse ;
£
char Comparisons :
Compare, CompareNoCase, ==, <, etc,
D ey oy SO % M g S TR T . A \

The CSuing class has special members that define how standard operators may
mamnpulate CSiring objects. Those special members, called overloaded operators,
allow strings to be set and reset (=), expanded or concatenated (+=), and used in
string equanons with + operators.

CSrring includes a series of mutator and mampulator functions to massage or
modify existng strings in place.
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Using a CString Object As an Array

Side T .
Objective ‘
Introduce direct
string access os . = Direct Acoess
an alternate to '
array(subscript) . SdN
notation. : = ColiAl
' Wi ion. i Howi
Key Poin's ith the SetAt member function, if you used the following syntax
Using the. s2.SetAt (2, 'b');
rmutator
functions. the s2 is modified by its member function, SetAt, which places the character 'b’ at
subscnpts are index 2. Given “cat,” the result would be “cab.”
simply function
jarguments. | Inconfrast, Get At (index) returns the character at a particular index value.
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Demo
CSTRINGI.CPP is found in \DEMOS\MODI17,

// CSTRING1.CPP Found in \demos\modl?
#ifdef WINDOWS

fundef _WINDCWS

#define _DOS

#include <afxecoll.h>

¥undef DOS
#define WINDOWS
fendif

#1nclude <iostream.h>

char szBuff[] = "I.S.M. Inc.”;

Cstring sl; // Empty string

CString 32 ("cat"); // From a atring lizeral
CString s3 (szBuff): // From a char* - "I.5.M.
Cstring a4 ('§'}): // Frem a char 84 = "S"
CString 85 ('0', 3); // Repeat char a5 = "00000"

// From a string expreasion

CString s6 (32 + " " + ad); // = "car 00000"

// From a copy constructor,

this

Cstring city = "Redmond”: // is not the assignment operator

void main ()

{ // example for CString::Compare
cout << "CString object s2 is \"" << a2 << "\".\n";

if (a2.Compare("bat") == 1) // if cat > bat
{

cout << "Catring Compare showed cat > bat.\n";

92.3etAt (0, 'b'}; // replace 'c' with 'b’

if (s2.Compare ("bat"} == 0} // if 'cat' became

'bat’

cout << "CString SetAt and Compare worked.\n":

elase

cout << "CString Compare shows SetAt failed\n":

cout << "CString CompareNoCase showed \"bat\" is
if (s2.CompareNoCase ("BAT")} == 0) // bat wvs BAT

cout << "equal.\n";
elae
{

cout << "not equal.\n":

cout << %2 << " can easily be made intc ":

22 .MakeUpper (),
cout << 82 << " using MakeUpper(}.\n";

}

cout << city << " in reverse is ":
city.MakeReverse () ;

cout << city << ".\a";

city.MakeReverse(); // back to the original city

{continued)
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51
52
53
54
55
56
57
58
39
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
16
77
78
7%

/i
//

/7
v
/7
//
’/
//

/7 building a string

CLLY += ', '; // add a char
cilty += " WA"; // add a string
coUt << 82 << '\n' << ¢ity << ", " << 85 << endl;

// SetAt and GetAt allow direct access to the
// current character string

85.SetAt (0, '9'): // Set at position 0 char '9°’
85.SetAt (1, '8'}); // Set at positicn 1l char '8’
s5.SetAt (3, '7'); // Set at position 13 char '7°'
s5.SatAt (4, '3"); // Set at position 4 char '3’
cout << 32 << '\n' << city << ", " << 85 << endl;

Here's trouble! 8% was initialized to 5 Q's and the
null char 1s automatically managed by the constructor.
a5.S5etAt (5, 'a'):
cout << "s5.SetAt (5, 'a') sets the 6th element.\n”
<< "s5 is now 1n an unpredictable state.\n"
<< "Continuing further shows the problem.\n":
85.5etAt (6, 'h'):
85.SetAt {7, 'c'):
cout << "s5 might be '98073abc’' but it is '" << 35
<< "'" << endl;
Don't assume a class member or operator performs extra
processing (like nulls). If your CString objects will
grow, use the += operator. )
SetAt and GetAt may be the best soluticns for many cases.
The class documentaticn warns about the null character
condition.
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How You Get Data Out of a CString Object

Slide
Objective

The ful-
featured
interface to
Cstring includes
functions many
will recognize
from BASIC.

The extraction member functions behave much like those of the Basic language.
Mid{indexFirst, [nCount]) begins with the character in the sequence
indexFirat and continues either to the end or for nCount characters. The Le ft
and Right member functions behave similarly.

The GetBuf fer member function returns a character pointer to a buffer where the
string’s characters exist. Until the buffer is reset, the character pointer has full
access 10 all character locations.
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Lab 14: Using Commercially Available
Classes

Slide
Objective
Execute the Icb
solution.

Set the lab
objectives.

Ask students to
read the lab
scenario..

Have students
avoid the
optional section
if tirme is tight.
That section
uses SetAt()
and GetAt()
instead of
subscripted

arrays. inere s
no Q-0 or .EXE
benefit.
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Y Overview

Slide
Objective
Provide an
overview of the
module
contents.

................................................................................................................................................

= Strears cndBuftering ‘

s dnandWhd You Con Dowith it

s Alterndiives fodnla Flddinpt
» cout andWha You Qeon Do with i
s Warkdngwith Files

Delivery Tips
Present the
learming objects
to set the
direction for the
module. As g
variation, this
module covers
classes that are
included in C++
libraries
available wihh
all C++
compilers.

Module Summary

This module begins a number of topics that help you add functionality to your
programs. You'll start it off with this module on input and output.

C++ stream objects simplify [/O (and particularly file [/O) over the strictly C
syntax. And though no other modules rely directly on stream objects, /O is one of
the most important functions of computer programs.

Objectives
Upon completion of this module, you will be abie to:

s Creale formatted output at the character, word, line, and file levels.
® Open and close files.
» Get data from files and put data into files.

Lab
Formauing and File I/O
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Streams and Buffer g

Slide
Objective
Seta
foundation for
i/o streams from
a perspective
that Includes
efficient
processing for
PCs.

» Giobd Chied's Which Handel O
= dnReas fromKeyboerd with Exdradtion Operdier

cin >> ninteger;

s oot Writes to Saeen with insetion Cpardar

cout << nlnteger; // buffered
» oaT Writes loStendixdErrar ondlls Unit-Buffered

» clogWrites to Stanckrd E rror ondls Fully Bufferedt

What Are Streams?

You should think of a stream object as a smart file that acts as a source and a
destination for bytes. Although this module cannot cover all devices, these concepts
apply when reading from and writing to keyboard, screen, disks, printers,
COMMuNication porfts, memory, and more.

The four stream objects “know"” how to input/output int, char, char®, and so on.
They are objects of classes which overload >> and << such that the input/output of
int, char, char®, float. and others “happens cormrectly.”

Why Buffers Are Your Friends

Using buffers keeps a PC running at a reasonable pace because buffer access is at
RAM speed, not drive speed. The disk and diskette drives in personal computers are
block-mode devices. The mechanical operations of moving the read/write heads,
waiting for the rotarion of the media, and transferring data is hundreds of times
slower to a disk drive than to memory chips. Therefore, the disk controiler card,
device drivers, and operating system work together to buffer information. The
device driver will read a sector of information and load it to a buffer. Subsequent
requests for the next character are handled from the buffer.

Unit-buffering “packages” characters in a complete line before displaying them on
the screen. Fully buffered output packages multiple lines as needed untii the stream
is explicitly flushed.



Module 18; Formatting and Flle 1/0

cin and What You Can Do with It

Slide
Objeclive
Take the magic
out of the “¢in”
object students
have used all
week.

Cover “cin”
origin as an
object from
istreamwithassi
gn and
member
functions,
operators, and
manipulators
inherited from
base classes.

T

is,m.".", L l

=

l_ itatream "‘__

CHE poge ot ganfl

L

L_otream witvassign  fe—) P

Sra we L remtal

Key Points

An object of a
well-defined
class can be
used eaqsily
without
knowing how it

is implemented.

How cin Works

The cin object is a predefined object of class istream_withassign. The class
istream_withassign only allows stream objects (o be constructed, destructed, and
assigned to replace cin. As depicted in the hierarchy, however, the cin object )
inherits access to member functions and public data members from istream.

How Extraction Works

-The extraction operator (>>) matches data from the stream with vaniables you

supply and then returns a reference to the stream. That retumn allows one line of
code to extract multiple variables as follows.

cin >> nA >> nB »>» nC;

The value for integer nA is assigned the first numeric value eniered up to the
following whitespace (ab, space, newline, and so on). The value for nA is
determined and the reference to the stream is passed from the first >> operator 10
the second >>. From there, input proceeds to extract the value for nB, and so on.

Formatted text input, or extraction, depends upon whitespace to separate values—
but data errors or unexpected results can occur and need to be checked for. There
are a number of member functions available o help you out.

Error-Handling Member Functions

A failure bit is set when input errors occur. This is the program’s clue that cin could
not match the input stream to the data types. This bit should be reset for input to
continue.
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cout and What You Can Do with It

Slide
Objective
Explain the
ongins of the
“cout” object.
include details
and examples
of member
functions,
operctors, and
macniputators.

.................................................................................................................................................

[ ostream k

| ofstream j;

ostream_withassign k

AT S0 e PR R o e

How cout Works

The ostream_withassign class is a variant of ostream that allows object
assignment. This class has the predefined objects cout, cerr, and clog.

Here are some of the many things you can do with cout (and cerr and clog):

You can use the following manipulators. A manipulator is a “packaged” mutator
function that modifies the behavior of the stream. Some make permanent changes,
and some make temporary changes.

= endl inserts a newline character and then flushes the buffer.
s ends inserts a null terminator character.
= flush flushes the output buffer.

The following member functions are also available:

s put insens a single character into the output stream.

= write inserts a specified number of bytes from a buffer into a stream.
s tellp gets the position value for the stream.

» seekp changes the position value for the stream.

These character escape sequences are used to advance lines down the screen. (You
saw them in an earlier module.)

s '\n' insens a newline character.
s '\1' insers a linefeed down,
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The following character escape sequences are used to advance columns across the
screen:

Spaces or 1abs
s ' ' inserts a space character.

® '\t ' inserts a tabcharacter.

8 '\r' retumns to leftmost column on the same line.

The following can be used to format cutput with cout:
a Seuing width:
cout .width (10} // member function
out << setw(l0}: // manipulator
» Filling a field with a user-defined character:

cout..wideh (10} ;
cout,fill(**');
cout << nCnt:

e Flags for formatting
Justify Float Example

ios::left ios::fixed 1234
ios::right ios;:scientific 1.2e+002
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Working with Files: Overview

Slide
Objective
Initiate the
topic of File I/O.
Begin with the
siow, inefficient
block-mode
devices that
are the target
medqiaq.

Let students
know that we’ll
start at ground
Zero and are
going fo cover
filg ifo from the
from the C++
library functions

= DefiringFile Cjexts

= Cheddngfor Sucoess

» Using Taxd-NMode Streams
= UsingBincry-Vixie Strears
s MnggngFilePasitioning

up Toward user-
defined
functions.

Quickly cover
the simple
sample below.

O W o e W N e

—

The cin and cout objects are:

n  Predefined objects.

s Connected to streams.

» Tools for access to dozens of operators, manipuiators, and member functions.

To work with files, you will:

s Define and open objects.
s Connect (o data files.
s Have access through dozens of operators, rnanspulators, and mernber functions.

Demo
TFILE.CPP is found in \DEMOS\MOD!8.

// TFILE.CPP Found in \demos\modl8

// Create a file, test.dat, and writes the mag:
// "This i3 test data". File closed by d'tor.
tinclude <fstream.h>

void main()}

{
ofstream tfile("test.dat"};
tfile << "This is test data":
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Checking for Success

Slide
Objective
Ahwvays expect
errors dealing
with [/O,

Your code may
be fine, the disk
may be full, or
the user may
enter lefters
when you
expected an
integer.

1fstream iFile ("test.dat"):;

if(iFile.is_open{) == 0}
error :
if(!iFile) ;

error : '
do {

; // process file
} while{iFile.gocd(}); // while no errors :
iFile.clear(); // clear errors ¥

e
O W AW As W

= e
- R S N

Class i fstreamis specialized for disk file input and output. The constructor (and
open) automatically create and attach a file buffer object. The file buffer object
holds file-sharing information: either exclusive use, or read-sharing or write-
sharing.

The £st ream class implements a member function, is_open () , which returns
an integer if the file is not connected.

Both ofst ream and i fst ream inherit the NOT operator ! from class ios. This
overloaded operator returns a non-zero value if a stream IO error has occwred.
Operator ! may be used with all stream objects at open or during processing.

Demos
QUT.CPP is found in \DEMOS\MODI8.

// QUT.CPP found in \demos\medl8

// Creates a file, test.txt, and outputa two lines.
tinclude <iostream.h>

tinclude <fstream.h> // For file stream support

veid main ()
{ // Create disk file: taest.txt
// Note: the 2nd arg to the
// c'tor is: ios::iout | ios:i:app
ofstream outfile("test.txt"};
if {('outfile) // test for successful open
cerr << "Cannot open 'test.txt' for output.\a";
alse
outfile << "This is test data.\n"
<< "File will be closed at termipnation.\n";
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INOUT.CPP is found in \DEMOS\MOD18.

1 // INOUT.CpP found 1n \demos\modl$

2 // Read an input file, test.txt, getting a character

3 // at a time, appends the files content as all capital

q // letters at the end of the original file.

5 #1nclude <iostream.h>

3 #1nclude <fstream.h>

7 #include <ctype.h>

a

9 tdefine SIZE 100

10

11 int iCount = 0O;

12 char data(SIZE):

13 void main()

14 { // fstream i1nherits input & output

15 o // ::in input mode

16 // ::app append-additions

17 fatream iofile("test.txt”, ios::in | ios::app}:

18 if ('iofilae) // error handling

19 carr << "Trouble copening file 'test.txt'. "

20 *Please run 'out.exe' to create file.\n";
21 while ('iofile.eof()}} // while data exists, lcad data .~
22 iofile.get (data[iCount++}}); // get 1 char at a time
23 iefile.clear(): /f clear eof & other arror states
24 iCount--; // adjust for 'off by one'
25 for (int j = 0; j < iCount; j++)

26 { // "put" uppercase chars to file
27 data[j] = (char) toupper (dataijl);

28 iofile.put (data(3j]);

29 }

a0 }

TOFILE.CPP is found in \DEMOS\MODI18.

1 // TOFILE.CPP found in \demos\modl$

2 // Takes user input and write characters to file test.out.
3 #include <iostream.h>

94 #tinclude <fatream.h>

5 #include <stdlib.h> // for exit ()

6

7 void main ()

8 {

9 char ch:

10 ofstream outfile("tast,out™, ioa::out);

11 if {'outfile) // detect error opening file

12 { // give user suggestiona

13 cerr << “Trouble opening file 'test.out'.

14 "Check disk: file read only? full?\n";

15 exit(l);

16 }

17 cout << "Enter characters. Use Ctrl-Z to quit.\n";
18 while (cin.get (ch)) // while data er .z3

19 ocutfile.put{ch}; // put char to :i..e

n
(=]
—
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Using Text-Mode File Streams

Slide
Objective
The previous
examples used
varnoQus
keyboard and
file /O
techniques.
Surmmmarize
those details.

n: Chaerlers

. “Worcs”

s Adaada ¢ afire(@ bydad)

» Agapd dorades wtohenad whtespore
w Lines '

« Qo cFwads) uoto A o adhe asigdiad
el e

Character-by-character processing with char ch:

Member Function

Meaning

iFile »> ch:

iFile.get ()
iFile.get (ch&):;

Extraction operator matches the char data
type and returns characters.

The get function has multiple forms. Given
a char or char reference, it exracts one
character a1 a time. get() returmns
whitespace.

Word-by-word processing with char szBuff{SIZE]:

Member Function

Meaning

iFile >> szBuff;

Again, the extraction operator matches the
array of characters and extracts a group of
characters into szBufT.

Line-by-line processing with char szBuff{SIZE]:

Member Function

Meaning

iFlle.gec (szBuff, SIZE):
iFile.getline (szBuff, SIZE);
iFile.getline(szBuff, SIZE,

By default, the get and getline member
functions extract up to SIZE characters.
Both accept a third argument to override the
default delimiter character, \n',
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Demo
FTOFNBR.CPPisfr d i \DEMOS\MODI18.

// FTOFNBR.CP: found in \demos\modl®

// The applica-.on reads text files by char, word, and
// line. It duplicates the input file, creating a

// line-numbered file with the extension ".NBR".
#include <iosatream.h>

tinclude <fatream.h>

tinclude <icmanip.h>

#include <stdlib.h> // for exit ()

tdefine SIZE 256

void main ()

{

int nCntChars, nCntWords, nCntLines;
char data. [2E], ch;
// Create -=ream objects using constructors:
ifstream i file("test.txt", iocs::in);
ofatream ¢ .zfile{"test.out™, 109::out};
if {'infile || 'outfile)
{
cerr << "Error opening file{s)";
exit(l);
}
/iiﬁ!tti*t-tt !charl pass thru input file t*t!l’iﬁ!li‘/
for (nCntChars = 0; infile.get (ch); ++nCntChars);

cout << "Input file contained " << nCntChars
<< " characters, “;

// reset infile for 'word' pass
infile.clear(): // reset aof state
infile.seekg (0L, ios::beg); // seek to O-byte
JAkrarertna ek tyarg!’ pasas thru input file Hxarnkamanny
while (inf.l.e >> data)

++nCntWords;

cout "<< nC: zWords << " words, ";
// reset infile for 'line' pass
infile.clear!): // reset eof
infile.seakg (OL); // seek (default ios::beg)
/ukekierkarnt ‘yord' pass thru input file *#xxttetanx/
for (nCntLines = 1; infile.getline(data, SIZE):
++nCatLines)
{
outfile.width (3); // set width for line #
cutfile << nCntLines << *. "; // insert line ¥
ocutfile << data << endl:;// insert line to file
}
cout << nC =Lines << " lines.\n";
cout << ": .e-to-file number copy complete.\n\a";
infila.cl. ({}; // close files {(disconnect atream}
cutfile.c. 0: // or the d'tor will (good scyle!)

{continued)
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cout
cout

cout

cout

cout

<<
<<
<<
<<
<<
<<
<<
<<

T Brain Teaser LAY L
" get. (c}) reporrs " << nCntChars
chars.\n";
"getline.(*) reports " << nCntLines
" lines.\n";

"Byut, dir cmd shows: "
nCntChars + nCntLines << " siza.\n":
"txr 0. Why the difference? ***\n";
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Y. Overview

Slide
Cbjeclive
Provide an
overview oOf the
module
contents,

» Understanding Coce endDdaSepxaction
= Starcge Qess of Variddies |

» siicStoqeCcss

» UsingDynaricMemary |

» Dynamic Chjects and Arrays of Chjects

= DynaricMerory issues

Delivery Tips
Cover the
learning
objectives.

The second iab
exercise isa
game; it may
provide a
distraction.

Module Summary

One of the fundamental concepts of modem computer science is the separatton of
code from data within programs. PC programs place data and executable ¢ode in
different areas—in the simplest case, in different “segments.”

The data area is further divided into the heap, the stack, and the static data areas.
Variables in a C++ program live in one of these three subareas. The subarea affecis
some of the attributes of a variable; it defines the storage ciass for a variable.
Selecting the correct storage class can have a profound effect on a program’s
performance.

This module is only an overview of an extensive and implementation-dependent
subject. Appendix C contains additional information on memory issues.

Objectives
Upon completion of this module, you will be able to:

» Draw a distinction between code and data segments and how the data segment is
partitioned.

» Create variables of the different siorage classes (this includes managing
varizbles dynamically).

s Understand how the storage class of a variable affects it behavior and the
performance of your program.

Lab
Dynamic Memory
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Slide

Objective Migh
MS Compilers : Heap . RAM
refer the data Data | 4 Address
segment as the Segment ; Stack ] N
DGROUP. i E

Provide a high- L SDA :

levei — :
intfroduction to main()

the type- :

modifiers, data . Code [ funcAQ |

segment Segment

(DGROUP), and _tuncB0 ' Low
code . " extraction <« RAM
segments. et e Address

When a C++ program is loaded in RAM memory. it is divided into two main
portions, or segments: the data and the code segments.
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Key Points
Cover the load
image of an
.EXE from the
bottom up:
Code seq. is
user and library
functions.

Data seq. (MS
calls DGROUP)
contains 3-

magjor subagreqs:

Siatic Data
areq:

NULL seg.

Copyright
notice

marked read-
only,

_DATA seg.

initialzed
global

dota and
static

local area.

_CONST seg.

String literais.

BSS and

_C_COMMON

Uniniticlized

globais and
static

local (all set
to )
Stack. Auto
variables and
parameters are
on the stack at
run-tire.
Heap.
Unaliocated
memory pool
for dynamic
allocations.

The code segment contains all the executable machine code statements, which are

grouped into functions. These are just the translations of user-supplied or library
C++ statements.

The data segment contains all the variables and literals in the C++ program. It is
further divided into three subareas:

s The SDA (stauc dala area) contains all global (and static) variables and literal
values.

s The stack is the data work area for functions. Each currently active function

allocates a stack frame, where it stores its local vanables, arguments, and
adminisrative information.

s The heap is the area from which variables are dynamically allocated and
deailocated.

The size of the SDA is fixed at link time, and does not change.

At run-time, the stack grows downward in stack-frame chunks as functions are
invoked. It shrinks as functions renum.

The heap grows generally in an upward direction as memory is dynamically
allocated. It often fragments as memory is deallocated.
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Storage Classes

Slide

ATTRIBUTES o i

Objective ' g .

With the i Lifetima | Vieibility | p 1 data

previous ) (Scope) segment

diagram, this ‘R auto definionto | within current stack

summary chart fA end of block | block only ? | frama

depicts a table <E! "

of the type- definiionto | within current

modifigp atatic program end | blockonly 0 | SDA

keywords that f antre antire A

affecta A oxtsm program program 0 So

variable's ‘g -

location in . om new storage class

memory. 8 dynamic| np) delets of pointer ? | heap

Define dynamic i o ™

variables in the ' (DIV - Default Initisd Vaiua)

context of the _ :

hecp_ TR
C++ variables can have four different storage classes that determine their lifetime
and visibility within a program. We have used so-called “local,” ““global,” and
“static” variables up to this point. Their proper storage class names are auto
(automatic), extern (external), and static respectively. (Literal strings have a
storage class of extern.)

Deilvery Tips The static storage class is an intermediate between extern and auto. It enjoys the

static has three liferime and default initial value of an extern, but the limited visibility of an auto.

uses in C++: The heap allocates contiguous series of bytes thai can be used by the programmer as

sfichc 5;0".:’99 variables or arrays of variables. Later in this module, you wiil see how to

ciass, static dynamically allocate and deallocate from the heap subarea.

linkage, and

static member

functions.

void keyword is

used for more

than one

purpose.
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static Storage Class

Slide
Objective
Cover the use
of the static
type-modifier
for variable
declarations.
Introduce static
in the context
of the data
varigbles in the
DGroup.

Note: Course
has already
covered static
data members
and member
functions.

s Ddine | oadly with stdicKeyword
s Lifdimed cnEntireProgam

s Vislhlity Limifecito Black Funciian)
» Delait Initid Vdue of Zero

+ Gves Functions Mamoxry

Key Points
Using “static™ in
front of an quto
variable {in a
function) drives
the storage
from the stack
to the static
data area. The
variable ratqins
values from call
to call of the
function.

Using “static” in
front of a global
variable
(defined
outside Q
function),
affects the
global visibility.
Only functions
defined in the
current source
file have
access to that
varnable.

Static variables are defined a1 function scope, much like automatic variables. The
difference is that the keyword static is placed before the data type keyword:

atatic int nTemp = 5;

Static variables live for the entire program; automatic variables are reincarnated
each time their function is invoked.

The visibility of statics is limited to the current block, usually a function body. This
is also true of automadc variabies.

“Initialization for statics occurs once, at program load time; the default is zero.

Automatic variables are (re}initialized every time their function is invoked, with the
default being some unknown value.

Keep in mind that you can assure the default value of abstract vanables (regardiess
of their storage class) by supplying explicit constructors.

The main purpose for static variables is to give functions memory between
invocations while siill mainiaining local function encapsulauon.
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Demo
STATIC.CPP is found in \DEMOS\MODI19.

// STATIC.CPP found in \democs‘\modl9
// Demonstates auto and static storage class.
#1nclude <i1o0atream.h>

int
int
int

int

int

{

int

int

int

// function prototypes

funcA{int}; // un-initialized local
funcB(1int); // initialized loecal
funeClint): // static

nGlobal: // default initial 0
main ()}

// output global tc prove
cout << "nGlobal is " << nGlecbal << endl:
cout << "\nCalling funcA...\n":
cout << funcA{3) << endl;
cout << funcA(3) << endl;
cout << funcA(3) << endl;
cout << "\nCalling funcB...\n";
cout << funcB(3) << endl;
cout << funcB (3} << endl;
cout << funcB({3) << endl;
cout << "\nCalling funcC...\n":
cout << funcC(3) << endl;
cout << funcC(3) << andl;
cout << funcC(3) << endl;
return 0;

funcA (int a)

int nTemp; // nTemp not initialized!
nTemp += n;

return nTemp;

funcB{int a)

int nTemp = 1;

nTemp += n;

return nTemp;

funcC{int n}

statie int nStat; // default inital 0

nStat += n;
return nStat;
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Using Dynamic Memory

Slide
Objective
Cefine dynamic
memaory and
cover its
purpose and
benefits.

.................................................................................................................................................

= Why Use Dyncrric Mamory?
» newcnddilde Cperciors
s Allocdling cnd Dedloading Sinrple T ypes
s Allocding ond Dedloading Arays of Simple Typss

Dellvery Tips
NULL is defined
in stdlib.h as
well as several
other header
files to be 0in
C++inCittis
defined to be
{(void")0).

Key Point
Note the use of
() with arrays.

Dynamic memory is useful if a program has no prior knowledge of how much
information it must handle, has transient memory needs. or needs (o creale variably
sized objects. Data structure libraries invariably use dynamic memory.

The C++ language allocates heap memory with the new operator and deailocates
memory with the delete operator. For example, to allocate an integer-sized variable
on the heap:

int *pn = new int;

The new operator allocates (wo bytes on the heap and returns a pointer o the
beginning of that block. Note that the variable created does not have a name. [t can
on]y be accessed through the associated pointer.

If new fails to allocate this vaniable for some reason, it will return a pointer with a
value of zero, called the NULL pointer. When you use new, you should always test
the rerum value against NULL.

The initial value of a dynamic variable will be garbage.

The delete operator (akes a pointer to the beginning of 2 block of memory, as in
delete pn;

The heap memory that was used by this variable is now freed.

Allocation and deallocation of simple arrays is a straightforward extension:
int *pan = new int[100];

delete (] pan:
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Demo
DYNAMIC1.CPP is found in \DEMOS\MOD/19,

// DYNAMIC1.CPP found in \demos\modl9

// Dynamic allocation and deallocatizn of standard types.

$include <iostream.h>
finclude <stdlib.h>
finclude <memory.h>

void CheckNull (void*):

int main()

{
unsigned int iRange;
// allocate apace for an unsigned leng
unsigned long *pn = new unsignec long:
CheckNull {pn) // error cricking
couz << "Enter a positive integ- - value: *;

cixz v *pn; // accept .put intec alloc space

ccu < "The square of the numbe:- is
< *pn * *pn << endl;
deic.2 pn; // release the space

cout << "How many powers of 2 do you want to sea?\n":

cout << "Enter number between 1 and 40 please: “;
cin >> iRange:

iRange %= 41:; // trim user input > 40

// allocate an array of iRange unaigned longs

pn = new unsigned long[iRanga};

CheckNull (pn}; // error checking

pa[0] = 1: // a number to lat power=itself

cout << endl:;

cout.width({l2)

cout << pn[0); // output first element

for (unsigned int k=lu; k < iRange; k++)

{
- pn[k] = pn[k=-1u] * 2ul; // calculate next

cout .width(12);

cout << pnlk}; // Show results 5-

if ((k+lu) % S5y == Q) // wide across the crt

cout << endl;

)

delete [] pn; // release the array allocation space

return 0;

}

veid CheckNull (void* pv) // Check for new failures
{
if (pv == NULL} // WULL ptr indicates error
{
carr << "\nERROR: Heap Allocation Failure!'";
exit (l);
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Demo

Note Close all files and projects. Use DYNAMIC2.MAK (found in
\DEMOSWMODI9) to access the following files: DYNARRAY H,
DYNARRAY.CPP, and DYNAMIC2. CPP.

DYNARRAY.H is found in \DEMOS\MOD19.

// DYNARRAY.H found in \demos\modld

// Demonstates dynamic allocation and deallocation
// of standard types within a class.

tinclude <iostream.h>

#include <satdlib.h>

#include <memary.h>

tinclude <limits.h>

/Qii!*ittﬁ-‘tt'li*iiitiiﬁ*-lﬂ*l*t.l!til’!l‘*l*ﬁ*'l"l‘!tt**.l‘

Class DynArray - Ilnefficient but simple implementaticn
of dynamic arrays. Only allows adding new element to
end. Allocation checking performed in c'tor and in
AddElement and simple range checking done 1in
GetElementAt and SetElemantAt

itt!itl*ttk!!t!.tttl!t*t!t!tttltlitt**itlliiiti!li‘tﬁt!!/
// Uses a manifest data type

tdefine TYPE int // value for genericity.

tdefine SIZE 10 // unit of growth

class DynArray
{
public:
DynArray(unsigned int size = CHUNKSIZE}:
~DynArray():
unsigned int GetSize(veid)
{ return m_nSize+l:; } // change from 0 to l-based
void AddElement (TYPE):
void SetElementAt (unsigned int index, TYPE val):
TYPE GetElementAt (unsigned int}:
void Display(unsigned int):
private:
void CheckNull (void};
unsigned int m_nSize; // 64K max elements
unsigned int m_nLast; // last used element
TYPE *m_pBeg:
}:

{continued)
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Jexwxx** Claag DynArray Inline Member Functiona **t*atixa/
inline DynArray::~DynArray()
{
delete {| m_pBeg:
} )
/* Simple allccation checking implemented here. */
inline void DynArray::CheckNull{void)
{
1f (m_pBeg == NULL)
{
cerr << "\nErrecr: "
"Memory Allccation Failure Within DynArray"
<< endl;
exit {1}
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DYNARRAY.CPP is found in \DEMOSWMOD19.

// DYNARRAY.CPP found in \demos\modl9

// Demonstates dynamic allocation and deallocation
// of standard types within a class.

#include "dynarray.h"

#include <memory.h>

fexxksrarunx Class DynArray Member Functiong ¥y *rxwxvrusax/
//DynArrays are zero based just like C#+ arrrays.
DynArray::DynArray{(unaigned int size)
m_nSize(size-1), m_nLast (0)
{
m_pBeg = new TYPE{size];
CheckNull ()
// Zero new area out for safety
memset (m_pBeg, 0, size * sizeof (TYPE)):

)

void DynArray::AddElement (TYPE val)
{
if (m_nlast < m_nSize} // If any unused slots are left
*(m_pBeg + m nLast + 1) = val; // use them first
else // else make more.
{ // This is the horribly inefficient part.
TYPE *ptemp = m_pBeg;
m _nSize += CHUNKSIZE;
m_pBeg = new TYPE[m_nSize];
CheckNull {);
memcpy (m_pBeg, ptemp, (m_nSize-1)*sizeof(TYPE)):
delete (] ptemp:
m_pBeg(m_nLast + 1} = val;
}
m_nLast++;
}
// Allow user tc access any allocated element.
TYPE DynArray::GetElementAt (unsigned int index)
{
if {(index < 0 || index >= m_nSize}
{
cerr << "\nOut of Bounds Error in GetElementAt™
<< endl;
exit (1}
}
return m_pBeglindex];
}
// Allow user to set any allocated element.
void DynArray::SetElementAt {(unsigned int index, TYPE val)
{
if (index < 0 || index >= m nSize}
{
carr << "\nQut of Bounds Error in SetElementAt"
<< aendl;
exit (2);
}
m_pBeq[index] = val;

}

fcontinued)
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57 void DynArrz :Display(unsigned int - _ax}

58 {

59 for (uns med int 1 = 0; i <= index; i++)
60 cout << m_pBeg[i] << " ';

61 }
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DYNAMIC2.CPP is found in \DEMOSWMOD19.

//
/7
/7
/7
#include <iostream.h>
#include "dynarray.h"

DYNAMIC2.CPP found in \demos\modl9

Project files DYNARRAY.CPP and DYNARRAY.H demonstrate
allocation and deallecation of standard types within
the dynamic array class.

int main()

{

/i

char c:
// Create two DynArray objects
DynArray dl, d2(1000); // dl is empty, d2 is 1000
dl .AddElement {3} ; // Add 5-elements to dl
cout << "The size of dl is " << dl.GetSize(} << endl;
cout << "The element d2(500] initially is "
<< d2.GetElemantAt (500) << endl;
; // Set number 666 at alement 500
d2.SetElementAt (500, 666} ;
cout << "After SetElement, element d2[500) ia "
<< d2.GetElementAt {500) << endl;
// trip range checking
dl.GetElementAt (20);
// trip allocation checking
cout << "\nEnter any key to eat up the heap.":
¢in >> &
while(l)
{
dl .AddElement (rand(}}:;
}
cout << "\nEnd of main" << andl:;
return 0;
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Slide
Objective
The syntax for
dynarmically
allocating
standard data
types was easy
eitherin g
function orina
class. The
syntax for
allocating user-
defined data
types is
consistent and
therefors very
eqsy.

» new invokes the Apgropriche Consirucior
= Only delete Invokes the Destructar

= Dynaricdly Allcocted Arrays of Chjecs Mist Usethe
Defadt Coratrudter

The new and delete operators can be used in similar ways to dynamically ailocate
and deallocate objects:

Rectangle *prl = new Rectangle:
delete pr;
Since the compiler is not given any initialization information, the default

constructor will be used to build the object referenced by pr. If you want to
initialize this object using a different constructor, argurments can be supplied:

Rectangle *pr2 = new Rectangle({2,7,10,-10);

Arrays of objects can also be dynamically created, much like you did with standard
types:

Rectangle *pr3 = new Rectangle([x];

Note The defauit constructor must be used when “newing” an array of objects: no
other syntax is permissible. However, to circumvent this limitation, you can declare
an array of pointers, then new each element separately:

Rectangle *aprf[l0Q];

apr[0] = new Rectangle(3,3,5,%);
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Demo

Note Close all files and projects. Open DYNOBJ.MAK found in
\DEMOS\MOD19. You'll use this project to access Lhe file DYNOBJ.CPP.

The Project also uses RECT.H and RECT.CPP. These files are un-modified from
earlier demos. No lines were added or modified in either file except to denote their
new locations in \demos\mod|19. Neither the constructor or destructor nor member
functions have been modified to use dynamic memory.

Open the file DYNOBI.CPP found in \DEMOS\MOD!19.

// DYNCBJ.CPP found in \demos\modl9
// Dynamically allocates and deallocates objects.
#include <iostream.h> .
#i1include "rect.h"
finclude <atdlib.h>

// function prototype
void CheckNull (void*):

volid main ()}
{ // Create a default rectangle

// dynmically in the heap

Rectangle *pr = new Rectangle;

pr->Draw():

delate pr; // Release the memery

cout << endl;
// Re-use the pointer, pr, to
// creata another Rectangle

pr = new Rectangle(4,14,100,-100);

pr->Draw():

deleta pr; // Release the memory

cout << endl;

unsigned int nNbrRects; // prompt the user for a number

cout << "How many Rectangles would you *

"like 1n the array? “:

cin >> nNbrRects;
// Usaing pr again, allecate an
// array of Rectangles with the

pr = new Rectangle[nNbrRects]:; // user's aize

CheckNull (px); // error checking
for (unsigned int i = 0; i < nNbrRects; i++, prtt)
pr->Draw(); // display each rectangle
delete [] pr: // Release the array memory...
// @: Why the [] notation?

cout << andl;
pr = new Rectangle; // Q: When is this one destroyed?
cout << "\nEnding main()" << endi;

}

{continued)
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k| void CheckNull (void* pv)

39 {

40 if (pv == NULL)

a1 {

42 " cerr << "\nERROR: Heap Allccation Failure!"
43 << endl;

44 exit (l);

45 }

46 }
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Dynamic Memory Issues

Slide
Objective
Explain cares
and concermns
when dealing
with dynamic
memaory:

ITIS PREFERRED
TO HAVE
CLASSES
MANAGE
ALLOCATIONS.
The last
example
showed it's not
a requirement.
The goal is tO
make
programmers

aware of he
issues, not to
scare them
away from
dynamic
memaory.

Delivery Tips
ARlhough C++
does not
provide
garbage
collection, it is
fairy easy to
implament such
aschems
insicde your
class.

The heap is managed by a small function that is added to your program by the
linker. Implementations of this manager tend to be very simple and efficient.
Typically, for every heap block that exists a table entry is made. That entry contains
the startung address and size of the biock. When a block is deleted, the table is
searched for the pointer address. If a maich is found, the block of bytes is freed.

The heap generally grows upward in memory, but in a program that allocates and
deallocates many different-sized objects, it is very common for small unused areas
in the heap 10 appear after some time. This is called memory fragmentation, and it
can result in new returning NULL when enough total memory exists to sausfy an
operation. This memory is not, however, contiguous.

The heap is fragile in other ways. For example, it is relatively easy (o ruin the
operation of the heap manager by doing any of the following:

s Deleting the same non-NULL pointer more than once without newing in
between

» Deleting an invalid pointer
e Overwriting the heap manager’s data structures

Note that it is safe to delete a NULL pointer; this operation does nothing. After the
heap has been corrupted, dynamic memory operations are not guaranteed o work
correctly.

Another serious problem can occur in a program if memory is allocated but not
deallocated. This is called memory leakage. If a program runs for a sufficient time,
this condition will cause a program to run out of heap space. Even though the
operating system will release a program’s normal resources when it ends, always
use proper etiquette and deiete outstanding variables.
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Slide
Objective
Execute the lab
solution for
Exercise 1.
Explain that the
string is new In
one member
function.
displayed in
angther, and
deleted in the
d'tor,

Set the lab
objectives.

Ask students to
read the lab
scenario.
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2. Overview

Slide
Cbjective
Provide an
overview of the
module
contents.

= Stanckrd Type Qorversians
s Corversion Construciars

n Copy Corstructars

s Qorversion Cperdiars

. qusicn Orcler ond Artiuity

Delivery Tips
Execute the lab
solution to show
new
conversions
with the date
class.

Module Summary

You leamed about standard C/C++ data types in the basics module. and a little
about how the compiler handles expressions with mixed data types. In the modules
on classes, you also saw how to create user-defined data rype instances by invoking
special member functions called constructors. In this module, you will learn about
the possible categories of type conversions one can encounter in C++, namely

standard => standard
standard => abstract
abstract => abstract

abstract => standard

and how we, as class users, can dstermine when and what conversions will occur.

Objectives

Upon completion of this module, you will be able to:

Explain promotion and truncation.
Use type casting.

Use conversion CONSUctors.

Use copy constructors.

Use conversion operators.

Lab

Building Sweams in the Heap
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Standard Type Conversions

warning. Using
a cast controls
and documents
the activity (but
the warning will
emain.)

Slide
g)et:\:ligglve = Pramotionto Widsr DdaTypePrefared
promotions and = Truncetion Coours When Neosssay
truncations,
adding more = Expiidt Costing
detail about
rvalue and = Implidt Terporay Virickies Used
value :
opergtions.
Explain casting int x;
and temporary x = 120.34F + 'c' * {(long)445;
variables, // int = (float + (char * leng)):
/f int = (float + long):
// int = float;
Deiivery Tips | Promotion
Use the code You saw in a very early module that when the compiler encounters an expression
exgmple to \ . cry carty P pressior
explain with mixed data types. it may be fglced to promote the narrower data types to wider
promotion and | ones- For example, in the arithmetic expression on the right side of lhe assignment
truncation. above, the first subexpression, a multiplication, demands the promotion of the char
to be a long, resulting in a long product. Next, the addition demands promotion of
this long product o a fleat. The result of the right-hand side of the arithmetic
expression is of data type float.
Truncation
Assigning a During assignment, and passing and retuming function argurents, the compiler may
‘truncated’ not have the option of promoting; the target data type may be determined. These
constant cases can result in truncation or narrowing of data types. In the foil example, the
e);gession right-hand side float value must be truncated to an int value.
always
genergtes @ The cast operator can be used to explicitly controt this process, It results in an

rvalue.

Implicit Temporaries

C++ is a statically typed language. One result of this is that variables do not change
data types in a program. When variables or values are promoted or runcated, the
compiler often must generate an unnamed variable of the appropriate type for
lemporary storage.
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Conversion Constructors

Slide
Objective
Introduce
singfe-arg ¢ tors
Qs adding
promoticn
features to the
class.

= Any Corstructar Thet Tokes aSingle
Inpiiditly Tells the Carydler Howto Promote That
Argarert’s DaaType toon (oject of the Qusrent Cless.

class Square {
public:

Square(int x): m_Side{x) {}

private:
int m_Side;

A conversion construclor is any constructor that takes a single argument. In the

B::l;’:rz :_19’ example above, the constructor for Square takes a single-integer argument. A
cast ) conversion constructor can be implicitly used by the compiler whenever it needs to
tem;')orc: v do the implied promotion. Exarune the following statements:
object, . -Square s1(10}, s2(100};
and conversion, sl = a2; //ok - assignment
Avold terms: sl = 100; //ok - implicit conversion via c'tor
COP\LC *?:fond You might suspect that the third would give you an error message since structures
gﬁ;grmrgre and class instances can normally only be assigned 10 like objects. However, with
- the constructor, we have given the compiler the implicit ability to convert an int to 2
Square temporary object. The assignment then occurs, and finally the tlemporary
Square object is destroyed.
is conversion can also be forced by invoking the constructor in two explicit ways:
Key Points This by & P ¥
Each example sl = (Square)l100;
cregtesaQ sl = Square(100);
temporary
object.
Ist example
iooks like a cast.
2nd example

look like a c'tor.
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Copy Constructors

Slide
Objective
Extend the
conversion
topic to include
those 1-
argument c'tors
that take an
instance of their
own type,
hence, Copy
c'tor.

NOTE: “const” is
not required.
but referance is
typical.

.................

................................

« ACorwarsion Corsfruciar The Tokes aninstonoe of s

OmnTypels CrfledaCopy Qrstrudar.
class Square | E
public: :

Square({const Squares s);

private:
int m_Side;

Key Points

For classes with
pointers,
shallow copy
simply makes
another pointer.
Assuming the
pointer
addresses
dynamic
memory,
trouble begins
when the first
object is
d'tored. the
memaory is likely
to be deleted.
The sholow-
copied object
remains with
pointer to
trouble!

A copy constructor tells how to create a new object out of a previously existing
object:
Square sl(100);

Square s2{al); // invoke copy c'tor

The compiler supplies a default copy constructor only if a user-defined one is not
provided. The default copy constructor ssmply does a memberwise copy of values,
just as occurs in structute variables.

Even if you do not explicitly use a copy canstructor in a program, the compiler may
implicitly use it in the following instances:

s (o pass an object by value

s 10 return an object by value

s for temporary object creation

For many classes, explicit copy constructors are not needed. However, if a class
does dynamic memory allocation within its ¢’tor. and deallocation within the dtor,
as a general rule, it will need an explicit copy ¢'tor (as well as an overloaded
assignment operator).

A user-supplied copy c’tor always takes a single argument (it meets the criteria for
a conversion ¢’tor) that is a constant reference to an object of the same type of the
class. Since a copy c’tor is invoked implicitly by the compiler when it needs to
perform cali-by-value, the copy constructor must not use call-by-value, or else an
infinite recursion would result.



T TR
Objective = How Do You Corvert Fram on Ghjedt of The Qurrent
Introduce the Cess to Ancther DdtaT ype Vdue? o
use of the '
“operator” » Corversion Cperatar Con Bethaught of cs Overlocxdng §
keyword to the Gzst Qperdior. 3
create a kb
member class Square { :
function that pUbt::e:ra:or int{) //Squa > int }
: re => in 3
gg?:rooflsc:r(‘:?css operater Carcle{); //Square => Circle :
to a standard private:
type or ancther int m_side; k
class type. -
Sometimes you want to allow the user to convert an object of the current class to an
object of some other class or to a standard type. Constructors only take us the
opposite direction— from sorme other data type to the current class type. C++
allows a special group of member functions, conversion operators, to be defined 10
do just this.
For example, in the code above the conversion operators tell the compiler how (o
convert a Square to an int and a Circle object, respectively. These operators can be
invoked implicitly:
. X =55 + 31 + 82;
or explicitly
Cirecle cl{sal), c2({Circle)sl);
Delivery Tips Caution Extreme care must be taken when you provide conversion Constructors
General use of | and opertors. .
operator Although supplied here as a syntactic example, it is doubtful that the
g;ﬁgﬁg‘:pg s Square => int conversion operator in the foil makes good design sense.

scope of this
course!
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Demo
CONVERT.CPP is found in \DEMOS\MODZ20.

/ CONVERT.CPP in \Demos\mod20
// Using conversion c'tors and operators.
¥1nclude <iostream.h>

/tttttt-ttwttttt Clasa Declarations itlitiitltlltttltttt*/
// Circular forward refereance needs declaration (pun

// intended}. Circle must be predefined for Square.
class Circle;

class Sguare

{

public:
Square (int x=0); // canversion c'toer
Square (const Squares&): // copy c'tor
Square (const Circles&); // converaion c'tor
operator Circle () const; //conversion operator
void Display() const;

private: // implementation

int m_Side; // Square's have a side dimension
1.

claass Circle
{
public:
Circle(int d) //conversien c'tor
m Dia(d)
{ cout << "Circle Conversion c¢'tor {(int}\a"; }
int GetDia(void)} const [ return m_Dia; }
void Display{void) conat;
rivate: // implementation
int m_Dia; // Circle's have a diameter dimension

}:

fans r*¥as Megmber Functions Definitions *etsasexnvwnnne/
Squ. Square (int x)
._Side(x)
{
cout << "Square Conversion c’'tor (int)\n";

}

Square: :Square{const Square& 9)

: m Side(s.m_Side)
{

cout << "Square Copy c'tor (Squares§)\n";
}

Square::Square (const Circleé c)
{
m Side = c.GetDia();
cout << "Square Conversion c'tor {(Circle&)\n";

1

(continued)
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M

53
54
S5
56
57
58
59
60
61
62
63
64
65
66
67
68
&9
70
T
72
73
14
75
786
77
78
79
a0
a1
82
B3
84
85
a6
87
88
89
90
91
92
93

Square::operator Circle ()} const

{

cout << "Square => Circle operator\n":
return Circle(m_Side}; //Invokes Circle(int)

veid Square::Display(void) conat

{

cout << "Display sgquare of side " <« m_Side << endl:

void Circle::Display(void) const

{

}

cout << "Display circle of diameter " << m Dia << endl:

/t!n!tttittitlttttlt Teat Function nt*!kntaﬁ!tiiti!it!llt/
int main()

{

/

cout << "Conatruct two circle cbjects:\n";
Circle ¢l (33},

c2 (66});
Circle cnot; // error: no default c'tor
cout << "Construct two square cbjects:\n";
Square al,

82 (25);
cout << "Consatruct 83 from 92 (25):\n";
Square 33 (a2); // copy c'tor

s3.Display(}:
cout << "Construct 34 from cl (33):\n";
Square 84 (cl): // conv c'tor

s4.Display():

cout << "Conatruct c3 from sl (default):\n":
Circle c3 (al}: // how doaes this work?
c3.Display();

cout << "Assign a circle to a sguare, sl = c2\n";
sl = c2; // conv c¢'tor for temp object

coyt << "Assign a square to a circle, cl = s2\n";

cl = a82; // how does this work?
raturn O;



42

Module 20: Conversions

Conversuon Orcer and Ambiguity

Slide
Objective
Summarize all
students know
about

» Qo arsian Schame During Argument Metching Retumn
VdueCoadon:

= Exad moch o iiMd aonveasion

nearly exact

2) Promotion
{presented Day
[}

J) Other
standarg
conversions
(truncation,
specific pointer
to non-specific
pointer, and
from derived-
type to base-
type.)

4) Through user-
defined
conversions,

infroduce
“ambiguities”;
multiple ways to
perform the
50me
conversion, as
an error at
compile time.

CONversions,
then introduce s Magthtraghstodadgordion(@g. it = flodf)
ambiguities. = Org stoydaomesias
» Use-cHfinedaovasions: omaskncn‘smdus ad
aados
s Arbquities Con Result if User Sln:ﬂa Rm

C.'mka'saan
Koy Points Where the compiler detects type mismnatches, especially in function calls. it attempts
D:tvcil m'; 4 to coerce or cast data types to achieve a match. The preferred order is shown above.
areas where Exact maiches need no conversions. Trivial conversions are non-const Lo const,
ggg:ﬁrsmns reference to obiect, and an array to pointer of the same type.
1) Exact or

Standard prom«tons were covered in an early module; they involve “widening” a
data Lype.

Qther standard :onversions cover three areas:

= Standard tr- cation (for example, float => int)
w Specific po -er type => void*
w Conversion > the public hierarchy (from a derived type to a base type)

Note that the implicit conversions from specific* => void®, and non-const => const
are one-way; the reverse conversions can only be accomplished with an explicil cast
operation.

Conversion operators and conversion constructors were featured in the preceding
demo.

Ambiguities can occur when a user supplies both conversion constructors and
conversion operators for a class. Unfortunately, normally the compiler will only
caich these errots when the ambiguous conversion is attempted, not when the
offending design 13 implemented.
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Demo
AMBIG.CPP is found in \DEMOS\MOD?20.

W o - n B e N

F Y A E had DWW WWWLDWERRNNRNRDNNRR S e e e e e e
m-I:U\hWMHomﬂ--la\U'IﬂwNHOHJW-JU\M&LHNHO‘DW-JU\M&L-INHO

// AMBIG.CPP in \demos\mod20
// Demcnstrates errors from ambiguous ceonversions.

A The member functions: *
" Square::operator Circlel(); *
. Circle::Circle(Square&}; *
' do the same thing, and are thus ambiguous. x/

#include <i1o0stream.h>

/ttt!t-tttl-tttitt Claas Declarations --lt-t-li-t.tt!ltit/
class Circle; // Predefine class Circle for use in Square

class Square

{

public:
// Squaret}; // Ambiguous COverloading

Square{int x=0); // int => Square
Square {Squares}; // copy c'tor
Square{Circle&}; // Circle => Square
operater Circlel(): // Square => Circle
int GetSide(void) { return m_Side; }

private: // implementation

int m_Side; // Squares have a side dimension
i

class Circle

{

public:
Circle(int d}
m_Dia(d) // int => Circle
{ cout << "Circle Conversion c'tor (int)\n"; }
Circle(Squara&): // Square => Circle

int GetDia(void} { return m_Dia; }

.private: // implementatiocn

int m_Dia; // Circles have a diameter dimension

ks

/axansxsunavs Mambher Functions Definitions #*assssaxssasani/
Square: :Square (int x)
m_Side (x)
{
cout << "Squara Ccaversion c¢'toer (iat)\n";

}

Square: :Square (Squares s)
m_Side(a.m Sida}
{
cout << "Square Copy c'tor (Squares)\n”;
]
{continued)
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49 Square: :Square(Circle& ¢}

50 {

51 m_Side = c¢.GetDia();

52 cout << “"Square Conversion c'tor {Circles)\n”;
53 ] -

54

$5 Square: :operator Circle()

56 {

57 cout << "Square => Circle operater\n":

58 return Circle{m Side}; //Invokes Circle(int)
59 }

60

61 Circle::Circle(Squares s)

62 {

63 m Dia = a.GetSide();

64 cout << "Circle Conversion c'tor (Square&}\n";
65 } .

66

67 /itllttittlﬁ!*!llllﬁ Test Proqram i!tli!l!t#ttt.tt!tl'ltt/
68 void Funcl (Square s}; // funetion prototypes
69 void Func2(Circle c}:

70

71 int main{)

12 {

73 cout << "Construc: a circle object, cl.\n";

74 Circle ¢l (33)

75 cout << "Const a sguare object, sl.\n";

76 Square sl (67)

77 cout << endl

78 << "Func’ 3 a Square argument.\n”

79 << "Call snel ()} with a square.\n";

80 Funcl{sl); // Square => Square (by value}
:§1 . cout << "Cal. ‘uncl (} with a circle.\n";

82 Funcl{cl); // Circle => Sguare

83 cout << an<

34 << "Fuo- :x@3 a Cireclea argument.\n":

85 // UNCOMMENT Tk LINES

as // cout << "Cail._ .: Func2{() with a asquare.\n";

a7 // Func(sl); // Square => Circle

88 cout << "Calling Func2() with a circle.\n":

99 Func2(cl): // Circle => Circle (by value)
90 return 0;

91 }

92

93 void Funcl (Square s}

94 {

95 cout << "Func. :alling GetSide()\n":

96 s.GatSide () ;

97 }

98

99 void Func2(Circle

100 {

101 cout << "FuncZ ..-ing GetDia()\n";

102 c.GetDia();

103 }



Modute 20: Conversions s

Lab 17: Building Streams in the Heap

Slide
Objective
Execute the lab
solution.

Set the lab
objectives.

Ask students to
reqd the lab
scenario.
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Lab 1: Identifying the Components of
a Class

Objectives
At the end of this lab, you will be able to:

s Identify the entities and activities of a simple object.

w [dentify the state and behavior of a class.

s Determine “is a kind of 2" and “is part of a” characteristics of a class.
» Identify “behaviors™ and “communication™ characteristics of a class.

Scenario

Today is your first day as a Lead Analyst for a small manufacturing corporation
called ISM, Inc., which stands for Industrial Smoke and Mirrors. Although the
company is small, the domestic and international market demand shows a large
sales potenual for the products.

Mid-moming news around the coffee area included second-hand reports from an
early-morming management meeling. Rumor has it that the CEQ clobbered the
Purchasing Manager complaining, “Too many unusable parts are stocked in
inventory and there are frequent delays getting the right parts (0 manufacluring.”
The Finance Manager was the ncxt target: “A lack of purchasing controls has
delayed product assembly, and rush orders have increased our cost of goods sold.”

Back at your desk, electronic mail has arrived from your boss, the Manager of
Information Sysiems, conceming a meeting with you. After a five-minute mecling
with the boss, you're back at your desk, staring at your meeting notes. Although the
request sounds simple, you realize that the problem described in your notes may
take months Lo solve,

Your mild-mannered manager has given you unti! tomorrow moming to answer the
following question: “What do we need in an inventory system?”

Estimated time to complete this lab: 30 minutes

[\



2 Lab 1: Identitying the Components of a Class

Exercise 1

Identifying the Entities and Activities in a Simple
Inventory Object

Step 1

Run the completed version of the class application. It is located in the dircctory
\STUDENTN\LABOI.

Step 2

Compose a list of items that would be needed in an inventory-control system,
Expect that this system will need o interface purchasing (adding new inventory)
and both sales and manufacturing (removing existing inventory).

Take a few minutes to compose the list. Soon, we'll review and share idcas with
other developers in the group.

Note For ail of the code-bascd labs, answers will be located in a subdirectory on
your student disk. For these two excrcises, the answers will found at the end of this
lab.

Exercise 2 |
Identifying Objects and Their Behaviors

Scenario

The overall list of items that are necded in an inventory-control system has been
approved. The Manager of Information Systems wanis (o know what the nexl stcp
is, and wants an estimate for compietion of a new system.

You're back at your desk, staring at your meeling notcs. You rcalize the request
requires further research.

Note As with the first exercise, there is no clear wrong or right answer. The
purpose of this lab is to get you 10 start thinking aboul objects and their traits rather
than about coding. That will come soon enough!

Step 1

Given the list of items needed in a simple inventory system, you arc Lo develop a sct
of classes that implement it. The system must keep track of the following:

1. Pant number, name, quantity, and cost

2. Inventory adjustments (additions fed from purchase orders, and subtractions as
in-. _ntory is sold or used in manufacturing)

3. Adjustments in price (including purchases at various priccs and various
currencies) '
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4. Bill of materials (built around part numbers (o show the explosion of finished
goods back 1o their component parts)

Usc this data to identify the items that might become objects in the new system.,
Keep rack of messages or requests that these objects would respond to during
interactions with other objecls.

Step 2

Use the autached sheets to help shape your ideas. Four classes are identified on the
following working cards. Each of the four cards is incomplete. Review the
informaticr: provided and add other details concerning the information cach class
will need 1o ve functional.

If you have identified other items that may become classes, you may add those on
the subsequent blank cards.

Step 3

The “behavior” and “communication” seclions are missing numerous cntrics that
will make the inventory system functional. Add entrics (o those sections.

As an approach, imagine the conversations that would take place between objects,
Try working through various scenarios, such as inventory from a purchase order
being received at a loading dock. Whal information comes in? Whal behaviors
should occur? Don't become burdened with details; view the system abstractly from
a mile away.

And, finally, remember that we don’t have time 10 truly design the system this week
(or this month)! In design, you won't need any algorithms or accounting rules, just a
good imagination, Besides, if you reach a dead end trying to resoive how the
Inventory system should interact with another software system, you can always
make it the other system’s problem! We're trying 10 build a mind-sel that will get
you to look at problem from a different perspective.

—

Class Name: Inventory Abstrac{Concrete >

Parent:
Children:

Behavior: Communication:
Purchase () Quantity In Stock { )
Seli ()
TriggerEQQOrder ()
Load ()

Store ()

Embedded Objects:
Date, Money, and PartiD
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Class Name: Money

Abstract/ Concrete

Parent:
Children:

Dollars, Pounds, Deutsche Marks

Behavior:
Display
Display Money Nurnerically
Display Money in Text

Communication:

Embedded Objects:

Class Name: Date

Abstract / Concrete

Parent:
Children:

Behavior;
Display ()

Communicaton:

Embedded Objects:
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Class Name: PartlD

Abstract/ Concrete

Parent:
Children:

Behavior:
AdjustPrice ()

Communication:
GetPrice ()

Embedded Qbjects:

Class Name:

Abstract / Concrete

Parent:
Children:

Behavior:

Communication:

Embedded Objects:
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Class Name:

Abstract/ Concrete

Parent:
Children:

Behavior:

Communication:

Embedded Chbjects:

Class Nama:

Abstract / Concrete

Parent:
Children:;

Behavior:

Communication:

Embedded Objects.
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Summary

This objective

Was met by...

Identify the entities and activitics of a
simple object

[dentify the state and behavior of a class

Determine “is a kind of a” and “is part of 2"
charactenstics of a class

Identify “behaviors” and “communication™
characteristics of a class

Possible Answer for Exercise One

Even a relatively simple inventory sysiem will have a large number of possible
components. For the purposes of this class and this lab, your list of cntitics for the

Exercise |

Exercise 2, Step 2
Exercisc 2, Step 2

Excrcisc 2, Step 3

inventory system should look somcihing like this:

Cosl

Price

Quantity

Location or Bin

Raw Malerial or Finished Good
Current Requirements
Description (size, dimensions)
Purchasc Daie

Age

Delivery Lead Time

Minimum Amount (aiso known as EOQ)

Supplier or Yendor
Requestor

Most of these specific entitics will show up in later labs.
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Possible Answer for Exercise 2

Below is a first pass al a design for the classes in the inventory system. [t is only a
first pass. You may or may not have some or all of the data we listed. That’s not the
point. Our goal is to give you a feel for some of the possible data members, inter-
class communications and activites that will probably show up in thesc classcs.

Class Name: Inventory Abstrac

Parent;
Children:
Eehavior: Communication;
ProcessPurchase () QuantityInStock { ) => quantity
ProcessSalesOrder () OrderQuantity ( ) => quantity
TriggerEOQOrder () Price (and cost) => money
Lead () . Date => date
Store () OrderLeadTime => date range
PurchaseQrders => quantity and cost
Sales Orders ( ) invalid if > Quantity

Embedded Objects:
Date, Money, PartlD

Class Name: Money Abstrac{7 Concrete >

Parent;
Children:

Dollars, Pounds, Deutsche Marks, and so on.
Behavior: " | Communication:

Displays: AdjustAmaounti ) => Exchange Rate
as NumericAmount( } CurrencyCanversion( )
as AiphaTextAount( ) SetAmount{ } => Money

Add Amount(s) Display ()

Multcif:)ly Amount(s)

Load () . { See Inventory class. )

Store ()

Embedded Objects:

Currency symbol, Field Separator Characters
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9

Class Name: Date

AbstracZConcrete

Parent:

Children-

Behavior: Communication:
Display Display ()

as Month/Day/Year ”
as Day/Montn/Year

JulianValue () => numeric
SetMonth () => month

as AlphaText ( z/ SetDay ( ) => day
Compare {) and Validate {) SetYear () => year
DateSpan or Range ()
GetCurrentDate (%
Load{) and Store () { Sea Inventory class )

Embedded Objects:

Class Name: PartiD

AbstracZConcrete >

Parent:
Children:

ImportedPart, and DomesticPart

Behavior:
GetVendor ()
GetPrice ()
SetUnitOtMeasure ( )
Load ()
Store {)

Communication:
Display {)

Embedded Objects:
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Class Name: ImportedPart Abstrac
Parent: PartiD
Children:
Behavior: Communication:.
CalculatePrice { ) GetExchangeRate { ) => rate
SetExchangeRate ( ) <= rate
SetPrice { ) <= money
{ See PartlD class )
Embedded Objects:
ExchangeRate




Lab 2: The Basics

Obijectives

At the end of this lab, you will be able to:

s Use #include 1o access precompiled header files.
» Use #define to create manifest constants.

s Use cout to output to the screen.

s Use the multiple-insertion operations with cout.

s Creale a main function with a returmn valuc,

Before You Begin

Before accessing the source file, close any files or projects that may be open. If
you're not surc whether Visual Workbench has other files open, display the File
menu. If the Close option is available, choose it. If it is unavailable (dimmed), o
file is open. Do the same thing from the Project menu.

Scenario

Microsofts Visual C++™ programs do not have the rigid structure offered in many
other languages. As your familiarity with the C++ language grows, you’ll discover
that most of the conventions used in this module are “required.” Through
experience, you will Icamn that other means exist, but all these conventions add 10
the readability and tnaintainability of your code.

Estimated time to complete this lab: 20 minutes
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Exercise 1
Writing a Simpie C++ Program

An cmply source file, SIMPLE.CPP, exisls in the \STUDENT\LABO2 subdircctory.
You will complete the code statements to create a small program that follows the
basic program strycture described in this module.

Z To open a file
Open the SIMPLE.CPP file by following these steps.

1. From the File menu, choose Open.
The Open File dialog box appears.

2. In the Directories box, sclect the \STUDENT subdirectory. (If it is not visible,
you Tiay have to first select the root directory, CN 1o ind \STUDENT.)

3. Seci..tthe\LABO2 subdirectory. A fcw files should appear in the File Name
box. ‘

4. In ne File Name box, select SIMPLE.CPP and choose the OK button.

The SIMPLE.CPP file does not contain much of a head-start. The following steps
will detail the statements that must be added. Each step is associated with a
comment in the source file noted as: // TO DC #n.

Step 1
A program that interacts with the user through input or output will typically use the

C++ iostreams. Add the preprocessor directive that will cause the compiler to
include the header file definitions in IOSTREAM,H within your application.

Step 2

For readability, add a manifest constant, BEGIN_INV, with the valuc of last year's
inventory final balance: $123,500. (Be carcful. The $ and , characlers can't be
mixed with numeric data in C++)

Step 3

Write the definition line for the main function using the standard conventions noted
in the lecture.

Step 4

Display the following single line of text after 8 spaces on the screen:

I.5.M., Inc.

Your display statement should advance to the next line using the \n notation that
was used in HELLO.CPP.
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Summary

Step 5

Display a second line of text:

1994 Beginning Inventory: $

and the amount, using the manifest constant BEGIN_INV. Your display should
advance to the next line, although this is the end of the program.

Step 6

The program is complete. Return a ¢ to the operating system to indicatc success.

Step 7

Build, exccute, and test your application.

This objective Was met by...
Usc #include statements to access Sicp 1
precompiled header files

Use #define stalements to create manifest Step 2

constanis

Create a main {unction with areturn value  Step 3

Use cout to outpul o the screen Stcp 4 and Sicp 5
Use the multiple-insertion operations with ~ Step 5

cout

s )



Lab 3: Using Statements and
Expressions

Objectives
At the end of this lab, you will be able to:

= Declare variables.

n  Declare variables with an initial valuc.

s Writc a do...while loop that tests for a user’s preferences.

n  Write a simple if suitement that tests user input for a range of values.

= Write output statements that inform the user about inventory quantities.
»  Write simple arithmetic calculations using C++ syntax.

Scenario

Statements, expressions, and flow control will drive the processing and logic within
your applications. To investigate processing and compulational calculations, you'll
build a small application that simulates inventory-processing and reports final
results,

Estimated time to complete this lab: 30 minutes



16 Lab 3: Using Statemenls and Expressions

Exercise 1

Declaring Variables and Using Flow Control

A skeleton source file, FORMULA.CPP cxists in the \STUDENT\LABQ3
subdirectory. In this file, you will wrile and excrcise several looping, conditional,
and computational constructs.

Step 1

Examine the existing preprocessor directives al the top of the source file. A

manifest constant is provided: ECONOMIC_ORDER_QTY is the valuc 50. Within the
main function, two variablcs, nTotalItemsSold and nBeginningInv, are
provided and initialized to 0 and 150, respectively.

Add statements 1o declare local integer variables, nBuyQuantity and
nSellQuantity, and a local character variable, chTranaType.

Step 2

The global variable Linventory has no initial value, so assign 1Iventory the
value of the nBeginningInv local variable, To prove the assignment worked,
writc a stalemnent that displays the following and advances to the next line:

Begining inventory: nn items.

{where nn is the value of 1Inventory)

Step 3

Most statements within the ma in function are contained within a do...while loop
thatruns while {chTransType '= ‘Q'). Write a short, nested loop that
prompis the user {or a transaction type, chTransType, of Buy {*B’ ) or Scll
(*S’), and allows the user o Quit { *Q* ). The body of the loop is provided.

Step 4

The previous line input the user’s sell quantity. Test that input value versus the
inventory amount, Reject the Sales Order if it excecds curent inveniory.

Hint Examine the processing for Buy amounts or purchase orders, if needed.

Step 5

Inventory levels should be maintained at a level supported by sales activity and an
item’s Economic Order Quantity. A manifest constant, ECONOMIC_CRDER_QTY,
is provided. Add the condilional construct 10 test inventory. Display a waming
message if the inventory is less than half an item’s economic order quantily.

Step 6

Write a statement 10 calculate inventory rollover and display the value. Your
calculation should divide the total items sold by the beginning inventory. The format
for the display is '

“Inventory turnover was nn times.”

where nn is the result of the calculation.
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summary

Step 7

Build, execute, and test your solution.

C++ syntax

This objective Was met by...
Declare variables Step 1
Initialize the value of variables Swep 2
Write a simple do...while loop that tests for ~ Siep 3
auser’s preferences
Wrilc a simple if statement that tests user Swcp 4
" input for arange of values
Write simplc oulput statements that inform  Step 5
the user aboul inventory quantities
Wrile simple arithmetic calculations using Step 6



Lab 4: Implementing Simple
Functions

Objectives
At the end of this lab, you will be able to:

» Prototype and define a function.
s Call a function from within another [unction.
» Return a value from a function.

Convert a block of statemenis 10 a function.

Scenario

Functions will eventally provide the methods, behaviors, and communication
message-handling within the inventory-control system. As part of your preliminary
research, investigate the implementation of functions in C++. You need to
determine whether functions can easily handle various inputs and rctum valucs for
your business situations. ‘

Estimated time to complete this lab: 30 minutes
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Exercise 1

Building Functions and Prototypes

A skeleton source file, FUNCTION.CPP, cxists in the \STUDENT\LABO4
subdirectory. You will write and excrcise several small {functions to test data
manipulations within different types of functions.

This program is similar (o the formula program in the previous lab. Many of the
blocks of statements have been packaged as funcuons, but others need 1o be
completed. The user-processing of the application has not changed.

Step 1

Examing the existing statements at the top of the source file. A manifest constant is
provided. Within the ma 1in function, several function calls exist.

Add slatements to proiotype the iwo functions called within the ma in function:
ProcessBuy and ProcessSell. Those functions are defined below the body of
the ma in function. Both functions retmn an integer to the calling rouline,

Step 2

Write a statement to call the ProcessBuy function. The function returns an
integer value representing the number of items purchased for inventory. Add that
return value to update the inventory balance, 1 Inventory.

Step 3

Write three stalements ¢ handle the processing from the ProcessSell function.

1. First, add a statement to call the ProcessSel 1 function. It returns an integer
value representing the number of items sold. Save that value in the variable
nSold.

2. Add a stalement that updates the inventory balance, lInventory.
3. Add a statement that updates the nTotalItemsSold variable.

Step 4

1. Locate the function body of the ProcessBuy function. Examine how it
“returns” the purchase amount to the calling function.

2. Locate the ProcessSell funclon. Portions of this function need to be
completed. Use a conditional slatement to deny the Sales Order if the quantity
exceeds the current inveniory amount. You should display a message to the user
and return a zero (indicating a rejected order). Alternately, if that quantity is
available, return the sell quantity.

Note Your partially completed solution may be compiicd and tested at this
point.
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summary

Step 5

Locate the function body of the ma in function, Near the end of main, you'll
recognize a display statement that calculates inventory wmover. To complete this
step, convert that statement to a function: CalcTurnover. You necd a stalement
to prototype the function and a statement to call the funcuon. You also need to
“package” that statcment from main as a function body. The values of lwo
variables, nTotalItemsSold and nBeginningInv, arc needed within the
CalcTurnover [unction.

Step 6

Build, execute, and test your final solution.

This objective Was met by...

Prototype and define a function Step 1
Call a function from within another function  Step 2, Step 3
Retun a value from a function Step 3, Step 4
Conven a block of snatcments'lo afunclion  Step$



Lab 3: Using Structures to
Encapsulate Data

Objectives
At the end of this lab, you wiil be able to:

» Declare a structure,
s Assign values Lo struCture members.

m  Access the contents of a structurc's members.

Scenario

Structures are one of the logical frameworks C++ offers lo encapsulate or package
the data your applications will manage. Your development team will be secking
your guidance as they determine the data needs of the inventory system.

You realize that the inventory system will nced to integrate with both Sales and
Purchasing groups. Their systems rcly heavily on three data items: time, cost, and
quantity. C++ offers standard data types that can cffectively handle quantity, but
there are no data types to handle dates or money. In this lab, you will define a date
structurc.

Estimated time to complete this lab: 20 minutes
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Exercise 1

Declaring and Accessing Data in a Structure

summary

An incomplete source file, DATES.CPP, exists in the \STUDENT\LABOS
subdirectory. You'll write a structure to store date information and creaic a function
lo display the date in a format you prefer.

Step 1

Defline a Date structure with storage for month, day, and ycar as data members.

Caution You may be tempted 10 usc the char data type to store the day and
month variables because they have small ranges. (Calendars typically have 31 or
fewer days per month and 12 months per year.) Fight that tempuation! In the future,
you may want to perform operations that cxceed the ranges allowed by char.

Step 2

Declare a global instance of the Date strucwure, named dSolstice, that represents
this century's last summer solstice: June 21, 1999.

Step 3

Declare a local instance of the Date structure named dToday (within main, no
initialization).

Step 4

Assign values to each member of dToday L0 represent today’s dale.

Note The answer solution shows today as 9/22/1994.

Step 5

Examine the DisplayDate function, looking at the prototype at the top of the
source file and the calls inside of main. Write the funclion DisplayDate 10
display the Dale structure passed as an argument. Use simple literals to delimit
fields (such as “-" or */") for now. We'll revisit this lab later (o improve the
display.

Step 6

Build, execute and test your final solution.

This objective Was met by...
Declare a structure Step 1, Sicp 2, Step 3
Assign values Lo Structure members Step 4

Access the contents of a structure’s Step 5

members



Lab 6: Creating Classes and Member
Functions

Objectives
At the end of this lab, you will be able to:

u Create a simple class using access specifiers.

»  Write multipic Get member functions that retricve values of class data
members.

a  Write a Set member function that modifies (assigns or mutaics) class data
members. '

s Write a Display member function that manages output of data.
s Wnie a constructor member function to initialize dala members.
n  Write a destructor member function to perform cleanup.

Scenario

Using classes to encapsulate data members and member functions allows your
system to integrate the methods that manage the data’s behavior. The access
specifiers, public and private, allow the class designers to control the interface (0
the class, locking out iil-behaved programs.

Knowing the intemational nature of your company, you're concerncd about the
approach your group should take 10 date-handling. Many operating sysicms, such as
Microsofte Windows™, offer helper routines for formauting dales, time, currencics,
and so on. Eventually, your inventory system will be running on Windows—but in
the interim, another solution needs to be devised.

Estimated time to complete this lab: 45 minutes
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Exercise 1
Writing a Simple Date Class

An incomplete source file, DATETEST.CPP, exists in the \STUDENT\LAB06
subdircctory. You'll write a Date class with constructor, destructor, Get, Set,
and Display member funciions to handle data.

Step 1

Locate the header for the class, Date. The definition for the class is incomplete.
Overall, this class will have Display, GetMonth, GetDay, GetYear, and Set
member funclions. The Set function will receive three integer variables and assign
values (0 the data members m_nMonth,m_nDay,and m_nYear, respectively.

Complete the class definition. Prototype all member functions 1o allow access to the
interface, but hide ait data members from direct manipuiation,

Step 2

The Display function should output the three dala members in a format that fits
your headquarter's date and time reporting standards. If you'rc unsure about those
standards, usc an MM/DD/YYYY format.

Step 3

Three member functions, GetMonth, GetDay, and Get Year, are needed 1o allow
controlled access to each data member. A ma in funcuon that invokes these three
functions has been provided. (Yes, this interface may be modified in future
implementations, but these {unctions are sufficicnt for now.)

Step 4

Your Set function should accept three values and initialize the three data members:
m nMonth,m_nDay,and m_nYear.

Step 5

Locate the ma in function that has been provided. The statements that follow “TO
DO #5” are coded to reference an cxisting local instance of the Datc class:
dMyDate.

Add a statement to instantiate a Date object named dMyDate.

Step 6

In Step 2, you created a Display member function. To excrcise Lhe three Get . . .
functions, wrile a stalement that outputs the three data members in an alternate
format. If your Display function ordered the member M/D/Y, cither D/M/Y or D-
M-Y wouid be accepiable.

Step 7

Build, execute, and test your application before continuing to Exercise 2.
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Exercise 2 |
Adding Constructors and Destructors to a Class

Prerequisites

Exercise | should be complete and pass testing.

From the File menu, choose Save As. From the Save As dialog box, edit the
filename to DATETST2.CPP. Choose the OK button.

Scenario
What was odd about the output from Exercise 1?7

The output from the first Display function showed “undeflined values® for the
uninitialized Date object. Obviously a belter solution exists—conturolling the
creation and deletion of the Date objects.

Step 1

Within the Date class, add a simple, no-argument constructor.

Below the class definition, add the body of the constructor function. It should output
the message “Date Cftor:\n” and iniualize alt member data to zcros.

Step 2
Within the Dale class, add the prototype of a destructor.

The destructor should output the message “Date D’ tor:\n”.

Step 3

Build, execute, and test your application. Notice the differences in output.
Previously, the uninjtialized Date displayed undefined results. Does your solution
improve that display?

If time permits, continue to Excrcise 3.

Exercise 3 (Optional)
Verifying That Your Data Is Secure

Prerequisites

Exercise 2 should be complete and pass testing.

From the File menu, choose Save As. From the Save As dialog box, edit the
filename to DATETST3.CPP. Choosc the OK button.

Scendario

You have a class that supposcdly encapsulates and protects your data. Prove it Add
staternents that try to directly manipulate the daia.
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Step 1

Within main, add a statement to declare another Date structure, Something like this
will do:

Date ErrorDate;

Step 2

At the end of ma in, add statement(s) to directly change Date data members. They
might lock like this:

ErrorDate.m nMonth = 10;
ErrorDate.m_nbay += 1 + ErrorDate.m nYear:

Compile your application. Log the error numbers and messages below.

Error Code: Error Message:

summary
This objective Was met by...
Create a simple class using access Exercise 1, Step 1
specificrs
Write a Set member function that Excrcise 1, Siep 4
accesses class data members
Write a Display member function that Exercise 1, Step 2
manages output of daia
Write a Get member function that Exercisc 1, Step 3
initializes class dala members
Write a constructor member function to Exercise 2, Siep 1
initialize data mecmbers
Writc a destructor member function to Exercise 2, Step 2

perform cleanup



Lab 7: Tuning Your Member
Functions

Objectives
At the end of this lab, you will be able (o:

» Write overloaded constructors.

Use default arguments. -

Use inlining to make your code run more cfficiently.

s Use colon initialization for efficient object initialization.

Scenario

Based on your inventory system design, numerous small changes have been
impicmented in other systems that will interface the inventory system {cspecially the
purchasing and sales order sysiems.)

The new purchase order system was purchascd and installed, and it has been well
received. The purchasing manager stopped by to thank you for your assistancc
installing that system—-a job well done. * About the only trouble we've encountered
has been order-entry errors on purchasc-order dates. Sometimes a dalc ficld is
skipped and unexpected values arc filled in by the purchasing system.” The
purchasing manager left after issuing a leaser:

“I hope the inventory system is smarter about dates. .. "

Back at your desk, you recall that purchase orders may be triggered automatically
by the inventory systcm, but may be held pending approval. Therefore, purchase
orders may be cut with the current date, or entered with either a current or a future
date.

You'll write a Date class and test application that handles the current date issuc and
avoids dates with invalid ficlds. Your Datc class will fitl in missing ficlds using
today's date whether one, two, or all three ficlds are missing. If there is no initial
value supplied, it should dcfault to 1oday’s date. That will also allow order-cnury
personniel to skip entry on dates if they want today's datc for an order.

Estimated time to complete this lab: 45 minutes

LY
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Exercise 1

Using Overloaded Functions and Default Arguments

A complete source file, TODAY.CPP. is in the \STUDENT\LABO7 subdircciory.
Execule this program so that you are familiar with the issucs the purchasing
manager raised.

Step 1

Al startup, the test application prompts the user to enter today’s date. The global
function GetCurrentDate is invoked. The body of the function consists of the
last lines within this source file.

Add the prototype for the GetCurrentDate function. It takes no arguments and
has no retumn value.

Step 2

The GetCurrentDate function sets three global variables: nCurrMon,
nCurrbDay, and nCurrYear, Add a statement 1o declare those global variables.

Step 3

Locate the class Date and the four prototypes of overloaded constructors. The no-
argument constructor allows a Date object 1o be created with all zeros. The one-
and two-argumnent constructors allow partial dates with zero fields. (While zcro is a
rcasonable fill-value for an incomplete date, those ficlds must be correctly
completed during Drate construction.)

First, determine how those constructors could be overloaded to a single constructor
with default arguments of value zcro. (Yes. you should still allow zeros—the body
of the construcior will replace them with cumrent date values.) A singlc constructor
with three default arguments may be called four different ways.

When'you are satisfied with your new constructor prototype, either comument or
delete the old prototypes.

Step 4

Locate the definitions for the four Date constructors. The default (no-argument),
one-, and two-argument constructors atl assigned a zero value to any dala member
that was not passed a value. The three-argument construclor, Date: :Date(int
M, int D, int Y) assigned the parameters to the data members.

Write the body of your new constructor from Step 3. For cach data member,
determing whether the value of the parameter is valid. If the passed value is zcro,
assign the appropriate global variable from Step 2 or accept the user inpul.

Step §

The four original constructors for Date remain. Either comment or delete those
functions.

Step 6

Build, execute, and test your application before continuing to Exercise 2.
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Exercise 2

Inlining Functions

Summary

Prerequisites

Excrcise 1 is complete and passcs testing.

From the File menu, choose Save As. From the Save As dialog box. :dit the
filename to TODAY2.CPP. Choose the OK button.

Scenario

Your test application handles the current date issue and avoids dates with zeros.
Your class could be wned a bit more.

Step 1

Locate the class Dat e and the prototypes of all member functions. Detcrmine which
functions are candidatcs for inlining to avoid the overhead of function-call
processing.

Your solution may use ctther implicit or explicit inli.ung conventions.

Step 2 ;
Locate the class Date and its single constructor. The constructor accepts Lthree
valucs as parameters. Depending on the values, the body of the consurucior cither

assigns the parameter or the static data member. The colon initialization syntax is
more elficient than the assignment staiement.

Your solution should use coton initalization in the constructor.

" Since the assignment (o the data members occurs prior to the body of the

constructor, the body of the constructor can be changed to simply 1est for zero data
members. If a zero value is encountered, assign the appropriate value from the
global variables.

Step 3

Build, exccute, and test your application.

This objective Was met by...
Write overloaded constructors Exercise 1, Stcp 3
Use default arguments Exercisc 1, Step 5
Use inlining 10 make your code run morc Exercise 2, Siep 1
efficiently

Use colon initialization in constructors Exercisc 2, Step 2

/§
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Objectives
At the end of this lab, you will be able to:

m  Use and intialize static member data.

s Use static member functions in classes.

Scenario

The previous Date program solved the invalid data problems—assuming the user
entered a correct date when the (est program stlaned.

A few additions to the Date class could allow the class to ask the operating sysicm
for the cumrent date. Using static members, all Date objects could be constructed
with current, valid ficlds on startup.

You'll modify the Date class, and use a static member [unction and member dala to
handle the current-date issuc.

Before You Begin

There's a big-picture issue to consider. Which operating system arc you going o
ask for today's date? Fortunately, C++ programmers are somewhat protected from
the operating system. Librarics of functions that are tuned for various operating-
system platforms already cxist.

The classroom machines may be running MS®-DOSe version 5.0, 6.0, or above,
with either Windows 3.0, 3.1, or above or Windows For Workgroups 3.1 or above.
Alternately, this course may be presented without MS-DOS at all. Microsoft
Windows NT™ could be used instead.

Two options exist: either call a standard C or C++ language library (unction, or
create an object by using the Microsoft Foundation Class library. Both ways, you'll
get accurate date information. If you use the language-library method, you'll code
multiple lines using either a pointer to a structure or a binary bit-shifting technique
1o get the data. If you usc the MFC library, you'll need one-linc (o create and
initialize a CTime object.

Welcome to MFC.

Estimated time to complete this lab: 30 minutes
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Exercise 1

Using Overloaded Functions and Default Arguments

A complete source file, TODAY3.CPP, is in the \STUDENT\LABOS subdircciory.
[t is roughly equivalent to the last datc lab program. The .EXE file in this directory
conlorms (o the sofution {or this lab. You should execute it so that you are familiar
with the new program flow. ’

Step 1

The last version of this application prompts the uscr to enter today's datc by calling
the GetCurrentDate function. That should change, two different ways.

1. Move the prototype for the GetCurrentDate function from the global area 1o
within the ciass Date.

2. Modify the prototype. The function still 1akes no arguments and has no relum
value—but it is only called once for the class, and only modifics static data.

Step 2

The old GetCurrentDate function set values for three global variables:
nCurrMon, nCurrDay, and nCurxYear. That should change three ways.

1. Move the declaration within the private area of class Date.
2. Modify the declaration so that one copy of cach variable exists for the class.

3. Optionally (but still highly recommended), modify the variable names (o reflect
their new scope as members of class Date.

Step 3

Static data members must be inilialized at filc scope. Below the definition of class
Date, initialize each static member to zero. Maich the variabie names from Step 2.

Step 4

Locale the body of the three-argument Date constructor. The prototype listed default
arguments. The definition includes colon initialization. The body of the constructor
determines whether the value of the data member is non-zero. That's all fine, except
that Step 2 had you change the global names 1o member names.

With the constructor, match the variable names from Step 2.

Step 5

Locale GetCurrentTime. It has been moved above main (as of Step 1, it’s now
part of Date). Rather than asking the user to enter today's date, your program can
get the current date from the MFC class CTime. Three changes are nceded.

1. Change the definition of the function from file scope to class Date scope.

2. Declare a CTime object named tm, initialized using the CTime static member
function GetCurrentTime.
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summary

Hint Enter CTime and press the F1 key. In the Search dialog box. sclect the
MEFC Library and choose the OK button. Use Help to find the CTime member
GetCurrentTime example. You don't get extra credit for original code; copy
the example. You deserve extra credit if you can copy and paste the example.

3. Use the £m object and CT ime member funcions 10 assign the current datc value
10 each static data member. The GetDay example shows the three accessor
[unctions you need.

Step 6

Locate the call 1o GetCurrent Time within main. That function may cxecute
before any Date objects are created.

Change the line to call the Date class Get.CurzentTime {unclon.

Step 7

Build, executc, and test your application. The addition of the MFC includes requires
an additional library in the build process. From the Options menu, choose Project.
From the Project Options dialog box, choose the Linker button. In the Librarics iext
box, add the library mafxcr lor a release mode project.

This objective Was met by... -

Write overloaded constructors Exercise 1, Step !
Use defauit arguments Exercisc 1, Step 5
Use static functions Exercise 1, Steps 2,3, and §
Use inlining to make your code run more Exercisc 2, Step |

cfficiently



Lab 9: Containment and Embedded

Objects

Objective

Al the end of this lab, you will be able 10 create a class that contains another class.

Scenario

Your development tcam at ISM has produced a few of the building blocks {or an
inventory system, specifically a Date class and a Money class. The inventory
system will contain those classes and a part-identification class that hasn’t been
created yet. With these three building-blocks, you decide to create a simple
Inventory class containing the above classcs.

Estimated time to complete this lab: 30 minutes
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Exercise 1

Embedding Objects

A complete source file, INVENTRY.CPP, is in the \STUDENT\LABG9
subdirectory. It has two classes, Date and Money, roughly cquivalent to earlicr lab
and demo programs. Your new version will add a new, simpie Part ID class, and
embed all three classcs into a new, simple Inventory class.

Step 1

Locate the class Meney. Notice that it has a no-argument and a two-argument
construcior (both int arguments).

Locate the class Date. From a previous lab, you know the constructor for this class
accepts 0 to 3 integers and may assign compenents of the current date to zero fields.

Locate the class Inventory. Above this definition, you'll writc a new class,
PartID.

Your class, PartID, should be very simple. The class will be revisited in future
labs. To avoid data errors (as occurred with Dates), you decide that Part ID should
noi have a no-argument constructor. Write a one-argument constructor that
cfficiently initializes the class’s private data member, m_nPartNbr. The
constructor should display a message when it runs,

Step 2

Write a class destructor that displays a message when it runs.

Step 3

Write a Display member function that displays the value of the private member
m_nPartNbr when called.

Step 4

Locate the class Inventory. This class is partially complete. The declaration for
the constructor is missing. Write the formal definition for the constructor so that it
receives seven integers and cfficiently initializes the data members.

This version of the Inventory class has four data members:
® aninteger, m_nQuantity

» a ParUD object, pPartNbr

= a Money object, mCost

s a Date object, dorig
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Summary

Step 5

Locate the main function. Declare an Inventory object named iGakMirror
with the following beginning inventory:

s Quantity 100

s Pari Number; 5

= Cost: $50.00

s Qriginadon: loday’s date

Step 6

Build, execute, and test your application. The usc of the MFC library for the CTime
object requires an additional library in the build process. From the Options menu,
choose Project. From the Project Options dialog box, choose the Linker bution. [n
the Libraries text box, add the library mafxcr for a release mode project.

This objective Was met by...

Create a class that contains a set Exercisc 1, Steps 1, 2, and 3
of related classcs



Lab 10: Working with Inheritance

Objectives
At the end of this lab, you will be able to:

s Use public inheritance.
m Extend a base class.

Scenario

The intcrnational naturc of I.5.M., Inc. poses a problem when it comes o
purchasing parts through Part Orders. The domestic supplicrs provide parts with
unil cost information, International suppliers frequently provide cost informatton
based on a forcign currency, and they typically siate an exchange rale.

The base class Part ID maintains the part numbers used for purchasing and
receiving. The Part ID and the unit cost are both used 1n the inventory sysiem.

Estimated time to complete this lab: 30 minutes

‘(
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Exercise 1

Extending a Base Class

A skcleton application, PARTCOST.CPP, cxists in the \STUDENT\LABIQ
subdirectory. The base class, Part ID, is complete. There is also an existing
derived class, DomesticPart, that is nearly complete. You will finish the
Domest icPart derived class and create another derived class:
ImportedpPart.

Step 1

Open and examine the file PARTCOST.CPP. The Part ID base class maintains
PartNbr and includes a Display function.

The DomesticPart class inherits from Part 1D and includes one data member:
m nUnitPrice.

Locate the DomesticPart Display member function. Complete this function.
Overall, the output should list

PN: nn Price: ppp

where nn is the Part ID and ppp is the unit price. (It is recommended that you
use the DomesticPart Get funclion). Part ID 1s the private member of the
base class. The value is available through the Get ID member function, and the
first portion of output is provided by the Display function. Either way, you'll be
calling the base class.

Step 2

You will complete a new derived class, ImportedPart, that has two data
members: m_nUnitPrice andm_nExchangeRatePct.

Examine the constructors and destructor for the DomesticPart class. Ina
similar fashion, the ImportedPart class should build a basc class object.

The ImportedPart Display function also should list

PN: nn Price: ppp

where nn is the Part ID and ppp is the unit price. (It is reccommended that you
use the GetUnitPrice funclion rather than access the member data directly.)

Finally, complete the accessor function, GetUnitPrice. It must calculate and
return the appropriate part price based on the equation

(UnitPrice * ExchangeRatePct / 100)

Step 3

Within the ma in function, declare a DomesticPart object witha ParcID of 2
and a unit price of 10. Declare an ImportedPart with a Part ID of 3, a unit
price of 10, and an exchange rate of 120%.

Step 4

Build, execute, and test your application before continuing to Exercise 2.
Exercise 2 is optional. Close all source and header files before continuing,
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Exercise 2 (Optional: Complete in open lab time)
Extending Another Class

Scenario

Your MIS Manager has offered the usc of contract programmers for the short-
term need of completing the protolype Inventory System. You realize that the
current payroll package includes just salaried cmployees denoted as permanent.
The contractors don't matich the job descriptions typically classified as
“temporary,” due (o payrotl 1ax and insurance benefits.

You have time 10 extend the lemporary cmployec classification 1o meet the
reporting nieeds for conuract programmers, The major variation is hourly pay
versus a salary. Contractors, paid monthly, also receive double-time for hours
over 160 per month.

A skeleton application, EMPLOYEE.CPP, exists in the \STUDENT\LAB10
subdircctory. The base class, Employee, embeds the Date class from previous
modules, There is also an exisling derived class, Permanent.

Step 1

Open and cxamine the file EMPLOYEE.CPP. The bate class occurs first; it is
cmbedded in Employee. The Employee class maintains the daie of hire for
cach employee. The Permanent class inherits from Employee, and includces
onc data member for monthly salary.

You will create a new class, Contractor, thal has two data members:
m_nHourlyRate and m_nHours. Examine the constructors and destructor for
thc Permanent class. Your new class should include accessor functions for cach
data member: GetRate, GetHours, and SetHours.

Note Hourly rate is “set” at time of hire (also known as contraclor construction.}

Additionally, thc member function 1o gencrate the contractors’ monthly pay,
Paycheck, must calculaic at double-time rates for hours greater than 160,

Step 2

Within the ma in function, declare a contractor object, cont 1, with a start datc of
1/4/1994 and a 312 hourly rate.

Step 3

The contractor worked 180 hours. Set that amount.

Step 4

Examinc the lincs in main where the Permanent employec is “paid.” [n a
similar fashion, “pay” the contractor.

Step 5

Build, execute, and test your application, The CTime class requires the AFX
library in the build process. From the Options menu, choose Project. From the
Project Options dialog box, choose the Linker button. In the Libraries text box,
add the library mafxcr for a rclease mode project.
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Ssummary

This objective

Was met by...

Use public inheritance
Extend a base class

Exercises 1, Step 2; Excercise 2, Step 1
Exercises 1 and 2



Lab 11: Managing Projects

Objectives
At the end of this lab, you will be able to:

n  Use various methods to divide header files from source code.
s Use and create project MAK files to manage multiple files.

Scenario

You will revisit the Inventory application from earlicr modules. You will
investigate the process of spliting a large source file into logical class componcnts
(header files) and test programs (source-code files).

Estimated time to complete this lab: 30 minutes
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Exercise 1

Source vs.

Header Files

A complete source file, INVENTRY.CPP, is in the \NSTUDENT\LAB11
subdirectory. It’s the solution from a previous lab. It has four classes: Date,
Money, PartID, and Inventory, plus a mair funciion to declare one inventory
item. This file does not have any TO DO steps listed in the source file.

Note You should close all source and header files (and other windows open in the
Visual Werkbench) before continuing.

The instructions in Steps 1 through 3 prescnt three distinct ways to copy data from
one window to another. Windows experience is nol a prercquisite for this course, so
these steps spell out some techniques that may already be familiar to you. If you
have a preferred way of editing and working with text, fec! free 1o go about it in
your own way. If you arc unfamiliar with the Windows environment, try cach of
these methods. Then use the one you prefer in the remaining steps.

As with previous fabs, you will go 1o the File menu and choose Open.

Step 1

This step uses the keyboard to select and manipulate code.
1. Inthe INVENTRY.CPP source file, locate the class Money.

2. Select all of class Money, including the blank line after the class definition. To
sclect the code you wish to copy, position the curser at the blank line above
class Mconey. Press and hold the SHIFT key. With the SHIFT key depresscd,
usc the DOWN ARROW key 10 select line afler ling in the source file. (Sclecled
text is highlighted on the screen.) Releasc the SHIFT key.

The selected text remains highlighted.

3. Copy the highlighted text to the Clipboard. ALT+E dispiays the Edit menu. The
Copy command is chosen with ALT+C.

The Clipboard temporarily holds data so that it can be pasted (inserted)
anywhere in any Windows-based file. When you usc the Cut or Copy command
10 place data in the Clipboard, the Clipboard clears any previous contents and
then hoids the new data for pasting. (Simply deleting text does not place it in the
Clipboard.)

4, Open a ncw window. (That is where you will paste the text from the Clipboard.)
ALT+F displays the File menu. ALT+N chooses the New command, which opens a
new window.

A window labeled <2> UNTTTLED.] appears. The cursor is blinking in the
upper-left corner of window 2, which shows that it is the active window.

5. Paste the contents of the Clipboard into the new window. Again, ALT+E displays
the Edit menu; ALT+P chooses the Paste command.

The text should appear in the new window. If the text for the Money class docs
not appear, repeat Step | from the beginning. (The following step tells you how
to return to the INVENTRY.CPP source window.)
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To return 10 the INVENTRY.CPP source window, use ALT+1 (ALT and numeric
one— the window number).

To delete the Money class code from INVENTRY.CPP, verify that it is still
sclected. Press the DI key (labeled Delete on some keyboards) (o remove the
selecied code from the file.

Step 2

This step uses the mouse to cut and paste the code for class Date.

1.

In the INVENTRY.CPP source file, locate the class Date.

Only class Date uses the CTime functions. Time data and functions arc fully
encapsulated within Date; they are not referenced anywhere clse within
INVENTRY.CPP.

Sclect the portion you wish (0 cut and pasic: the entire Dat.e class. Use the
mouse to position the cursor at the start of the #ifdef. _WINDOWS statement
above class Date. Click and hold down the left mouse bution. Drag the
mouse pointer lower and lower in the window. Lines of code are selecied as you
scroll by. Continue to drag and sclect all of class Date, including the blank line
below the Get TodaysDate member function.

Release Lthe mouse button. The area will remain highlighted.

Scrolling Tip  You can control scrolling speed with the mousc. Did you notice
that as you approached the bottom of the source window, the window scrolled
more quickly? If you want scrolling to slow down or reverse itsell, move the
mousc 10 a higher position in the window. The speed with which you move Uie
mouse affects scrolling speed, L100.

. Click the Edit menu and choose Cut.

The text is cut from this file and held in the Clipboard for pasting.
To open a new file, click the File menu. Choosc New.

A window labeled <3> UNTITLED.2 appears. The cursor is blinking in the
upper-left comer of window 3. That shows that the new window is the aclive
window.

. To paste the contents of the Clipboard into the new window, click the Edit menu.

Choose Paste.
If the text does not appear, ask the instructor for assistance.

If the text appeared as expected, use ALT+1 (0 retumn o the INVENTRY .CPP
source window.

Notice that the Date class was deleted from this file by the cul operation.
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Step 3

This step performs the cut and pastc operations in a combination of mousc and
keyboard shortcuts.

Note You can learn any Windows-based shortcuts by looking at the menus. To
display a particular menu, press ALT plus the underlined letter in the desired menu.
For example, since the F in the File menu is underlined, you know that ALT +F will
display the File menu. When you display a menu, you will sec that some of the
commands have shortcut key combinations to the right of them. Those are the
accelerator key combinations that will be used in Step 3. Accelerator keys carry
out operations withoul displaying a menu or its commands.

1. Inthe INVENTRY.CPP source file, locate the class Part ID.

2. Use the mouse t0 select the entire Part ID class. Position the mouse pointer on
the blank line just above class PartID. Click and hold the left mousc button.
As you did in Step 2, drag the mouse pointer down the screen, selecting code as
you go. Select all of the Part ID class, including the blank line after the class
definition.

Release the mousc button. The sclection remains highlighted.

3. Use the CTL+X key sequence to cut the sclected text and place it in the
Clipboard.

4. Use the CTRL+N key sequence 10 open a new file.

A window labeled: <4> UNTITLED.3 appears. It is the active window; the
pasling opcration you're about to do will placc the text in the active window.

5. Use the CTRL+V key sequence 10 paste the text. If the text does nol appear, ask
the instructor for assistance.

6. To retum to the INVENTRY.CPP course window, use the ALT+1 key scquence.
The Part ID class was already deleted from this file by the cut operation.

Step 4

Use any of the procedures in Steps 1, 2, or 3 to carry out this step.
1. Locate the class Inventory.

. Select the class Inventozry.

Copy or cut the selection to place it in the Clipboard.

Start a new file. It will be <5> UNTITLED.4 if you have performed all of the
steps.

W

5. Paste the contents of the Clipboard to insert the Inventory class in the ncw
window.

6. Use ALT+1 to return to the INVENTRY.CPP window. (If you uscd the copy
command to put the text in the Clipboard, you must still delete the sclected text
from the INVENTRY.CPP fiic. Use the DEL key to delete it.)

Step 5
1. Usc ALT+5 to return to the <5> UNTITLED.4 window.

2. At the top of this file, add a comment describing this header file as
INVENTRY.H.
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Step 6

Does the main function know about Part Id? or Money? or Date? The answers
are “no,” “no,” and “a little.” The ma in function performs one picce of
housckeeping Lo initialize the static variables used by Date (and we’ll get rid of
that soon.) With most answers 4s 'no,” should ma in include these .H files? No.

1. Add statements in INVENTRY.H to include the following:
MONEY.H
DATE.H
PARTID.H

These files will be in the current directory. Docs that change your include
stalements?

2. Save the [ile by going to the File menu and choosing Save As.
The Save As dialog box appears.

3. Press the DEL key once to-clear the filecname extensions. In the File Name text
box, enter the name inventry.h. (Note that there s no “o" in the filename.)

4. Press ENTER (or choose the OK button),

Step 7
1. Use ALT+2 to change to the Money class window.
2. Add a comment at the top of the file describing it as MONEY H.
3. Use ALT+F and then ALT+A 10 invoke the Save As command.
The Save As dialog box appears.

4, Press the DEL key once to clear the filename extensions. In the File Name text
box, enter the name money.h and press ENTER (or choose the OK button).

Step 8

1. Use ALT+3 lo change to the Date class definition.

2. Add a comment at the top of the file describing it as DATE.H.
3. Add a second comment line that notes this file's use of AFX.H.
4. Use the CTRL+S key sequence Lo invoke the Save As dialog box.

Note CTRL+S is usually just Save, but this file has not been named or saved yet.
Visual Workbench presents a Save As dialog box in anticipation of your naming the
file.

5. Press the DEL key once to clear the filename exiensions. In the File Name text
box, enter the name date.h and press ENTER (or choosc the OK button).

Step 9

1. Use ALT+4 to change to the Part ID class definition.

2. Add a comment at the top of the file describing it as PARTID H.
3. Save the file as PARTID.H.
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Exercise 2

Step 10

You can save ail of the open files at once. From the File menu, choosc Save All.

Step 11
1. Use ALT+! (0 retumn to the INVENTRY.CPP file.

Does the main function in INVENTRY.CPP know about our class Invent ory?
No. Does it need 10 know? The answer is casily “yes.” It constructs an object and
invokes the Display member function.

2. Add an include statement for INVENTRY H.

Step 12

Build, execute, and test your application before continuing to Exercise 2. You
should also close all source and header files (and other windows open in the Visual
Workbench) before continuing.

Scope in Single Source Files

Scenario

Your retumn visit to the Inventory application was a good example of project
management for source and header files. Building an cxample with enough code to
demand multiple sources would take a long time¢— and it would lake a long time
just 1o present the problem. The two following cxercises use small code files, but
they present an answer to the overall question of how to protect or share both code
and data across multiple source files.

A complete source file, SCOPEL.CPP, is located in the \STUDENTNLABI 1
subdirectory. This program displays text concerming the visibility issucs within a
single source-file application.

Step 1
1. Open the file, rebuild it, and exccute the application.

2. Expand the output window for the program. Use either Maximize or Size
options for a window, Read the outpul as a reftesher for scoping rules within a
single source file.

3. Close this source file (and any other windows that arc open in the Visual
Workbench) before continuing.
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Exercise 3
Scope in Multiple Source Files

Scenario

As was mentioned earlier, this second scope exercise uses small code files as you
lcamn to protect or share code and data across multiple source files.

Two complete source files arc located in the \STUDENT\LABI11 subdirectory.
Prior to opening the source files, we'll create a project file to control the build
process.

Step 1
1. From the Project menu, choose New.

The New Project dialog box appears.
2. In the Project Name text box, type scope2.mak.

3. Press the TAB key twice to advance to the Project Type box. Usc the DOWN
ARROW key Lo display the oplions.

4. Select QuickWin Application (.EXE).

Note Be surc the Use Microsoft Foundation Classes option is clcarcd— that is,
not checked.

5. Choase the OK button.

The Edit dialog box appears, lisling several source candidates in the File Name
box.

You'll be adding two files to this project. Therc arc iwo ways (o do it.
6. Double-click the file named SCOPE2A.CPP.

7. Select the SCOPE2B.CPP file by clicking on it once. Then choose the Add
bution. -

8. Choose the Close button to complete the project. Notice that the title bar for
Microsoft Visual C++ now includes the project name, SCOPE2.MAK. No
project components arc autornatically opened.

Step 2

1. From the Project menu, choose Build SCOPE2.EXE.
2. Execute the program. Expand the output.

3. Read the output to confirm concepts for scoping rules within multiple source
files.

4. Close any source files and close the project.
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summary

This objective

Was met by.,,

Use the appropriate methed for making
header {iles from source code

Use and create project .MAK Files to
manage multiple files

All three exerciscs

Exercise 3, Step |



Lab 12: Manipulating Arrays

Objectives
At the end of this lab, you will be able 10:
s Manage character manipulations using arrays and subscript notation.

s Convert numeric dala types to characler strings.
= Write a string-handling function.

Scenario

You're very pleased with the status of a number of the sample applications
you've created. You should be! Still, it would be nice—and much casicr on your
eyes—(o have nicely formaticd output from your applications. A leading
currency sign with a siring of digits is difficult to decipher. Separators would bc a
nice addition.

Estimated time to complete this lab: 45 minutes

0
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Exercise 1
Adding Characters to a String

A project file, MONEY . MAK, cxists in the \STUDENT\LAB 12 subdirectory. I
uses a version of the Money class that is similar to previous modules. This project
uscs the files MONEY.CPP and MONEY.H. This version won't compile because
main is coded to call a missing member function, DisplayNumeric.

Get started by going to the Project menu and choosing Open. Sclect
MONEY.MAK. Click the far left button on the toolbar, the Project File button. It
displays the list of filcs that are used in Lhis project. From the list, sclect a file 1o
opcen.

Step 1 _
1. Open the source file MONEY.CPP.

2. Locale the call to invoke the DisplayNumeric function within main. There
is no return Lype, and there arc no arguments. DisplayNumeric is self-
conlained.

3. Open the header file MONEY H.

4. Locate the class Money. The class constructors have changed. Both
constructors still assign values 10 the data members. But there is a new
statement in each that assigns a NULL character to the data member
szFormatted.

5. Declare szFormatted as a new private dala member with room for 20
characters.

Step 2

1 Locate the DisplayNumeric member function. [t contains simple
conditional logic 10 determine whether szFormat ted conltains informalion.
If it contains no information, the function BuilidNumeric is called to load
the data.

2. Add a prototype for the BuildNumeric function.

Overview of Steps 3-9

The steps that follow are a reccommendation. There are various ways lo achicve
the desired outpul. You may follow these steps, or crcate your own solulion. You
are strongly urged 1o design your solution using a notepad and pencil before
starting with the code!

The loop in Step 6 is the most challenging aigorithm in this lab. Characters arc
transferred from szTemp and arc merged with currency scparator characters L0
load the szFormat ted string inlo an array. The logic for the loop could be
pscudo-coded as follows:

Loop from start of szTemp until the full length of the string is processed.
Determine if current char in szTemp is an even multiple of 3 from
the cnd of the string.
If true, assign a separator char to the next location in szFormatted
Assign the next char from szTemp Lo the next location in szFormatted
End of loop
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Three integers and a small characier array are given within BuildNumeric.
iFormat is used 1o index the szFormatted dala member as characters are
assigned to that string. i Temp indexes into the char array, szTemp. iLen is set
to the length of szTemp and uscd as a counter/index for a loop that transfers
digits and commas ini¢ szFormatted.

No currency displays begin with a separator. As a stalement prior to the loop, you
may want (o assign the first character from szTemp into the next location in
szFormatted. Be sure 10 advance iTemp and iFormat as characlers are
assigned from one siring (o another,

For most currencies, the separators occur every 3 digits. You may want 1o usc the
modulus operator, %, (o test for a third occurrence. Your loop should start at the
beginning of the szTemp string and advance through all characters, incrementing
iTemp and iFormat and decrementing ilLen. Either the value iLen or the null-
characler in szTemp will be a stopping point.

Step 3

Begin within BuildNumeric. Assign the currency symbol that is approprialc for
your currency [0 the szFormatted siring. If the currency symbol occurs after
the amount, place your assignment at the bottom of this function.

Step 4

The 1Dollars amount is a long. Convert the value of 1Dollars into a string
using the szTemp character array provided. and base 10. Depending on the
function you use, you may havc to add an #include 10 this file,

One recommended solution is the ANSI 1toa function in the <stdlib. h> file.

Step §

The location of the cumrency separator characters depends upon the length (iLen)
of the character string in szFormatted.

Determine the length of szTemp and save the value in iLen.

Step 6

Loop through szTemp, adding characters and commas to the szFormatted
string as heeded.

For most currencies, the separalors occur every 3 digits. If you want to test for 2
third occurence, you could usc the moduius operator, %. Typically, cvery
iteration of the loop should 1ake a character from szTemp 10 szFormatted.
Whenever the remaining characters in szTemp amount to an even multiple of”
three, also add the currency separator character.

Step 7

Assign the decimal separator inlo szFormatted.

'
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Step 8

The cents display has been disappointing. When the cents amount is less than 10,
the cent amount has appeared where the “tens™ amount should appear,

1. Convert the value of nCent s to the string szTemp. Refer 10 Step 4, if needed.

2. Insert a condittonal statement to ensurc that a leading zero appears when
needed. Your application must clearly differentiate between .50 and .05.

3. Assign the appropriate characters from szTemp 0 szFormatted.

Step 9

The dala member szFormatted holds all the visible characters. Add the final
character that makes it a safe string variable,

Step 10
Build. execute, and test your application before continuing to Exercise 2. Close
any open files, and closc the MONEY.MAK project before continuing.

Exercise 2 (Optional)
Writing a Simple String-Handling Function

Scenario

The Purchasing group reordered forms and envelopes for their purchase orders.
Thesc new envelopes have an address window that is 15% smaller than standard.
The address area in the reprinted forms is 20% smaller than in previous versions,
They 've requesied new functionality that truncates a given string to accommodate
strings to a given length.

You realize that this is not likely to be a one-time fix. You decide to build a small
class and-sample program that prompits the user for a sring and a number. One
function, Left St ring, will return the leftmost “number” or characters from the
string.

A skeleton application, LEFT.CPP, exists in the \STUDENT\LAB 12
subdirectory. It contains a class, MySt ring, and a main to test the member
functions.

Step 1

Locate the skeleton class, MyString.

Within the member function, MyReadSt ring, wrile a statement that gcts up to
iLen (- 1) characters from the uscr.

Step 2

Within the LeftSt ring member function, write the loop that copies characters
from argument 1, szSource, 10 argument 2, szDest. Your loop should be
carcful not 1o copy beyond the end of the source siring, and should not exceed the
size of the destination siring.
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Summary

Step 3

Append a null character after the last character to return a clean string.

Step 4

Within main, previous lincs have prompted the user for a string and then read
thosc characters. Complete the conditional statement provided to determine
whether any characiers were entered.

Step 5

Build, cxecute, and test your application.

This objective Was met by...

Manage character manipulations using Exercisc 1, Steps 3,5, 6. and 7
arrays and subscript notation

Convert numeric data types to characler Excreise 1, Step 4

strings

Writc portions of a siring-handling Exercise 2, Sieps 1, 2, and 3

function

It



Lab 13: Pointers and Arrays of
Pointers

Obijective

At the end of this lab, you will be able to use pointers to perform string-parsing.

Scenario

You’re very pleased with changes to the moncy display routines, You realize that
one more variation will satisfy most of the future nceds. What's missing? (Hint:
Try to print a check.) Class Money still lacks a formatied alpha or siring output
that is typically used to print checks.

Estimated time to complete this lab: 30 minutes
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Exercise 1

Using Pointers

A project .MAK file exists in the \STUDENT\LAB13 subdircctory. After closing
any open files or projects, open the TESTMONY .MAK project.

TESTMONY.MAK builds TESTMONY.EXE by compiling TESTMONY.CPP
and MONEY .CPP using MONEY.H. This application is stmilar to the final lab
from the previous module, with the addition of a dispiay function to print
monetary amounts using a string format.

This version won't run cormrectly because the main in TESTMONY.CPP is coded
10 call a Money member function, DisplayAlpha, in MONEY.CPP, That
{unction has statements missing. One last detail—n the interests of fiscal
responsibility—— this version of DisplayAlpha will only dispiay amounts less
than 81 billion.

Step 1
Open the file MONEY .H. Examine the class Money. It has changed two ways:
» The conditional in DisplayNumeric has changed.

s A new member funclion, DisplayAlpha, is in ¢lass Money and contains a
similar conditional.

Examine these conditional statemcents. The objeclive is o only build the numeric
formatted siring or alpha formatted string when needed. If cither display type is
presentcd, it tries to avoid building the same string again.

Modify those conditionals if that is required for your currency.

Step 2

The aipha formatled string requires more characters. Increase the dimension of
szFormatted 10 180 bytes.

Step 3

Class Money has threc new member functions. BuildAlpha is equivalent to
BuildNumeric, no arguments, no r¢turn value. HundredsTensOnes gencrates
words for numeric values and takes one long data type as an argument. The third
function is.StringCat. [t takes two character pomters as arguments.

Add prototypes for those three functions.
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Summary

Step 4

Open the file MONEY.CPP. This file contains the growing coliection of non-
inlined member functions that support the Money class. There arc numerous
helper routines and data definitions added to MONEY.CPP.

Three arrays of strings have been declared and initialized:

char* szCnes([10) = { "Zero", "One",
char* szTeens([10]) = ( "Ten", "Eleven", .
char* szTens([10] = { "“?", "Ten", “"Twenty",

They arc global, so only one copy of those sirings will be in our application,
regardless of the number of objects.

Locate the definition for the DisplayAlpha function. It has full access to
Money data members. Read through the function 1o become famitiar with the
processing that's given. Trace the logic into the HundredsTensOnes function.

You've likely encountered four blank lines within the comments: TODO #4,
Good guess! In cach of these arcas, a digit position from the 1Dollars amount
has been identificd. That digit will index into an array of swrings 10 output the
correct string on the screen.

There arc numerous exampies in the previous lines and several good clues in the
program comments that detail what needs to happen. Complete those four
slatcmentls,

Step §
At the bottom of the MONEY.CPP file is the skelcton of a function, St ringCat.
You prototyped it earlier. You'll write the function now.

Your solution should advance the pointer pSt rl until a NULL character is
located. With pStr1 positioncd on the NULL, loop through both poinicrs,
concatenating the contents of pSt r2 onto pSt 1l until the NULL from pStr2 is
wransferred.

Step 6

When you've completed the changes, use Build TESTMONY EXE. Then use
Run 1o test your application,

This objective Was met by...

Use pointers (o perform siring-parsing Step 5

7,



[Lab 14:

Using Commercially

Available Classes

Objective

At the end of this lab, you will be able to:
x  Create objeclé using a commercially available class.
s Usec operators to manipulate objects.

s Use member functions from a commercially available class.

Scenario

The money display routines work very well. The CString class is intriguing. The
codc appears clearer and would be casier 10 maintain. You decide to revisit the
class Money to modify the alpha or string output used to print checks.

Estimated time to complete this lab: 30 minutes
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Exercise 1
Parsing Strings with the CString Class

A project :MAK file exists in the \STUDENT\LAB 14 subdircclory. After closing
any open files or projects, open the project MONEY MAK. MONEY.MAK builds
MONEY .EXE by compiling TESTMONY .CPP and MONEY .CPP using

MONEY H. This version would run right now—it’s identical to the solution from
the previous lab.

This iwo-part exercise modifics the application to use 4 CSiring object rather than
szFormatted[180]. Initially, the operators offered with CSuring arc used. The
buffer-access member functions with CString may be used in the later half of the
exercise.

Step 1
Using project MONEY .MAK, open the file MONEY.H.
It will include a CSt ring object named strFme. Add the statements o include t .

MFC collection classes in a QuickWin application. These statements were
inroduced in the “stanuc™ module and supplied in Lab 8.

Step 2
Examine the class Money. It must be changed four ways:
s The conditional statement int Displayalpha must determine whether the

CString object, st cFmt, is empty. Use Help for a list of CSt ring member
functions.

s The cout staiementin DisplayAlpha should be changed to ocutpul an abject
named st rFme.

s A new data member, st rFmt, should be declared as a CSt ring object.

s The StringCat member funciion will not be needed. Delete the prototype
statement.

Step 3

Open the filc MONEY.CPP. This {ile contains the growing collection of non-
inlined member functions that support the Money class. There are numerous helper
routines and data definitions added 10 MONEY.CPP.

Note Do not change BuildNumeric unul Step 8.

Three asrays of strings are still there.

Locate the definition for the BuildAlpha function. It has full access to Money
data members. Locate the line that assigns the NULL character 10 szFormatted.
That line should assign an cmply string 10 st cFmt.

Step 4

Read through the rest of the function. It shows a dozen or more locations where the
local St ringCat function is invoked. All of those calls should change 10 operator
+= concatenation of the words onto the cxisting st rFmt string.
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Hint Use the Editor option to find the St ringCat function. Notice that the Find
window now lists the function name as the last search string. You can casily repeat
the previous find by double-clicking the Find window; selecting a word in the Find
window, and pressing ENTER; or pressing F3.

Step 5

At the bottom of the MONEY.CPP file, you'll find the function St ringCat.
Comment or delete those lincs.

Step 6

When you've completed the changes, use Build TESTMONY . EXE 10 test your
application.

Note The following steps arc optional. They are presented to show you the power
of working with a well-designed class. The BuildNumeri.c function works
satisfactorily as it is currently coded.

As an exercise to investigate the buffer-zceess member functions in CSt ring, the
following steps wiil lead you through a rewrite of BuildNumeric. These steps
may be completed if time permits,

Step 7

Within the file MONEY.H, cxamine the class Money. It must be changed four
ways:

» The conditional siatement in DisplayNumeric must determine whether a
CString object, st riNbr, is empiy.

s The cout stalement in DisplayNumeric should be changed 1o cutput an
. object named st rNbr.

a The character array szFormat ted will no longer be nceded. A second CSuing
object, st rNbr, should be created and initialized to 20 spaces (* *).

» The Money class constructors need to change. Currently, cach sets a NULL
character into szFormatted clement 0. In the declaration and construction of
the CString objects, the appropriatc action is performed. Remove the slatements
from the constructors that deal with szFormatted.

Step 8

Within the MONEY .CPP file, locate the definition for the BuildNumeric
function. It has full access to Money data members. Locate the line that assigns the
currency symbol {0 szFormatted.

The line should set a currency character at position 0 of st rNbr object. Help
describes the Set At member function.

Step 9
Read through the rest of the Bui 1dNume ric function. There arc numerous places

where characters were assigned (0 szFormatted. Those locations should be
changed to set characiers into the st tNbr object.

/s



66 Lab 14: Using Commerclally Avallable Classes

Step 10

When you've completed the changes, use Build TESTMONY .EXE 1o test your

application.
Summary
This objective Was met by...
Create objects using a commercially ) Sieps2and 7
available class
Use operators to manipulate objects Steps 3 and 4
Use member functions in a commercially Steps 2,3,4,7,8and 9

available class



Lab 15;

Formatting and File I/O

Objective

At the end of this lab, you will bd able to:

a  Add file /O member functions to a class.
» Open, read, write, and close data files.

Scenario

Your development team has returned with newer versions of the building blocks for
the inventory system. The new versions of the Date class and Money class have
new member functions that load from and store (o disk. Thesc funcuons take a
stream as an argument: Load takes an i fstreamand Store takes an
ofstream.

You'll revisit the Inventory application from earlicr modules and investigate file
input/output on an object with embedded objects. This version loads text Inventory
data from disk, lists an inventory report, and stores binary Inventory data o another
disk file.

Estimated time to complete this iab: 30 minutes
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Exercise 1

C.asses That Load and Store Data

A project MAK file cxists in the \STUDENTNLABI S subdirectory. After closing
any open files or projects, open the project INVENTRY MAK.

‘This project builds INVENTR Y.EXE by compiling INVENTRY.CPP. it has four
classes: Date and Money have the updated Load and Store functions, but
ParcIDand Inventory still nced that functionality.

Step 1 .

1. Locate the class Money. Notice that it has new Load and Store member
functions. The Money class has all the code 10 save and restore its member data.
{Each class should be sclf-contained.)

2. Locate the class Date. Examinc its cxisting Load and Store functions,
3. Locate the class Pact ID.
4. Add Load and Store functions to the Part ID class.

Step 2

Locate the class Inventory. The Inventory class “knows™ about the embedded
classes. Your solutions 10 Load and Store should handie the Inventory-specific
data member, m_nQuantity, then invoke the Load and Store functions for cach
embedded object. Be sure to have your functions deal with each object in identical
order!

The previous Load and Store functions simply tested the stream 1o determine
whether it was “not bad.” During input-stream processing, the stream may be valid,
but it may be at the end-of-file marker. Therefore, the Inventory Load function
should also check whether the input strcam is “good” after altempling to read the
m_nQuant ity valuc. If the sircam is not good, the Load function should return a
zero value to indicate therc was not another iicm o load.

Hint Refer 10 the module topic “Tesling for Success” 1o sce an example.

Add Load and Store funclions to this class.

Step 3

Locate the ma in function. Declare an Inventory object named iItem

Step 4

A text disk file named INVENTRY .DAT exists for input. Using the 1fstream
construclor, open ifi e as the file stream for inpul.

Step 5
The Store functions will update a binary file, INVENTRY.BIN.

1. For a variation, create an o £ st ream object named oF i e, using the defaull
constructor.
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Ssummary

2. As another statement, use the o £st ream open member function to open the
stream INVENTRY .BIN for binary mode.

Step 6

A skelcton while loop exists. You need 10 complete the while condition such that
the Inventory Load function is invoked. The loop should continuc unless Load
retums a non-zero value.

Step 7

Build, exccute, and test your application.

This objective - Was met by...
Add file [/O member functions to a class Sieps 1, 2and 3
Open, read, write, and close data files Steps4,5and 6

1



Lab 16:

Dynamic Memory

Objective

Al the end of Lhis lab, you will be able 10 usc the new and delete operators.

Scenario

Remember that Date class? I's simple, it’s current, but it's not able o display ali
the ways your users want t0 use dates. Yes, it does handle M/D/Y, D-M-Y, and
may have another customized display you added. But the users report that
occasionally a wransposition error occurs. For example, an order nceded by March
4, 1995 was scheduled for 4/3/1995.

The ability to display a date as a siring (Weckday, Month, D#, Y###) would be a
visual input-confirmation for the users. It would add one more variation 10 satisfy
most future needs. Class Date could supply cutput typically prinied on business
correspondence (such as follow-up fetters 1o find missing part orders).

Estimated time to complete this lab: 45 minutes .

i
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Exercise 1

Building Strings in the Heap

A project MAK file exists in the \STUDENT\LAB 16 subdircctory. After closing
any open files or projects, open the project DATE.MAK.

DATE.MAK builds DATE.EXE by compiling TESTDATE.CPP and DATE.CPP
using DATE.H. This application is similar to the final lab from the previous
module, with the addition of a Display funclion (o print dates using onc of the
formats depicted above.

This version won’t run right now because main in TESTDATE.CPP is coded 10
call a Date member function, DisplayAlpha, That function is incomplete.

Step 1

Open the file DATE.H. Examine the class Date. It now has portions of a new
member function, DisplayAlpha. The function should display the return from the
function BuildAlphaDate. BuildAlphaDate creates a new arca in mermory,
builds a string containing the day of week and the month name, and retums a
poinier to that area. This DisplayAlpha function should receive the pointer,
display the value, and frec the memory created by BuildAlphaDate.

Within class Date, add a prototype for the function BuildAlphaDate. It should
lake no arguments and retum a char *.

Step 2
1. Locate the function DisplayAlpha.
2. Declare a local character pointer, cpDayMorth.

Step 3

Invoke a call to BuildAlphaDate and receive the return vaiue in cpDayMonth.

Step 4

Display the contents the dynamic area pointed at by cpDayMonth.

Step 5

The dynamic memory is no longer needed. Release it.

Step 6

Open the file DATE.CPP. It has the code for several member functions you created
in earlier labs.

Exarnine the two character arrays: Day and Month. They hold the names of the
days of the week and the month names. You may modify those strings to fit the
reporting standards for your corporation.
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Step 7

Locate the BuildAlphaDate member function. It returns a character pointer for
the date, day of weck, and month. The general format for the text output is “day-of-
week, month DD, YYYY" where DD is the day-of-the-month digits and YYYY is
the year,

Within BuildAlphaDate, declare and initialize a pointer variable,
cpAlphaDate, 1o have 40 bytcs of dynamic memory on the heap.

Step 8

Create a temporary pointer, cpTemp, initialized 1o the same memory arca as
cpAlphaDate.

Step 9

The dynamic area exists. You have an itialized, temporary pointer (o work with.
After Step 7, the existing lines have determined which day of the week shouid be
loaded. It is element tmToday . tm_wday + 1.

(Optionally, you may declare a temporary variable, int iWDay, and use iWDay
in this siep.)

Write the statement(s) to copy the characters from the above clemcnt of the Day
character array at the location in the heap area held by the temporary pointer,
cpTemp.

Step 10
Build, execute, and test your application before continuing to Exercisc 2.

Be sure to close all projects and files before you proceed.

If Time Permits...

Exercise 2

Fun Managing Memory

—

Scenario

To investigate dynamic memory allocations, you decide to create a guessing game
to exercise new and delete opcrators.

For fun, no fees, this game allows the player 10 attempts to gucss a random number.
If successful, the player “wins” 10 points. If unsuccess{ul, the playcr is allowed (o
continue the game, and has up 10 10 more guesses with a chance o win an cver-
decrementing prize of 10, 9, 8, ... points for guesses 11 through 20. The game
terminates after 20 attemplts.

During play, the game saves cach guess so Lhat it can play back all gucsses at the
end of the game. Initiaily, the acray has 10 locations. After ten guesses and a _
confirmation to continue, the array is resized (o accommodate 20 gucsses. (The [irst

- 1en guesses must be copied into the “new” larger array.)

2t
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Summary

As each guess is accepted. the game will report whether the user’s guess was (00
high or 100 low.

After 20 attempts have teen exhausted, or the user correctly guesses the random
number, a complete list of all guesses is displayed.

An incompicte source file, GUESSER.CPP, cxists in the \STUDENT\LAB16
subdirectory.

Step 1

Class Guesser includes a private inieger pointer, ipGuess.

Within the constructor, create a new array with room for 10 integer gucsses. Your
solution must also check for errors 1o ensure dynamic memory cxists for the array.

Step 2

Within the Guesser destructor, called after the game is over, relcasce Lhe dynamic
memory from Step 1.

Step 3

The original allocation in Step 1 allowed room for 10 guesses. The user has decided
to play for up to 20 guesses.

Make the new allocalion. Again, your solution must check for errors.
Step 4

The new allocation exists. Copy the first 10 guesses from the old array into the new
array.

Step 5

The first 10 guesses (the old array) are no longer needed. Release that dynamic area
1o the free store.

Step 6

The user has aitempted a guess, m_nUserGue ss. Save that value to the end of the
other guesses at ipGuess. Consider using [m_nNumberOfTries] and
incrementing the number of tries.

Step 7

Build, execute, and test your application.

This objective Was met by...

Use the new and delete operators Exercise 1, Steps 2, 5, and 10;
Exercise 2, Steps | and 2.
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Creating Conversions

Objective

At the end of Lhis lab, you will be able to:

= Create and use type casting.

n Creale copy constructors and control conversions.

Scenario

The ability to create, set, get, and display Date objects in various formaits has given
the Date class a robust interface. That class does nearly everything you'd want to
do! What's missing?

How about the ability to add or compare two dates? Fundamentally, the Inventory
system needs 10 use the lead-time for an Inventory part when automatically
reordering Inventory. Adding conversions will complete our Date class.

A Julian date is a measure of clapsed time from a base date. Many operating
systems for personat computers use techniques such as the number of seconds
elapsed since January 1, 1980 to represent date and time values. The Inventory will
handle Julian dates as a number of days since 1/1/1972.

Estimated time to complete this lab: 45 minutes

T

LA
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Exercise 1

Building Strings in the Heap

A project .MAK file cxists in the \STUDENT\LAB17 subdirectory. After closing
any open files or projects, open the project DATE.MAK.

DATE.MAK builds DATE.EXE vy compiling TESTDATE.CPP and DATE.CPP
using DATE.H. This application is similar to the final lab from the previous
module, with the addition of a conversion constructor and a casting operator. These
two features allow the Dace object 10 be created from a single number, and they
allow dales 1o be converted to the long data type.

This version won't run right now because the main in TESTDATE.CPP is coded to
create, subtract, and convert various dalcs.

Step 1
1. Open the file TESTDATE.CPP. Examine the new lincs within main.

2. Open the file DATE.H. Locate and examine the class bate. It needs a prolotype
for a conversion constructor that takes a reference (0 a Long data lype as an

argument.
3. Add the prototype for the new constructor.

Step 2
I. Within the class definition, locate the incomplete prototype for an operator.

2. Complete the prototype for an opcrator to convert a const dale object 10 a
longdata type.

Step 3

1. Open the file DATE.CPP. Locate and examine two character arrays: Day and
Month.

2. Modify those character strings as necded to meet corporate standards for date
displays.

Step 4

Locate and examine the body of the new conversion constructor. It is coded 10
process a series of loops, decrementing the argument 1Days, (a Long data type)
and assigning values to the datc members of the Date class (actually to the new
date object). Complete the formal definition of this converston constructor.

Step 5

Locate and examine the body of the new cast operator. [t calculaies and retums a
tong data type representing the number of days since 1/1/1972. As coded, the
function is accurate for more than 100 centurics. You may medily it as nceded for
your corporate standards. Complete the formal definition of this conversion
operator.
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Summary

Step 6

Build, execute, and test your application.

This objective Was met by...
Create and Use type casting Excrcise 1, Steps 1, 2, and 5.
Create copy constructors and control Excrcise 1, Steps 2,3, 4, and §.

CONVErSions.
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Prefix Meaning
Basic Lypes
f Flag
ch Character (no implicit sizc)
sz Zero-lerminated char *
fn Function
Y Void
n Number (no implicit size)
b Byte
w Word
1 Long
u Unsigned
fp Floating point (no implicit size)
Prefixes
P Pointer (don't use Ip, hp, np)
r Reference
rg Array or &array
i Index
c Count
d Diffcrence
h Handle
mp Map array
u Union
m_ Class member
fr Bit flags
g Glebal
Standard Quaiifiers
Min First element in a set
Mic Current first ¢lement in a sct
First First clement in a set
Last Last clement in a set
Most Last element in a set
Lim Upper limit of clements in a sct
Mac Current upper limit of elements in a set,
Max Upper limit of elements in a sct
Nil Special illcgal value
Sav Temporary saved value
T Temporary valuc
Sre Source
Dst Destination



4

Appendix A: Hungarian Notation Table

Procedures
Delete, not Destroy or Free

Each word capitalized, including the first to
distinguish {rom variables.

Macros and defines

Macros that accept parameters are named
the same way as procedures. (use inlinc
functions) Macros for constants are named
the same way as variables. NULL, TRUE,
and FALSE are the only exceptions.

Structure names
struct Imagelnfo

Class names
class Ulmage : public CObject

Same as structure names but prefixed with
U (10 avoid name collisions with other
class libranes)

Window Lypcs
at

bm
bfh
bih

br

co

cs

cur

de

dis
dwp
elf
fix

fnt

gm

hk

icn

Ibr

If
ipal
Ipen
mis
menu
mf

mfp

ACCELTABLE
BITMAP
BITMAPFILEHEADER
BITMAPINFOHEADER
BRUSH

COLORREF
CREATESTRUCT
CURSOR

DC (Device Context)
DRAWITEMSTRUCT
DWP (DeferWindowPos)
ENUMLOGFONT
FIXED

FONT
GLYPHMETRICS
HOOK

ICON

INSTANCE
LOGBRUSH

LOGFONT
LOGPALETTE
LOGPEN
MEASUREITEMSTRUCT
MENU

METAFILE
METAFILEPICT
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mmi MINMAXINFO
mod MODULE

msg MSG

ntm NEWTEXTMETRIC
of OFSTRUCT
otm OUTLINETEXTMETRIC
ps PAINTSTRUCT
pal PALETTE

pe PALETTEENTRY
pan PANOSE

pen PEN

ptw POINT

fixpt POINTFX

rew RECT

rgn RGN (region)
rsre RSRC (resource)
sizw SZE

tm TEXTMETRIC
wp WINDOWPOS
wnd WND (window)
we WNDCLASS

fh HFILE

MFC types

Window Classes

wnd CWnd

wndf CFrameWnd
wndmf CMDIFrameWnd
wndmc CMDIChildWnd
dig CDialog

dlgm CModalDialog
btn CButton

cbe CComboBox
ede CEdu

I CListBox

she CScrollBar

stc CStatic

GDI Classes

de CcDC

dee CClieniDC

dem CMelaFileDC
dep CPainlDC

dew CWindowDC

<
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bm CBiumap

br CBrush

fnt CFont

pal CPalcie

pen CPcn

rgn CRgn

Other Classes

menu CMenu

pt CPoimt

rc CRect

siz CSize

File classes

fil CFile

film CMemFile

fils CStidioFile

Object 10

arch CArchive

dmpe CDumpContext
Exceptions

ex CExcepticn

exa CArchiveException
exf CFileException
exm CMemoryException
exns CNotSupporedException
exr CRescurceException
Collections

arb CByteArmay

ardw CDWordArray

aro CObArmmay

arp CPuAmay

ars CStringAmay

arw CWord Array

Iso | CObList

Isp CPurlList

Iss CSiringList

mppw CMapPurToWord
mppp CMapPuToPr
mpso CMapString ToOb
mpsp CMapSiringToPr
mpss CMapStringToString
mpwo CMapWordToOb
mpwp CMapWordToPr
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Misceilaneous support classes

5 CString
time CTime
dtime CTimeSpan
Utopia types

X

Y
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Operator Name or Meaning Associalivity
Scope Resolution None
Global Nonc
] Array Subscript Lefi to right
0 Function Call Left to right
0 Conversion None

Member selection - object Left o right

> Member selection - pointer  Left to right
++ Posufix increment None
* Posufix decrement None
new Allocale object Nene
delete . Deallocate object None
delete[] ’ Deallocate object ' None
++ Prefix increment None
- Prefix decrement None
» Dercference None
& Address-of None
+ Unary plus None
- Arithmetic negation None
! Logical NOT None
~ Bitwise Complement None
> Base Operator None
sizeof Sizc of object None
sizeof() ‘ Size of type None
(type) Type cast (conversion) Right to leh
R Apply pointer to class Left to right
member
->* Dereference pointer to class  Left to right
member
* Multiplication Left to right
! Division Left to right
%o Modulus Left to right
+ Addition Left to right
- Subiraction Left 1o right
<< Left shift Left o right
> Right shift Left to right
< Less than Left to right
> Greater than Left to right
<= Less than or cqual to Left toright
p Greater than or cqual to Left to right
== Equality Left to right
1= [nequality Left to nght

& Bitwise AND Left 1o right
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A Bitwisc cxclusive OR Left to nght
| Bitwisc OR Left to nght
&& Logical AND Left to right
elle2:e3 Condiuonal Lelt o night
= Assignmenl Right to keft
*= Muluplcation assignment Right 1o left
/= Division assignment Right 1o left
Go= Modulus assignment Right 1o left
+= Addition assignment Rightto left
-= Subtraction assignment Right to lefl
<<== Left-shefl assignment Right o lefl
>>== Right-shift assignment Rightioleft
&= Bitwisc AND assignment Right to left
|= Bitwisc inclusive OR Rightto lelt

assignment
A= Bitwisc cxclusive OR Right to feft

assignment

Comma Lelt wright
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Appendix C: Memory Management

The opics covered in this appendix are either advanced Lopics, or further
clucidatien of lopics introduced in the module on memory management:

[ How the Stack Works

[i.  Recursion

II. Memory Models and Segmentation
IV, Insufficient Memory Conditions

As you read through these sections, remember that many of the specilics arc
compiler- or operatng-system dependent.

“f
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How the Stack Works

The stack represents the data work areas for functions. As the name implies, it
grows and shrinks tn units just as a stack of plates docs. Each unit of growth or
shrinkage is called a stack frame. The siack frame represents the work arca for a
single invocation of a function. Inside an executing program, when a function is
invoked, a new stack frame for that function is allocated on the stack. When a
function returns, 1ts corresponding stack frame is discarded. Consider the following
source program and a picturc of the stack as it would appear at the indicated point
of execution:

Program Stack

vold swap{int, int):
main's RA
stack BP int main{}
frame { int x=5, y=10;
X <5>. swap(x,y):
— y <10> cout << x << " " << y;
— a <5> ' }
swap's b<10> void swap({int a, int b)
stack RA {
frame
BP +—8P
L lemp«<5>

////,, ’l/'/, Y

./.

&L

Two functions are active at this point: main and swap. The ma in function invoked
swap, and swap is currently cxecuting. Each stack frame has four portions: a
passed argument portion (ma in has no arguments, but swap does), an RA slot, a
BP slot, and an automatic variable portion. RA stands for retum address. It holds
the address of the instruction to ¢xecute after the current function retums. BP siands
for base pointer. It acts as an anchor point in the current stack frame and points
back 10 previous stack frames. (If a function accidentally overwrites the BP or RA
area—by writing past the end of a local array, for example —the results will
normally be disastrous.) SP, the 80x86 register “variabie,” always points to the lop
of the stack (lowest used memory); the register vanable, BP, points to the current
stack’s BP slot.

Because swap was coded as call-by-value, only the values of x and y are copicd 0
the formal arguments a and b, respectively. The valuc-swapping of a and b do not,
therefore, affect x and y. Had swap been coded directly using call-by-reference or
simulated by passing pointers and using dereference, the a and b would contain the
addresses of x and y, respectively. When the swap function returns, SP will be
moved (0 point to the bottom of the main stack frame, effectively discarding the old
stack frame for swap.

Remember that the stack physically sits above the static area of the data scgment.
By default, the 16-bit Microsofl compiler adds a small bit of code 1o a program that
checks al run-time to determine whether a new stack frame wiil overrun the end of
the allocated stack region. This stack-checking functionality can be disabled by the
/Gs command line switch, or through Visual C++ menus. (From the Oplions menu,
choose the Project command, then the Compiler button. Clear the Disable Stack
Checking box.) Stack-checking is enabled in Visual C++ Development System for
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Windows and Windows NT by the /Ge option. Under Windows NT, it is difficult
10 overflow the stack since its default size is 1 MB RAM, and the stack can even
usc virtual memory to grow as required.

If there is a retum value from the function, a Visual C++-based program will send
the value back using one of the following mecharusms:

a [f the retun value is onc or two byies, it is retumned in the AX register.

a [f the retum value is three or four bytes, it is returned in the AX/DX register
pair.

s [f the return value is greater than four bytes, it is returned in a special area, and
a pointer 1o it is piaced in AX (ncar) or AX/DX register pair.

O
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Recursion

Because C++ is a stack-based . wizuage, it is able (0 support a special type of
function invocation called recursion. A function invocation is recursive if it directly
or indircctly calls itself. In a recursive siluation, there will be muliiple instances of a
function’s stack frame appearing on the stack at the same time. As an example,
consider the sequence below.

The initial execution of main:

Stack
. f_ RA int main ()
main's ( .Ant ncount =0. . . ... .
stack BpP 18P . goutid<ineount << endl sl
frame ncount++;
main () ;
}
QuTPUT

S

The next staternent will increment ncount to 1. -

» fourth statement in main is

uny " tnvokes the current function main, ang :s therefore dircctly recursive.
Bec. - this call, a new stack frame {or main is created, control jumps (o the
firste. . .:able statement in main, and we output the value of the local vaniable

ncounc:

This represents the second invocation of main:

- Stack
 — A int main{()
main's U ARk 0eount. =00 o o
;:.lac:k 8P ﬂéﬁ éﬁgﬁﬁg@fﬂé‘ w dYz;
rame ncouneg++;
L ncount<i> main{};
main's | - RA }
?rtg% _ BP 18P OUTPUT
me L ncount<0>

/f/:?
/;,

o

o
ik

"
.

g

: This local variable ncount is a completely different variable that exists in a
different -.i.ck frame. Again, the local variable will be incremented, and again

" main wiil pe invoked, and sc on. Here the direct recursion is infinite and will

inevitably use up the program’s stack. Recursion is normally controlled through a
conditional call, perhaps using local static variables.

Recursion is a powerful programming tool that - ssential in many advanced
programming situations such as inscrtions and ¢ . _:ons on compiicated, tree-like
data structures. It is also uscful in many other siiva.0ns where the simple iterative
solution is not obvious. The example above shouid be considered rivial.
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Memory Models and Segmentation

[BM-compatbie PCs use the Intcle 80x86-compauble series of CPUs. The original
8038/86 version of this chip had an archutecture based on [6-bit words. Standard
pointers were also 16 bits widc; in addition, a wider 20-bit version was supported.
The shorter, so-catled near pointers, support memory ranges up 10 64K in size,
whereas far pointers cover 1 MB.,

These pointers’ sizes had a direct cffect on MS-DOS programs, forcing writers 1o
select a specific memory model using a specific segmentation scheme:

memeory model max code max data |
tiny 64K combined sizes-------
small 64K 64K
medium 64K IMB
compact IMB 64K

large IMB IMB
huge IMB IMB

The tiny model is a primitive onge that was modeled afier CPM operaling system
programs. As a rcsult, it generates programs with a .COM file extension. Although
the larger memory models allow maximum code and/or data-size to be up to 1 MB,
most limit each unit (function or variable) 10 a size of 64K or less. Only the huge
model supports variables (usually arrays} up to | MB. However, the huge memory
model is rarely used because of its inherent slowness.

The sizes in the lable are theoretical limits [or 16-bit operating sysicms. MS-DOS
further limits memory usc [0 a combined total of 640K. - ’

To complicate matters, most operating systems recognize two heaps: a near or locai
heap owned by your program, and a far or global heap owned by the operating
system (and that can be shared among programs). Fortunately, the new and delete
operators are implemented in such a way that the average programmer does not
have 10 be concerned about which heap the resources come from.

Sixteen-bit Windows also supports the small-through-huge memory modcls. Though
cach variable and function must be smaliler than 64K, the total program size is
incrcased o a total of 16 MB in the medium-through-large memory models. Again,
huge supports arrays larger than 64K.

Newer versions of the Intel chips, such as the Intel386™, Intcl486™, and the
Pentium™, do have a 32-bit mode. Normally, only 32-bil operating systems such as
Windows NT can be run in this modc, however. Programs written for these newer
operating systems have pointers that cover a 4 GB range, s0 most programs Lrcat

. memory as a flat field with no scgmentation—and thus no memory models. [n
theory, a Windows NT program can grow (o be 64 téqabylcs’ by using virtual
memory. v v ‘
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Insufficient Memory Conditions

When a 16-bit program is loaded into RAM memory, the subareas of the data
segment are allocated using the following scheme:

The SDA is of fixed size. That size, which is determined by the linker, is
calculated by adding up the sizc required by all the static and extern variables,
and all string litcrals.

The stack has a default size of 2. It can be adjusied at link time by using the
command-line option /ST:ann or by using the menus. (From the Options menu,
choose Project. Then choose the Linker button and select the Mcemory Image
option under category.) In addition, the Exchdr utility can be used to adjust the
stack size of an cxisting program.

'_.Thc remaining memory is the size of the local heap.

_The global heap is the memory remaining afler the operating system allocales

" memory for all the running processes and reserve memory areas.

The Visual C++ Development System for Windows 2nd Windows NT uses a
related (but more powerful) scheme for suballocation:

X Azgain,'thle SDA is of fixed size.

The stack has a default size of 1 MB. L, 100, can be statically adjusted or can be

sset 1o grow dynamically by using virtual inemory. (From the Options menu,

choose Project. Choose the Linker button. Under Image Autributes, select the
Stack Allecations option.)

The heap is unconstrained to grow until maximum program-sizc is attained.

In a larger project on a 16-bit operating system, it is common to run into low-
- memory conditions. Although there are many complicating factors, the following
troubleshooting chart may be helpful:

Area | Low Mem Indication Possible Solutions

1) Dynamically free unneeded memory.
Heap new returns NULL | 2} Use larger memory model.
3) Use both local and global heaps.

1} run-time error: 1) Set larger stack size.
Stack | Stackoverfiow. 2) Change local arrays to static or extern.
2) GP faultorcrash | oy | imit recursive function calls.

1) Use a larger memary model.
compile time out of . .
SDA memory condition 2) Dynamically alloca'te .merrtory instead.
3) Store information in files instead.

Code compile ime out of Use a larger memory model (compact
memaory condition or large).
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In memory-constraint conditions, memory oplimization often involves radeoffs
between the different subareas. When maximum limits need to be exceeded,
programs often must resort to unusual 2nd nonstandard measures, such as:

s Expanded (EMS), Exiended (XMS), and Virtual Memory Libraries: These
replacement libraries allow you to dynamically allocate data from memory
above the 1-MB MS-DOS limit. The MS _[malloc package represents this
calegory.

s Overlaid Programs Thesc build (usually code only) automatic swapping-to-disk
into the program. -

» P-code: This reduces [ile-size by replacing native machine instructions with
smaller “virtual machinc” instructions that arc quickly interpreted at run-time.

s DOS Exlendcers: These allow 24- and 32-bit programs to run under MS-DOS by
acting as an intermediary between MS-DOS and the program. DPMI is an MS-
DOS cxtender that is built into 16-bit Windows.

s Win32s™ API: This allows 32-bit programming under mc lﬁ-bu Windows
programming environment. The s indicatcs that this mtcrfacc APl is a subset of
the full Win32e API found in Wmdows NT. . S

f - b T

Finally, one of the ea51est soluuons lo mcmory woes is (o port the program o a

bigger operating system such as 32-bit Windows NT. Win32 programs have an

inherent 4GB-RAM maximum, and through the usc of virtual memory, this
maximum incrcascs 10 64 terabytes. Most convcmcmly. mcmory constraints and
complications usually don’t need (o be COﬂSldCde
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2. Reading List

C++ Language Resources

The C Programming Language, Second (ANST) Edition, by Brian W. Kernigham
and Dennis M. Ritchie. Prentice-Hall, 1988.

Reference on the language by the original authors. Very succinct, pithy, style
not meant as a tutorial. Superseded as the language definition by the ANSI
X3J11 C Language Commitice specification.

The Annotated Reference Manual, by Bjame Stroustrup and Margareil Ellis,
Addison-Wesley, 1990. Hardcover,

Nicknamed the “ARM", this is the de faclo specification on the language
until the ANSI X3J16 commilttee issucs its spec. Very technical and detailed
manual on the C++ Ianguagc but does not cover iostreams, the only actual
C++ library.

The C++ Programmmmg Language, sccond edition, by Stroustrup. Addison-
Weslcy, 1991,

The main portion is an advanced manual/miorial that is much more readable
than the ARM. The last portion is a condensed reference on the language.
More practical advice and coverage of related topics, such as iostreams.
Mixes in explanations of why things are done as they are in C4++.

C++ Primer, second cdition, by Stanley Lippman. Addison-Wesley, 1991,
One of the [irst and still onc of the best tutorial/reference manuals on Lthe
C++ language. Easicr paced than Stroustrup and Eilis.

Lzarm:ng C++,by T;)m Swan. SAMS Publishing, 1991.
A beginner’s tutorial on C/C++, it comes with an older MS-DOS small

memory model C++ compiler and a shareware editor. Good, inexpensive
introduction 1o C++ for the student or hobbyist.

A C++ Toolkit, by Jonathan Shapiro. Prentice Hall, 1991,

A nice, small, practical, hands-on book of object-oriented analysis and
design using C++, with a bunch of code examples.

C++ Strategies and Tactics, by Robert Murray. Addison-Wesley, 1993.

Intermediate to advanced, but highly readable and concise, guide to the C++
language and practical OOAD. Answers many why and how questions on
features of the language. Many small examples and pracucal threads o
improve your C++ implementations.

Effective C++: 50 Specific Ways to Improve Your Programs and Designs, by
Scott Meyers. Addison-Weslcy, 1992.

Linked discussion of advanced design and implementation topics in C++. The
book answers many of the natural questions that arise when a new C++
programmer starts writing non-trivial code.

C++ Programming Guidelines, by Plum and Saks. Plum Hali, 1991.
Coding conventions, style, and portability advice for the programmer and

team manager alike. Considered by many to be more complete and Iess rigid
than C Programming Guidelines by Plum.

~J
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Advanced C++ Programming S'vles and Idioms, by James Coplien. Addison-
Wesley, 1992, .

How to design and coc. :ner-order” abstractions in C++. For the
expericnced C++ progr  ..r who appreciates OO aesthetics.

An Introduction to Objeci-Or:  =d Programming in C++, by Budd. Addison-
Wesley, 1991,

. An introduction to the OOP paradigm, covering a number of languages,
including C++.

Object-Oriented Design with Applications, by Grady Booch. Benjamin &
Cummings, 1991.

One of the most highly regarded book on OOAD with cxamples in ADA,
Object Pascal, Small Talke, and C++.

Designing ObjecbOrienied Software, by Wirfs-Brock, Wilkerson & Wicner.
Prentice Hall, 1990.

Another highly regarded book on OOAD. Creator of CRC cards.
The Design of Everyday Things, by Donald Norman. Doubleday Currency.

Weall-written book on how Lo and how not 1o design real-world objects and
systems.

. Periodicals

C++ Report, published by SIGS, bimonthly, $4.95.

Most authoritative, up-to-date magazine on technical i1ssucs surrounding
. Ct. ’

Journal of Object-Oriented Programming (JOOP -. published by SIGS, bimonthly,
$9. ;o
High-level, academic review of currentiss..  "7d research inlobOPLs and
" technology. :
Object Magazine, published by SIGS bimonthly, . 0.

Readable news magazine, mixing industry ncws with technological articles.

| Other

- CompuServes forums comp.lang.c++ and comp.std.c++

’Ulsénix C++ Workshops and Confcrences

OOPSLA Conference Proceedings



