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Preface

This book was written when the authors, who are interested in programming
language concepts and systems and the teaching of them, wanted to investigate
C++ seriously, and also wanted to assist their colleagues in learning it easily
and well. This was in anticipation of a change in the introductory language
in the curriculum from Pascal to C++, during which many professors and ad-
vanced students would need to make the transition. Towards the latter goal,
the authors investigated a couple of books on the market that were allegedly
for the Pascal programmer wanting to learn C++. The experience was very in-
teresting and unsatisfactory, because although the book titles referred to Pascal
it was clear that the books were originally really written for C programmers.
This was obvious because words from C were used without definition, and C
ideas were assumed. Moreover, the authors were unable to find a book that
in fact took the expertise of the Pascal programmer and used that to teach the
important concepts in C++ (not C).

Moreover, as the authors began to learn C++ and read about it and think
about it, it became clear that C++ was an extension of procedural programming
and was structured along the model of the classic Structured Programming by
Dahl, Dijkstra, and Hoare. In Structured Programming the authors talk about
structured control in the first essay, about structured data types in the second,
and about classes and objects in the third; the first two ideas made their way into
Pascal, the third into SIMULA. In fact the “better C” part of C++ is more like Pas-
cal than the authors originally suspected, and the object-oriented part of C++ is
like SIMULA. The authors wrote a paper that explored this connection between
C++ and the origins of structured programming and that became Chapter 1 of
this book. The authors then wrote two technical reports that completely de-
scribed that part of C++ that covers Pascal. That was widely distributed among
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colleagues at our institution and others, was well received, and has become
Chapter 2. Chapter 3 was then developed to complete the conventional or struc-
tured part of C++, that is, those features not directly available in Pascal. Chapter
4 explains the big ideas in object-oriented programming including derivation
and polymorphism. Finally, the fifth chapter is a comprehensive look at tem-
plates that may not be found anywhere else in a comparably readable form.
Again the authors did a paper on templates that was widely distributed among
colleagues and that paper made its way into the book as Chapter 5.

In summary, the book provides an effective introduction to C++ for the Pas-
cal programmer. It does not assume knowledge of C. It does not teach how
to program, but assumes programming expertise and a certain amount of so-
phistication with programming language ideas. It is very useful for one who
wishes to make the transition from Pascal quickly and easily. The exercises ex-
tend the text, and new ideas are often presented in both the questions and the
answers. It is particularly for those Pascal students, teachers, and programmers
who urgently need to learn C++ in a timely way.

We wish to acknowledge our colleagues, many of whom used our materi-
als in preliminary form and gave us very helpful suggestions, corrections, and
recommendations. One among them, Dr. Mary Courtney, made a substantial
contribution in assisting in the identification of the subset that covers Pascal
for the purposes of teaching. Another, Dr. Carol Wolf, read everything in a
timely way and commented on it. We would also like to thank our students
with whom we used these materials; they gave us many useful insights.

In particular we would like to thank those who assisted us in preparing
the manuscript: Jeffrey Coffin, Amanda Markham, Margaret Privitello, Nancy
Treuer, and Xiaoyan Wang. Each of these individuals at different times and
in different ways went well beyond the call of duty in assisting us when we
needed that assistance most. More than anyone else, Jeannie Song tirelessly
helped us through three drafts of the manuscript as only someone who is an
excellent C++ programmer, skilled in proofreading and editorship from college
yearbook days, and a supremely agreeable and giving individual. Jeannie is a
special person, and we want to express our gratitude for everything she did.

Susan M. Merritt
Allen Stix
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C++ as Structured
Programming: An

Historical Perspective

1.0 Introduction

C++ can be learned as a structured object-oriented programming language, and
can be particularly well learned that way by the Pascal programmer.

To some, the phrase “structured object-oriented programming language” may
seem contradictory or inconsistent. There has been a good deal of discussion
around the notion that the object-oriented programming paradigm, or style,
will supersede the structured programming paradigm. This discussion assumes
that the two paradigms are mutually exclusive. This is a confusion, generated in
part by another assumption, that the SmallTalk programming language set the
standard for object-oriented programming. SmallTalk is a fine object-oriented
programming language that is somewhat LOGO-like and somewhat LISP-like;
it is not structured and has, in fact, characteristics of a functional programming
language. As a result, one can well learn SmallTalk from a LISP or other func-
tional programming language mindset. And one can well learn C++ from a
Pascal or other structured programming language mindset.

S. M. Merritt et al., Migrating From Pascal to C++

© Springer-Verlag New York, Inc. 1997
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C++ is also a fine object-oriented programming language that can be
viewed as Pascal-like, that is, structured. In Section 1.1, a serious exposition is
presented on the invention of structured programming by Dijkstra and Hoare
[1], and its continuing meaning. Pascal is shown to be the original realization
of structured programming, and the procedural subset of C++ is shown to be
structured in the same ways as Pascal. In this sense, it can be argued that Pascal
might be a better platform from which to learn C++ than C is. There are some
who claim that C++ is an object-oriented extension to C. From a programming
language perspective it is more compelling to understand the procedural sub-
set of C++ as a better C, as the inventor of C++, Bjarne Stroustrup, understands
it [4). It is better because like Pascal, it provides stronger type checking, as well
as other features that are Pascal-like (e. g., pass by reference, and the keyword
new for dynamic storage allocation), these are notationally more convenient
and provide for more reliability. To learn C++ as the structured language that
it is, experience with Pascal can be better than experience with C. C is no-
torious for the tricks and techniques that can support very low-level, hard to
understand programming, and that are not encouraged in C++ (although they
are supported).

But C++ is an object-oriented programming language. That means that it in-
cludes an extension of the notion of type to the notion of class. In the same way
that types are instantiated in variables in programs, classes are instantiated in
objects. Stroustrup calls his first step toward the development of C++ as having
added “Simula-like classes to C.” In Section 1.2 is a discussion of Simula-like
classes and their relationship to structured programming; a very concise de-
scription of what classes and objects are; and a brief discussion about what
functionality they provide.

Finally, in Section 1.3 is a “paradigm discussion.” Stroustrup argues that
a general-purpose programming language ought to and can support more
than one programming paradigm [4]. In fact, C++ can support structured pro-
gramming and object-oriented programming. (Stroustrup also points out that
between the two styles, one can also use C++ as an Ada-like language that
supports data abstraction without object-orientation.)

1.1 Structured Programming

The title of this section “Structured Programming” is intentionally chosen to
coincide with the title of the classic book Structured Programming by Dahl,
Dijkstra, and Hoare [1] that introduced the words and the meaning of “struc-
tured programming.” Here Pascal is shown to be the original realization of a
structured programming language and what that means. The procedural subset
of C++ is a structured programming language that is very similar to Pascal.
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History of Pascal as Structured Programming

Control Structures

In [7] Wirth indicates that early programming was essentially trickery that opti-
mized the running of certain algorithms on certain hardware. (This description
might, in fact, apply to some C programming.) The main problem to be solved
was the debugging of the trickery to eliminate mistakes. FORTRAN was a sig-
nificant step forward in that it was a tool that supported the systemization of
programming to some extent; FORTRAN was followed by ALGOL 60. Wirth
points out that ALGOL 60 extended to the level of statements what FORTRAN
had introduced in (arithmetic) expressions: structure.

But the notion of structure, or structured language, did not take hold un-
til Dijkstra first used the term structured programming, and with it introduced
a general intellectual approach to be used to tackle problems systematically.
In the preface to [9], Wirth attributes the initial outstanding contributions to
programming as an academic discipline to Dijkstra and Hoare. The theory
and terminology in “Notes on Structured Programming,” and “Notes on Data
Structuring,” both published in 1972 in Structured Programming (1] (but dis-
tributed earlier) were realized in the programming language Pascal, designed
by Niklaus Wirth between 1968 and 1970 and published in 1971 [5]. Although
more has been said about structured programming in the two decades since,
the fundamental concepts remain unchanged.

In Structured Programming, the concatenation, selection, and iteration
paradigms that have come to be understood as structured programming were
introduced. Concatenation simply refers to the structure of a program segment
that can be decomposed into sequential subsegments, such that the cumulative
effect of the subsegments equals the desired net effect of the segment. (Al-
though this paradigm is now generally referred to as sequential composition,
it was originally called concatenation by Dijkstra.)

In the case of selection, Dijkstra identified two constructs in addition to the
IF ... THEN statement of FORTRAN. One is the if. .. then.. . else that more
explicitly specifies both choices of a selection, and the other is the case-of,
originally given by Hoare, which provides a choice among more than two pos-
sibilities in a selection. With these additions, program segments for selection
can always be written so that there is a single entry to the “top” and a single
exit from the “bottom.” There is thus no need for jumps to labeled points; that
is, there is no need for goto statements.

In the case of iteration, two distinct loop structures were introduced in ad-
dition to the count-driven loop structure of FORTRAN, which is the for...do
in Pascal: the while . . . do loop and the repeat . . . until loop. With these
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Data Structures

additions, program segments for iteration can also be written without the goto
statement.

Dijkstra claimed that all programs could be written and understood in terms
of these three constructions: concatenation, selection, and iteration. The re-
sulting program decomposition became the basis of proofs of correctness,
thereby increasing the reliability of the programs. C++ provides all these control
structures.

Pascal C++

Concatenation: Concatenation is either represented by simple juxtaposition
of constructions, or by grouping constructions using the

following:

begin ... end { ...}
Selection: if ... then if ...

if ... then ... else if ... else

case ... of switch ... case
Iteration: while ... do while ...

repeat ... until do ... while

for ... do for ...

In Structured Programming [1], Hoare introduced the type definition and noted
the difference between types and variables. He proposed new kinds of types
that could be user-defined such as the symbolic scalar, subrange, generalized
array (with the domain of symbolic scalar types, e.g.), and records. These ideas
were realized in Pascal in which types can be defined explicitly by the pro-
grammer, and include enumerated types (symbolic scalar types), record types,
set types, and subrange types. C++ provides user-defined enumerated types
and record types (called structs, for structures). There are no subrange or set
types in C++ (and these are, in fact, rarely used in Pascal). In fact C++ extends
the notion of type to classes, which are discussed in Section 1.2.

The significance of type in structured programming goes well beyond the
particular types available. In Pascal, every variable is said to be of a certain
type, either built in or explicitly defined by the programmer. This provides in-
formation needed for program verification, which is always at least an implicit
goal of structured programming, as well as for efficient compilation. The type
of a variable determines suitable storage representation for a variable; it deter-
mines the set of operators applicable to a variable; and it excludes information
that cannot be determined from a simple textual scan. Pointers are associated
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with specific types and dynamic data structures are (mostly) homogeneous. In
fact, because of these characteristics, Pascal is understood to have static and
strong type checking.

C++ also has strong type checking. In his history of C++, Stroustrup [4] indi-
cates that work leading to the development of C++ began in 1979. At that time,
Stroustrup developed C With Classes (referring to Simula-like classes, which is
discussed in Section 1.3) and which he intended at first to be an extension to
the programming language C for expressing modularity and concurrency. Very
unlike C, however, the first implementation of C With Classes included static
type checking that resulted in stronger type checking. Stroustrup notes that for
him strong type checking was a “simple must” in C With Classes. Even stronger
type checking made its way into C++, which evolved from C With Classes in
1983.

There are small differences between Pascal and C++ with respect to typing.
For example, like Pascal, all variables must be declared in C++; unlike Pascal,
C++ allows types of variables to be declared anywhere up to and including their
first use; in addition, values may be assigned in type declarations. Like Pascal
(and very unlike C) pointers are associated with types, and dynamic data struc-
tures are (mostly) homogeneous. Also like Pascal, there is strict checking of
function parameter types and return types. Functions must always be declared
before use.

There are two extremely important discoveries here for the Pascal program-
mer. The first is that the strong typing mechanism of Pascal is essential to good
structured programming and C++ shares that typing mechanism. (Both Pascal,
with the variant record, and C++, with the union, have loopholes; these are
discussed in subsequent chapters.) The second is that although C++ is still per-
ceived by some to be an extension of C, it is instead a better C. For Pascal
programmers, it might be useful to think of C++ as a Pascal-like C. These dis-
coveries underline the implicit assumption of this book, that learning C++ from
a Pascal base is not only natural, but also can be preferable to learning C++
from a C base.

Other Characteristics of Structured Programming

Verification of Programs

An explicit goal of the development of the control structures and data struc-
tures described here is the development of programming into a systematic
methodology. The potential for verification is implicit. Verification rests upon
the restriction of control structures to concatenation, selection and iteration,
and the structuring and typing of data. C++ is like Pascal in that programs
can be written in both disciplines, and are thereby potentially verifiable. (Both
Pascal and C++ have the goto but it need not be used.) Although pointers are
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Stepwise Refinement

Block Structure

needed in C for such things as simulated pass by reference, they are not needed
in procedural C++ except for the building of dynamic data structures, in which
case they can be used exactly as pointers in Pascal.

In Structured Programming Dijkstra [1] begins with a model for programming
that he calls “stepwise program composition”: input, manipulation, and output.

Wirth presents Pascal [7,9] as a language useful for the “stepwise refinement”
approach to program construction that decomposes a problem in a top-down
way into abstract program segments that can, in turn, be decomposed into
successive layers. In general the Pascal procedure is used for program com-
position by stepwise refinement. Pascal also has a function, separate from the
procedure, which always returns a value.

Although C++ provides functions only, each with a return type, there is a
return type void that effectively and explicitly transforms a function into a pro-
cedure. Functions with return type void are used for program composition by
stepwise refinement. Like Pascal, C++ provides parameter passing by value
and by reference. (This is very different from C, which only provides parame-
ter passing by value.) There is another important message here: in the area of
parameter passing, C++ is more Pascal-like than it is C-like. C++ also extends
the notion of functions in various ways, which are also discussed in subsequent
chapters.

In Structured Programming, Dijkstra notes that a most significant contribution
of ALGOL 60 was the introduction of procedures (rather than FORTRAN sub-
routines) with local variables. There were some important implications here.
The first was the concept of scope, that is, the idea that not all variables are
accessible homogeneously throughout the program: local variables of a pro-
cedure, for example, may not be accessible outside the procedure body. The
second was the concept of recursion, that is, that a procedure can call itself.
Recursion is possible when local variables are “created” upon procedure entry
and “destroyed” upon exit, that is, when there is automatic control over the
lifetime of variables pertaining to a procedure incarnation that permits the use
of a stack.

Pascal has nested static scope, where procedures may be nested within other
procedures. Variables are local to the procedure in which they are declared,
which is the scope of the variable. Because blocks may be nested, so may
scopes. Items declared in the main program are global, and accessible through-
out the program [2]. Dijkstra notes that a shortcoming of “automatic” or local
variables is the inability to transmit information from one instantiation of a
procedure to another because of the automatic control of the lifetime of local
variables.

C++ also has static scope, but because functions cannot be declared within
other functions, there is no nesting. (Thus scope is a simpler issue than it is
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in Pascal.) Local variables are, in fact, called automatic and are only accessible
from within a function block, which constitutes the scope. Variables declared
within loop blocks are local to the loop. The main() function is handled exactly
as any other function, and therefore has its own local variables. Global variables
are external, declared outside any function in the program (that means outside
main( ), as well), and are accessible throughout the program. In C++ the no-
tions of scope and lifetime are separated (thus addressing Dijkstra’s concern)
with something called a static automatic variable. Whereas automatic variables
have a scope which is the function (or loop) block and a lifetime which is
the instantiation of the function (or loop), static variables have a scope which
is the same as the scope of an automatic variable, but a lifetime which is the
instantiation of the program.

Concluding Remarks on Structured Programming

Although there may be a large collection of meanings attributed to the term
“structured programming” all that is significant was originally proposed by Dijk-
stra and Hoare [1], realized in Pascal [5), and realized again in C++ [3]. In fact,
the final component of structure, which is presented in “Hierarchical Program
Structures” in Structured Programming, was not realized in Pascal, but is real-
ized in C++, and may make C++ more completely a structured programming
language than Pascal. This is discussed in Section 1.2,

1.2 Algorithms + Data Structures = Obijects

The title of this section is intentionally chosen to mimic the title of the first
textbook, Algorithms + Data Structures = Programs, by Wirth [9], that taught
structured programming using the then-new programming language Pascal.
The sense of the title of the book is that programs consist of verifiable algo-
rithms (according to Dijkstra) that operate on well-defined and verifiable data
structures (according to Hoare). In the third (and final) essay in Structured
Programming, “Hierarchical Program Structures,” the authors Dahl and Hoare
claim that data and operations (algorithms) on data are so closely connected in
our minds that it takes elements of both kinds to make up any concept useful
for understanding computing processes. In the essay they propose the concept
of a class, the instances of which are called objects.
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Classes and Objects for the Pascal Programmer

Pascal programmers are familiar with two basic abstraction mechanisms: pro-
cedural abstraction (procedures and functions) and data abstraction (built-in
data types and user-defined types). The class is a language abstraction mecha-
nism that allows the grouping of related procedure and data declarations. For
the Pascal programmer, a class is like a user-defined type in that it sets up a
pattern for data allocation but does not allocate; in this sense it is very similar
to the definition of a record type in Pascal. (C++ also includes a record type
called a structure.) A class is an extension of the notion of the type in that it
might also include one or more functions that operate on the data. An object
is an instantiation of a class, that is, an allocation of memory that follows the
data pattern given in the class; there may be many objects of a particular class.

Simply put, a class might be understood as a data structure with its own set
of procedures, or as a set of functions with their own data (that survive the
function calls and returns).

For example, here is the definition of a class called pair in C++.

class pair
{
private:
int a,b;
public:
display();
}:

This defines a class with a data structure consisting of two integers @ and b,
and a function display( ) that will output the pair when it is called. The label
private: hides the data from anywhere in the program except from the function
in the class (called the member function). The label public: allows the function
to be called from other parts of the program. Note that although display() may
access a and b, the lifetime of a and b are independent of a call to display( ).
A typical example of a class might, for example, be a stack of integers with
member functions push(x), pop(x), empty( ). The stack can then be accessed
only through its member functions.
Objects p and g of the class pair can be created with the statement:

pair p,q;

For p there is an allocation of storage for a and b; and for g there is a different
allocation of storage for @ and b. The function code is typically stored only
once. To apply the function to p or to g, a dot operator is used: p.display( ) or
q.display( ), respectively.

The introduction of a class immediately provides a data abstraction mech-
anism. There is the notion of encapsulation (the bundling of a data structure
with the functions that operate on it) and data hiding (data can be declared
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Simula-Like Classes

private and only accessible to the functions declared in the class). The intro-
duction of the simple class enables a style or paradigm of programming that
implements abstract data types.

The C++ classes and objects are adopted from Simula 67 which, in turn, real-
ized the “hierarchical program structures” proposed by Dahl and Hoare. Simula
is a general-purpose programming language, based upon ALGOL 60, that in-
cludes the concept of a class and the instantiation of the class called an object.
Although the class was originally inspired by the requirements of discrete sim-
ulations and concurrency (because the data in a class survive the function calls,
there can be several simultaneous instances of a class, or objects, “alive” at the
same time), it was later recognized as a general tool for designing large pro-
grams organized in levels of abstractions. The classes in Simula 67 provided the
conceptual basis for data abstraction mechanisms in languages such as Con-
current Pascal, Clu, Euclid, Modula, and Ada. But none of these languages fully
implemented the “hierarchy” of Simula.

Stroustrup intended that classes in C++ be a direct implementation of Simula-
like classes, that is, classes with some form of hierarchy (mechanism for
expressing variants of concepts), some form of support for concurrency, and
static checking of a type system based on classes. These characteristics go
further than the encapsulation and data-hiding features of classes that were
implemented in other languages for data abstraction.

The Power of Classes and Objects

Class hierarchies are key to what has come to be called object-oriented pro-
gramming. Again, class hierarchies are used to describe variants of, typically,
application-level concepts. For example, different types of shapes (circles, rect-
angles, triangles) could be derived from a class called shape. Or a class triple
could be derived from a class pair with the following declaration.

class triple: public pair
{
private:
int c;
public:
display();
}I.

In this case, the class triple inherits all the attributes (data and member func-
tions) of class pair, but also appends (or concatenates) an additional integer
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datum c. The function will need to be adjusted, but can use the definition of
display( ) in pair, and simply append (concatenate) to it. An important object-
oriented feature of C++ is called inheritance, which provides a hierarchical way
to derive one class from another. (In Dahl and Hoare it was called concatena-
tion, the meaning of which is implied in the preceding.) The C++ solution for
inheritance was adopted directly from Simula.

The key idea here is that often in programming there is no distinction be-
tween the general properties of, say, a shape (a shape has a color, it can be
drawn, it might have a texture) and the properties of a specific shape (a cir-
cle is a shape that has a radius and is drawn by a circle-drawing function
rather than a rectangle-drawing function). Expressing this distinction and tak-
ing advantage of it defines object-oriented programming. The programming
paradigm involves the early identification of the general concept (e.g., a non-
specific shape), the definition of a so-called base class for that concept, and
the development of the hierarchy that derives the distinct derived classes for
the more specific concepts (e.g., circles, rectangles, triangles). That is, the de-
rived classes inherit from the base class. Inheritance is the key way of taking
advantage of the distinction between the general and the specific. A further ad-
vantage is through a very powerful feature associated with inheritance called
a virtual function (meaning “may be redefined later in a class derived from this
one”). A virtual function enables the use of a conceptual name (e.g., draw( ))
for a whole family of functions in derived classes. That is, the function draw()
“knows how to draw” circles, rectangles, and triangles, and uses the appropriate
derived modification of the virtual function.

Concluding Remarks on Classes and Objects

A class is a direct extension of the Pascal-type statement. An object is an in-
stantiation of a class. A class is a programming language feature that combines
data and functions into one structure. In its simplest meaning, it is one addi-
tional language feature (that supplements the features provided by Pascal) that
supports more explicit data abstraction.

The deeper meaning of a class is that of hierarchy, in which new classes can
inherit from a base class; another way to say it is that new classes can be de-
rived from the base class. In this case, general characteristics of a concept can
be separated from more specific characteristics. Virtual functions enable the use
of conceptual function names for families of functions. This is object-oriented
programming.

These ideas of hierarchical data structure were presented in Structured
Programming [1] along with the introduction of the concepts of structured
programming and data structures. Although structured programming and data
structures were implemented in Pascal, hierarchical data structures were not;
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they were implemented in Simula. Finally these very important ideas are
integrated in C++.

1.3 Programming Paradigms

Goals for C++

C++ is a language that supports both structured programming and object-
oriented programming, at least. The inventor of C++ had the goal of supporting
more than one model for programming. But it is also remarkable to note
that from the very first publication about structured programming, the idea
of Simula-like classes was introduced. It was not until the implementation of
C++ that the integration of structured algorithms, data structures, and classes
were achieved.

Stroustrup argues that the fundamental concept of a structured, strongly typed
language (providing the facility for structured programming) that includes
classes (providing the facility for programming with abstract data types) with
virtual functions (providing the facility for object-oriented programming) is
sound [4]. The language provides both static type checking and dynamic type
identification (e.g., in virtual function calls). This implements two models for
programming rather than only one (e.g., the dynamic type-checking mecha-
nisms of SmallTalk). C++ is a large language precisely because it supports more
than one way of writing programs and more than one programming paradigm.
Stroustrup suggests that C++ is really three languages in one.

e A C-like language (supporting low-level programming). In this context,
Stroustrup mentions that relative to C++, Pascal is roughly equivalent to C.

e An Ada-like language (supporting abstract data type techniques).

¢ A Simula-like language (supporting object-oriented programming).

Moreover, he advises learning the language “bottom-up,” that is, first learning
the features C++ provides for procedural programming; then learning to use
the data abstraction features; then learning to use class hierarchies to organize
sets of related classes.

This book provides the bottom-up approach specifically for the Pascal pro-
grammer. Chapter 2 describes, in detail, that subset of C++ which is equivalent
to Pascal. Chapter 3 describes the procedural features available in C++ that
might be understood as extensions to Pascal. In this context it is interesting
to remember that C is a descendent of ALGOL 68, which provided operator
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The C++ Subset That

Covers Pascal

2.0 Introduction

A frustrating part of beginning a new language is struggling to find the data
structures, control structures, and embedding syntax required for the level of
computational expressiveness to which one is accustomed. The aim of this
chapter is to introduce that kernel of C++ which spans Pascal. Because this ker-
nel is Pascal-like, Pascal programmers can learn it quickly and feel comfortable
in C++ in short order. Familiarity with C is not required.

Pascal programmers migrating to C++ have two advantages. First, the roots of
both languages go back to ALGOL 60 and the work on structured programming
by Dahl, Dijkstra, and Hoare. Thus the two languages have similarities—more
similarities than do Pascal and SmallTalk. In their syntax, Pascal and C++ are
quite alike. Both are free form, allowing statements to appear at any point upon
a line (and extend onto two or more lines), allowing blank lines wherever
useful for visually grouping logically integral segments of code, and allowing
liberties in spacing between tokens along a line. Both use a token to delimit
blocks of statements that have the syntactical status of a single compound
statement in selection (e.g., within an if statement), iteration (e.g., with a for
statement), and in bracketing the body of a function; but in C++ “{” replaces

S. M. Merritt et al., Migrating From Pascal to C+
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Pascal

begin and “}” replaces end. Both use the semicolon in statements, although in
Pascal the semicolon separates statements (like the “;” in English), whereas in
C++ it ends a statement. The structure of a C++ program is discussed in Section
2.1.

The primitive data types in Pascal are integer, real, char, and boolean.
In C++, these correspond to int, float (also double), and char; there is no
boolean (any expression that evaluates to 0 is false, and any other expression
evaluates to true). Arrays work similarly in the two languages, except that in
C++ subscripting always starts at 0. The record in Pascal is analogous to the
struct (for structure) in C++. Dynamically allocated stacks, queues, and trees
are contructed as they are in Pascal. Data and data structures are discussed in
Section 2.2.

Arithmetic expressions in C++ are essentially the same as in Pascal. C++ has
the same six relational operators as Pascal and the same three logical operators.
They do not all look alike, even though they are functionally alike. For exam-
ple, the tests for equality and for nonequality look different, as do conjunction,
disjunction, and negation; but they work similarly.

Here is an example of the notations.

Pascal C++
if ((a =b) and (c <> d)] if (a==b & c !=d)

Expressions are discussed in Section 2.3.

C++ provides selection by means of an if statement and an if-else statement,
and C++ provides a switch statement similar to Pascal’s case. C++ has a for
loop that is similar to Pascal’s for loop, although it offers some enhancements.
Finally, C++ has a while loop, like Pascal’s while loop, and C++ has a structure
analogous to Pascal’s repeat . . . until, called a do-while. In C++, eof is used
in a similar manner to the test for the end of a file in Pascal. Control structures
are discussed in Section 2.4.

Procedures and functions in Pascal have equivalents in C++ too, despite the
fact that C++ denotes all its subprograms as functions whether or not anything
is returned. In Pascal, all functions are proper functions, in that a function re-
turns something (e.g., an integer, a real, a char). This is not true in C++. A
function in C++ may explicitly return void, which is to say nothing.

l

C++
Function name ——l

function power(n:real; expon:integer): real; float power (float n, int expon)

\

7 N N S

Parameters Data type of returned Parameters
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2.1

The keyword function is not used in C++. (All subprograms are functions.)
Other than that, the information appearing in these headings is identical and its
format is similar, with parameters and their data types appearing within paren-
theses. In both languages, the subprogram’s body follows the heading. Now
observe how a Pascal procedure is represented in C++.

Pascal C++

l

Subprogram name —l

procedure swap(var ch_l:char; var ch_2:char); void swap(char& ch_1, char& ch_2)

S / N/

Parameters here are Void means that nothing is Parameters here are
passed by reference returned in the sense of a passed by reference;
function's returning something; this is what &
thus, this function acts denotes.
like a procedure.

In C++, functions may not be nested (i.e., physically, in the source code)
within functions, as they are in Pascal. Therefore, there is very simple static
scoping. There is no dynamic scoping; the local variables within a function
are not visible from within the function it has called. Functions are discussed
in Section 2.5. Dynamic allocation of storage is just as it is in Pascal. This is
discussed in Section 2.6. Section 2.7 gives an overview of input and output.

Structured C++ programming does not call for a difference in the way prob-
lems are thought about and solved. Both languages have the same functionality.
With all this, the migration to C++ from Pascal is straightforward. Section 2.8
includes a comparative summary.

The other piece of good news comes right from Bjarne Stroustrup {1]. C++
is designed so that a user need know only about the subset of the language
specifically used to write a program. In other words, says Stroustrup, “What
you don’t know won’t hurt you.” This means that a program written in C++ in
the style of Pascal is an acceptable C++ program.

Orientation to C++

Look at the following “hello world” program to examine its structure.
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Pascal
{The hello world program in Pascal}

program hello_world(input, output);
begin
writeln;
write('hello world');
writeln;
end

C++

// The hello world program in C++.
#include <iostream.h>

void main()
{
cout << endl;
cout << "hello world";
cout << endl;

}

Note that object cout appears to function like a write. It does. For now that is
enough to know; cout is discussed later in this chapter.

C++ Is in Lower Case

Constants Are in Upper
Case

In C++, keywords are in lower case. Identifiers are a different story; they may
be in lower case, upper case, or a mixture. Here are examples of identifiers.

TOTAL_AMOUNT Total Amount
TotalAmount

total_amount
totalAmount

Each identifier is distinct, because upper case characters are distinct from lower
case characters. Variable Total_Amount is completely different from variable
total_amount.

Rules for forming identifiers in C++ are the same as in Pascal. This includes
names for variables and names for functions. The convention (but not the rule)
is to capitalize the first letter of interior words when a name has more than one
word:

totalAmount stackTop depthFirstSearch
The role of consts in Pascal is paralleled by const in C++. When a constant
name (e.g., p7) is associated with a value (e.g., 3.14), the name of the constant
is typically given in upper case to enable the reader to differentiate it from a
variable. Constants should no more be updated than literals, and C++ will not

allow updating.

Pascal C++
program area_of_circle(input, output); // Area of circle.
const #include <iostream.h>
pi = 3.14;
var void main()

radius, area:real
begin
write('Enter radius: ');

{
const float PI = 3.14;
float radius, area;

cout << "Enter radius: ";
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readln(radius);

area := pi * radius * radius;

cin << radius;

area = PI * radius * radius;

writeln; cout << endl;
write('Area is: ', AREA:4:2); cout << "Area is: " << area;
writeln; cout << endl;

end. }

Program Comments

Using Libraries

In C++, text following // on a line is treated as a comment. No end delimiter is
needed because the end-of-line serves this purpose. This is the preferred way
to comment in C++, but there is an alternative. Any text between /* and */ is a
comment. The comment may span several lines.

There is a need, and a way, to copy source code into a program; for exam-
ple, the directive #include <iostream.b>. There are three items here: #include,
which is a preprocessor directive; iostream.b, which is the name of a header file
in the C++ language environment that contains code for certain input and out-
put operations (e.g., for facilitating access to the cout object); and the angular
brackets surrounding the file name.

The extension .b on file name iostream.b identifies the file as a standard
“header.” Think of a header file as a “unit” that comes with the programming
environment, enabling access to libraries of subprograms. C++ relies heavily on
libraries of subprograms. For instance, the standard header file math.bh must be
included to access square root function sgrt( ), iomanip.bh must be included to
access the formatting specifications for setting field width setw( ) and for setting
precision, setprecision( J; string.h must be included to use function strcpy( ),
which assigns the contents of one string to another.

When a header file of the programmer’s own creation is included, its name
is placed within quotation marks rather than within the angular brackets, to
signify that it is not from among the standard headers. The content of a file can
be included at any point within a C++ source program.

// Include-ing a programmer's file.
#include <iostream.h>
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The main() Function

void main()

{

cout << endl;
COut << "*************";

#include "a:MoreCPP";

cout << "*************u;

cout << endl;

}

Here, the contents of file A:MORECPP are

cout << endl;
cout << "Printed from a:MoreCPP";
cout << endl;

There is no program heading in C++, as there is in Pascal; but just as execu-
tion of a Pascal program always starts with the program block, also known
as the “main procedure,” the execution of a C++ program typically starts with
the function main( ). (Exceptions are given in Chapter 4.) Every C++ program
must have a function main( ), just as every Pascal program must have a main
procedure. Function main( ) is a genuine function.

A function’s first statement, its heading, is known as its declarator. All declara-
tors have the same form. First is the data type of the value returned (which is
void if the function returns nothing). Next is the function name. Finally, within
parentheses, is the list of parameters. Even if the function has no parameters
the parentheses must be used.

When writing about C++ code and referring to a function, its name is gen-
erally followed by opening and closing parentheses with nothing in between,
regardless of whether the function’s declarator actually contains parameters.
The parentheses communicate to the reader that the identifier represents a
function.

Building a C++ Program

The simplest programs are those with only a single function, main( ). Func-
tion main( ) is prefaced by any necessary #include preprocessor directives,
opened with main( )'s declarator followed by an opening brace signifying the
beginning of the body—the code for the function. It is important not to type a
semicolon between main( ) and the opening brace. The opening brace signi-
fies the beginning of the executable code and main( )'s variables are defined
after it, not before it. This is a difference in form from Pascal. Finally, the source
code is ended with a closing brace. No punctuation follows.
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Here is an example.

Pascal C++
program finding a_square_root; // Finding a square root.
#include <iostream.h>

var #include <math.h> // For sqgrt().
num : real;
numsqrt : real; void main()

begin // No semicolon.
writeln; {
write('Enter a number: '); float num;
readln(num); float numSqgrt;
numsqgrt := sqgrt(num); cout << endl;

cout << " Enter a number: ";
cin >> num;
write(' Its square root is ');
write(numsqrt:12:6); numSqgrt = sqgrt(num);
writeln; // Function call.
end.
cout << "Its square root is ";
cout << numSqrt;
cout << endl;

}

C++ is more flexible than Pascal when it comes to defining variables. Vari-
ables can be defined anywhere within the program before (or at) first use. In
the preceding program, for example, numSqgrt’s definition could have been
placed immediately before the assignment numSqgrt = sqrt(num),

cout << endl;
cout << "Enter a number: ";
cin >> num;

float numSgrt; // The definition of numSgrt.
numSqgrt = sqrt(num);

or even as late as within the assignment statement itself instead of beforehand.
float numSqgrt = sqgrt(num);

In C++ the terms “declaring variables” and “defining variables” have differ-
ent meanings. A variable is defined at that point where memory is allocated
for it. It is declared when the compiler is informed of its existence. Although a
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2.2 Data Types

int numStudents;

int midTerm;

int final;

float average;

char letterGrade;
Constants

variable may be declared and defined at the same time (as has been the case
in all the previous examples), it may not be.

All functions follow the #include directives and may appear in any order. The
first function may be main( ), but main( ) may just as well be the second, the
third, or the last. The only requirement is that either the function itself or func-
tion prototype precedes the first function call in the source code. The prototype
is the function declarator (e.g., the first line of a function definition), standing
alone and followed by a semicolon; it corresponds to a forward subprogram
declaration in Pascal. As mentioned earlier, C++ does not permit a function
to contain the source code of another function. Therefore, rules of scope are
much simpler in C++ than in Pascal. In C++ all variables defined within every
function, including main( ), are local: unless passed as arguments, alpha( )’s
variables are not accessible within beta( ), even if alpha() precedes beta() in
the source listing. For a variable to be global (i.e., accessible to all functions),
it must be defined within the source code ahead of the first function. (Details
are given in Chapter 3.)

and Data Structures

Pascal’s integers, reals, and chars have analogies in C++ in the data types int,
Sfloat, and char, respectively. (Others are discussed in Chapter 3.) Also analo-
gous is the way variables are defined. Below, all sets of definitions establish
the same collection of variables:

int midTerm, final; char letterGrade;
float average; float average;
char letterGrade;
int midTerm, final, numStudents;
int numStudents;

Just as in Pascal, more than one int, float, or char can be defined within a sin-
gle statement, as long as each variable in the list is separated from the previous
variable by a comma. Also, there are no restrictions on the number of individ-
ual statements defining variables of each type nor on the way these statements
may be ordered or mixed.

Pascal offers constants, user-defined enumerations of constants, and subranges.
C++ has constants and enumerations, but no subranges.
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The convention in C++ is to define constants with names in upper case.

Pascal Ct++
const const float PI = 3.14;

pi = 3.14; const char BLANK = 'y
blank = ' I, const char TOP GRADE = 'A’;
top_grade = ‘'A'; const int NUM_ROWS = 24;
num_rows = 24; const int NUM_COLS = 80;
num_cols = 80; const float E_TO_THE PI = 23.141;
e_to_the_ pi = 23.141; const float PI_TO _THE E = 22.459;
pi_to_the_e = 22.459;

In C++, keyword const is used along with the data type of the value being
assigned to the identifier. A constant may be defined anywhere a variable may
be defined, and the definition of constants may be interspersed with the def-
inition of variables. Definitions of constants are not restricted to any special
place.

Enumerated Data Types

#include <iostream.h>
void main()

{

Enumerated data types work like their Pascal counterparts. The only differ-
ence is that within a C++ program there is no special section (such as Pascal’s
type section) where enumerated data types must be located. The data type is
specified and then, at any point thereafter, a variable or variables of that type
are defined. The enumeration’s specification may appear anywhere within the
program. Enumerated types are used in C++ for the same reason they are used
in Pascal: to improve the readability of the code. Their implementation and use
correspond closely in both languages. Each member within an enumeration is
represented by a consecutive integer from 0 upward. When the value of a vari-
able of an enumerated type is displayed, this number appears, not the identifier
(i.e., the enumeration’s member) within the listing. When values of variables
of an enumerated type are compared with relational operators, or used in ex-
pressions, the computation uses their integer values. C++ will not allow the
same identifier to appear both as a member within an enumeration and to be
used as a variable name (or to appear within more than one enumeration).
This would cause a syntactic ambiguity because the members of an enumer-
ated listing are indistinguishable from variable names when they appear on the
right-hand side of an assignment operator or within expressions.
Here is an example.

enum religiousPreference {Protestant, Catholic, Jewish, other};
enum politicalAffiliation {Republican, Democrat, Independent, none};
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enum educationalAttainment {highSchool, baccalaureate, postGraduate};

religiousPreference motherRel; fatherRel; respondentRel; // Same form as

politicalAffiliation motherPol; fatherPol; respondentPol; // definitions for

educationalAttainment motherkdu; fatherEdu; respondentEdu; // int, float, and
// char variables.

int i, 3, k;

float £, g, h;

if (motherRel == fatherRel && motherPol == fatherPol) ... // Value of variables
// of enumerated types
// are tested.

if (respondentEdu > highSchool) ... // Notice how an ambiguity would result if

// there could be a variable named highSchool.

enum Boolean {false, true}; // Notice how an enumerated type can be used to
Boolean dissonance; // fashion a datatype analogous to Pascal's BOOLEAN.

if (motherRel != fatherRel && motherPol != fatherPol && motherEdu != fatherEdu)
dissonance = true;

else
dissonance = false;

if (dissonance) ... // In the specification of the Boolean enum, false is the first
// member and true is the second. Thus their implementing
// integers are 0 and 1, respectively. The consequence is that
// when dissonance is assigned the enumerated value of false,
// its int value is 0, which is construed by C++ as false in
// the context of a relational expression.

The Subrange Type

C++ offers nothing analogous to the subrange type in Pascal.

_Pascal _CH+_
type
test_score : 0..100

var
mid_term : test_score; Nothing corresponds to this.
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final : test_score;

caps : 'A'..'Z';

The Struct

The structure is C++’s equivalent of Pascal’s record. Each component within a
struct is called a member, and the section of code that establishes its inventory
of members is called its declaration or specification. A struct specification may
appear anywhere in the code, unlike the requirement in Pascal that declara-
tion be made in a particular section of the program. Naturally a struct must be
defined before it is used.

Accessing members of particular instantiations of structs is done just as it is
in Pascal, with the “dot operator.” The dot operator is descriptively called the
member access operator. The ordinary assignment operator will copy the val-
ues of the entire set of members within one struct variable into another struct
variable.

Consider an example.

Pascal C++
#include <iostream.h>
program record_demo (input, output); void main()
{
enum boolean {false, true};
type
struct sampleStructure // Struct
sample_structure = record // specification.
i, j : integer; {
£ : real; int i, 3,
ch s char; float £;
bool : boolean; char ch;
end; boolean bool; // Variable of an
1 // enumerated type.
var
i : integer; int i; // Okay, even though there
f : real; float f£; // are variables of the same
// names within the struct.
sl, 82, 83 : sample_structure; sampleStructure sl1, s2, s3;
// Struct definitions.
begin
sl.i := 10; sl.j := 20;
sl.f := 1.25; sl.i = 10; s1.7 = 20;
sl.ch := 'A'; sl.f = 1.25;
sl.ch = 'A'; // Char literal in
8l.bool := true; // apostrophes.
sl.bool = true;
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s82.1 := 11;
s2.f := 4.75;
s2.ch := 'B';
s2.bool := false
83 := 82;

i :=1000; f :=

sl.j := 21; s2.1 = 11; sl.j = 21;
s2.f = 4.75;
s2.ch = 'B';
s2.bool = true;

// When one struct is assigned
s3 = s2; // to another, an exact copy of

// the information in the source

// 1s made in the destination.

0.123; i =1000; £f=0.123;

writeln; cout << endl;

write('Structure 3: '); cout << "Structure 3: ";

write(' i="', 83.i); cout << " i="<<s3.1;

write(' j ="', 83.3); cout << " j = " << s3.3;

write(' £f ="', 83.£:4:2); cout << " f =" << 83.f;

write(!' ch = ', 83.ch); cout << " ch = " << s3.ch;

write(' bool = '); cout << " bool = ";

if (s3.bool_ then writeln('true') if (s3.bool) cout << "true" << endl;

else writeln('false’); else cout << "false" << endl;
end. }
Arrays
Arrays in C++ are like arrays in Pascal; they are structures with homogenous,
contiguous, subscripted, direct access storage compartments. In C++, the in-
dividual compartments are referred to as elements, and a subscript is referred
to as an index. C++ allows arrays of ints, floats, chars, enumerated types,
structs, and, of course, arrays of arrays (as 2-dimensional and higher dimen-
sional arrays). There are, however, important differences between Pascal and
C++, First, all arrays in C++ are indexed (i.e., subscripted) starting at 0. Another
way of stating this is that the index of the first element is always 0. For exam-
ple, the subscript range of each and every 10-element array defined in C++ is
0...9, and 9 is the index of the 10th element. Second, there is no run-time
range-checking, so that out-of-bound indices can cause insidious errors.
Here is an example.
Pascal C++
#include <iostream.h>
program array demo (input,output); void main()
const {

max = 49; {for subscripts 0..49} const int MAX = 50; // For 50-cell
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type

data_unit = record
X, ¥, z : integer;

end;

grades = (a, b, ¢, 4, £, inc);

var
int_a :

flo_a :

rec_a :

enum a:

i :

begin

for i :=
begin
int_al[il]
int_f[i]

end;

rec_al3].
rec_al[3]
rec_al[3]

enum _af[0]
enum _a[l]

array[0..max] of integer;

array[0..max] of real;

array[0..9] of data_unit;

array[0..24] of grades;

integer;

0 to max do

..
-

o k-
.

o

e

15;
30;
101 - rec_al3].y;

x
Y 8
eZ

// arrays index
// range is 0...49.

struct dataUnit
{
int x, y, z;

};

enum grades (A, B, C, D, F, INC};

int intA[MAX]; // The number of elements
// in array intA
// is MAX; the elements'
// subscripts start at 0
// and end with MAX-1.

float floA[MAX]; // Subscript range is
// 0..MAX-1.

dataUnit recA[10]; // Subscript range is
// 0..9 and each
// element 1is a
// dataUnit struct.

grades enumA([25]; // Subscript range is
// 0..24 and each
// element is a
// grades enum.

int i;

for (i = 0; 1 < MAX; i =1 + 1)
{

intA[i] = 1i;
floA[i] = 0.0;
};
recA[3].x = 15;
recA[3].y = 30;
recAf3].z = 101 - recA[3].y;
enumA[0] A;

o

enumA([1] INC;
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Multidimensional Arrays Arrays in C++ can have any number of dimensions. In the Pascal program
segment below, the two dimensional array, is named two_dim; in C++,
lwoDim.

void main()
var {
two_dim : array[0...9, 0...4] of integer int twoDim[10][5];

b/

Each element is
an integer.

Subscripts of dimension-1 go from 0 to 9,
thus giving 10 rows.

Subscripts of dimension-2 go from 0 to 4,

thus giving 5 columns.
begin

two_dim[0, 0] twoDim[0] [0]

t= 0; = 0;
two_dim[0, 4] := 5; twoDim[0] [4] = 5;
two_dim[1, 0] := 6; twoDim[1][0] = 6;
two_dim[1, 4] := 10; twoDim[1] [4] = 10;
two_dim[9, 4] := 50; twoDim([9] [4] = 50;

T e

The element in row 9, column
is assigned the value of 50.

end }

Here is the definition of a five-dimensional array of ints:
int fiveDim[10]([5][5][10][2];

Its subscript bounds are:

\

dimension 1: 0
dimension 2: 0
dimension 3: 0
0
0

dimension 4:
dimension 5:

[ Y- W Y]
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Strings: Char Arrays with a
‘A0’ Delimiter

It contains 10 % 5 % 5 % 10 % 2 = 5,000 elements.

Here is a typical assigment.
fiveDim([2][1][3][5][0] = 48;
Here this element is displayed.

cout << fiveDim[2][1][3][5][0];

In Niklaus Wirth'’s standard Pascal [2], an array of characters is structurally iden-
tical to an array of anything else, such as an array of integers. For example, an
array of characters must be printed cell-by-cell; it cannot be written out as a
unified item the way integers can. In C++, as in standard Pascal, a char array
may be successfully managed with the same operations that may be applied
to arrays of other things, such as int arrays.

However, a char array is often used to represent a string, i.e., a sequence
of chars. Because of the mismatch between a string construed as an aggre-
gate item and a char array processed as a subscripted succession of solitary
elements, C++ systems offer an assortment of library functions, declared in
string.b, to simplify string processing.

Integral to the provisions for simplified string processing is the delimiter that
must be appended to a sequence of chars recognized to be a string. This de-
limiter is ASCII 0. It is sometimes called “the null zero,” and it is represented
as a char literal by the two-symbol sequence \0. For example, the following
code stores in ¢ the number of non-\0 characters in character array line.

i=20;

while (line[i] != '\0"') // Here, line is a char array.

{
cout << s[i];
i :=1+ 1;

}

The null zero takes up one element in the char array, so string “Hello” has
six characters. This string may reside in 2 much longer array, but there is no
confusion over its length because all elements beyond the null zero are su-
perfluous. When a char array is defined with storage of strings in mind, it is
important to provide an element to accommodate the terminating delimiter.
For example, strings of up to 80 characters need char arrays with 81 elements.

Assume the char array and the assignments shown at the start of the
following program.

#include <iostream.h>
#include <string.h>
void main()
{
char str(81]; // This array str has 81 elements, (..80.
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char s[10]; // This array s has 10 elements, 0..9.
str(0] = 'H';
str{l] = 'e';
str(2] = '1';
str{3] = '1';
strl[d] = 'o’;
str[5] = '\0';

}
Consider the following.

e A string may be output directly using cout, just as an int, float, char, or string
literal:

cout << endl << "The string is: **" << str << "**" << endl;

f

Name of the char array
holding the string.

The result from execution of this statement will be the line of output:
The string is: **Hello**

The delimiting null zero is not printed.

* A string’s length may be found with the function strlen( ).

cout << endl << "Length is " << strlen(str) << endl;

/

This is a call to the function strlen( ) with the array str as an argument.
It returns 5, the number of characters up to but not including null zero.
#include<string.h> must be present for strlen( ) to be accessible.

e Although one string may not be copied into another with the assignment
operator, the same result may be obtained with the function strcpy( ).

// ILLEGAL: s = str;
instead,
strcpy(s, str); // Perform this assignment with strcpy().

As a result of the preceding function call, s now holds a copy of the string
“Hello” from str. It is the programmer’s responsibility to be sure that the re-
ceiving char array is long enough to hold the string within the source array.
Even though str is 81 characters long and the array s is only 10, this opera-
tion is acceptable because the actual string is merely six (the five characters
within “Hello” plus the delimiter). Function str¢py() copies the source string
up to and including the null zero into the destination string. Notice that the
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order of the arguments within strcpy( ), with the destination array on the
left and the source array on the right, is the same as in an assignment. Also
notice that though strepy() is actually a function, it is invoked just like a
procedure in Pascal. Finally, notice that the source string may be a literal.

// ILLEGAL: str = "Greetings!";
strcpy(str, "Greetings!"); // Instead, do this with strcpy().

¢ Including the file string.b is necessary for access to strcpy( ).

® A string may be captured from the input stream and assigned to a char ar-
ray using cin (for now, the functional equivalent of a read in Pascal), just
as an int, float, or char. But just as an int being entered from the keyboard
is delimited by a character of “white space” such as from striking the enter
key or the space bar, so is a string. This code,

cout << endl << "Type in a word: “;
cin >> str;

will query the person at the console for a string, capture it, assign it to array
str, and tack on a null zero. If the user types in the five letters “Hello” and
strikes enter, the first six elements of str will hold

str [H]e[1]1|o]\0] unknown. ..

012 3 4 5 6 7

If the user had entered “Pretty nifty!”, st would hold

str IPlrleltltlyl\O’unknown...

012 3 45 6 7

because the space between the two words acts as an end of string delimiter.

e Function cin.get( ) can capture a string that includes spaces. It is supplied
though header file ostream.b. This function takes either two or three argu-
ments. When cin.get( ) is used with two arguments, the first is the name
of the char array to receive the entered string and the second is an int
giving the maximum number of chars to accept for assignment. In the two-
argument mode, the end of the string is signaled by striking enter (or, in
more general terms, when the newline character, ‘\n’, is encountered in the
input stream).

cout << endl << "Type in your name and strike enter: ";
cin.get (str, 80);

If the user types in “Margaret A. Ellis” and strikes enter, str will hold

str |M|a|r’g|a|r|eJtJ JAii |E|l'l|i|s|\0tmknown...

01 23 456 7 8 910111213141516 17 18
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When used with three arguments, the third is the char chosen to serve as
an explicit end of input signal. It could be anything, for example, the at sign
‘@’:
cout << endl << "Type in your paragraph. At the end, type @" << endl;
cin.get( real_long char_array, 2000, '@');

This allows for multiline strings, since the newline char, \n’, is just another
ASCII value within the char array.

* Two strings may be compared for alphanumeric order (actually, for ordi-
nal value relative to the full collating sequence) with the standard library
function strcemp( ) made available with the inclusion of header file string.b.

stremp(stringl, string2) returns a negative value if stringl < string2
stremp (stringl, string2) returns zero when stringl is identical to string2
stremp (stringl, string2) returns a positive value if stringl > string2

An obvious application of this function is in a sort to alphabetize a roster.

If (strcmp(lastNamel, lastName2) > 0) swap(lastNamel, lastName2);

Either or both arguments may be a string literal.

strcmp ("Abc”, "Xyz") strcmp("Abc", "Abc") strcmp("Abcd", "Abc")
Return a Return a
negative positive
value. value.

Finally, notice that string literals are delimited by standard quotation marks
and char literals are delimited by apostrophes.

2.3 Arithmetic, Boolean, and Logical Expressions

In C++ unary minus and plus and the binary operators for addition, subtraction,
and multiplication look and work as do those in Pascal. In C++, the operator
for division is a forward slash, just as in Pascal, although its operation is a little
different. The resulting quotient is a float if either or both of the operands are
floats. 1t is an int when both of the operands are ints, the same integer that
would be obtained in Pascal with div. The modulus operator, represented by
the percentage symbol % works just as mod does in Pascal. Both operands
must be ints. In C++, arithmetic expressions are evaluated in accordance with
the same precedence hierarchy, the same left-to-right associativity for the bi-
nary operators, and right-to-left associativity for unary minus and plus, and the
same use of parentheses as in Pascal.
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Cast Float

The Cast int

To divide two #nts and obtain their quotient as a float, in other words, to per-
form a “real” division, requires that at least one operand be a float. If necessary,
an int can be converted to a float with a conversion function, called “cast”.
The term cast refers to a mechanism for remolding or reexpressing a value in
a different type, such as recasting an int as a float. (The term comes from C.)
This is done by treating the data type as the name of a function and passing
to it the variable or expression to be converted. For instance, int { can be cast
as a float like this:

float( i )
This function call yields a float that is equal to i. Here is an example. If a stu-

dent earns 72 points on an examination with a possible maximum of 83, the
score on a percentage basis could be computed in at least three ways.

percent = float(72)/83 * 100; , Or
percent = 72/float(83) * 100; , or
percent = float(72)/float(83) * 100;

Conversely, the value of float f can be cast as an int using:

int( £ ).

Cast int performs a truncation. In Pascal, function trunc performs the equiv-
alent of the cast in#( ). Pascal has no function corresponding to the cast float().
C++ provides no function for rounding, but (as usual) one obtains it by adding
.5 before the conversion.

Data Conversion with Assignment

Chars and Ints

C++ allows an #nt value to be assigned to a float variable, and it allows a float

value to be assigned to an int variable. In the latter case, the float value is
truncated.

In Pascal, the function ord is actually a cast for transforming a char to an
integer, and chr function is a cast for transforming an integer to a char.,



32

Chapter 2 The C++ Subset That Covers Pascal

Pascal C++
ch := 'a'; {ch is a char} ch = 'A'; // Here ch is a char.
i :=ord( ch ); {i is an integer} i1 = int( ch ); // Here i is an int.
i := 65; i = 65;
ch := chr(i); ch = char(i);
ch := 'a'; ch = 'A';
write('ascii of ', ch, ' is ', ord(ch) ); cout<<"ASCII of "<< ch <<" is "<< int(ch);
i := 65; i = 65;
write('ASCII number ',i, ' is ', chr(i)); COut<<"ASCII number " << i <<"is"<< char;

for line := 1 to 14 do

In C++, explicit conversion between char and int (i.e., casting from char to
int) is only necessary when performing output. This is because C++ recognizes
that the only difference between character ‘A’ [stored internally within a byte
as the binary number 65 (100 0001)} and the integer 65 [stored internally within
two bytes as the binary number 65 (1000001)] is in its presentation for display.
C++ allows a variable defined as a char to appear in any expression where an
int can appear, and C++ allows arithmetic values to be assigned to chars. For
instance, a char can be advanced to the next character by adding 1; so that ¢ch
= ch + 1 accomplishes Pascal’s ch := succ(ch).

The program that follows displays the characters from 32 (the space bar)
through character 255 (which is another blank), with 16 characters per line on
14 lines.

Pascal C++
/* Print characters 32 to 255 */ // Print characters to 32 to 255.
program see_characters (input, output); #include <iostream.h>
var void main()
line, col : integer; {
ch : char; int line, col;
begin char ch;
writeln;

cout << endl;

begin for (line=1,; line<=14; line=line+l)
for col :=1 to 16 do {
begin for (col=1; col<=16; col=col+1)
ch := chr(32+16*(line-1)+col-1); {
write(ch, ° ');: ch = 32 + 16*(line-1) + (col-1);
end; cout << ch << * "
writeln; }
end; cout << endl;
}

end.
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Relational and Logical Operators

Pascal and C++ use different symbols for the same relations and logical
operators:

Pascal C++ Pascal C++

= == not !
<> I= and &&
< < or /]
<= <=

> >

>= >z

The C++ symbol that gives everyone the greatest difficulty is the double equal
sign, ==. There is no conceptual problem; rather, habit makes it easy to type a
single equal sign by mistake. Because this is not a syntax error in C++, the com-
piler accepts it without warning but performs contrary to intention. Consider
this statement for expression in Pascal.

if number_left = 0 then writeln('Sorry, we're sold out.');
A correct C++ equivalent in C++ is
1f (numberLeft == 0) cout << "Sorry, we're sold out." << endl;
In contrast, the statement
if (numberLeft = 0) cout << "Sorry, we're sold out." << endl;
does the following:

* Evaluates expression 0.

* Assigns 0 to numberleft and returns 0 as the value of the statement
numberLeft = 0.

e Since 0 is treated as false, execution of the if statement terminates.
Here’s why.

* In C++, the assignment a = e performs the usual operation of evaluating ex-
pression e and storing the result into variable 4. It yields a result, which is
the value of e.

e The above definition of the assignment makes it possible to write
assignments like
X = y = Z ;
Here, “=” is treated associatively from right to left, so that it is equivalent to
x=(y=z). Hence execution
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1. evaluates z, assigns its value to y, and yields the value as the result of

y=z.
2. assigns the result of y=2z to x and yields this value as a result.

Precedence in Relational Expressions

C++ and Pascal have different precedence for relational and logical operators.
In C++, the relational operators have higher precedence than conjunction (&&)
and disjunction (| |). This means that the order of operations within a Boolean
expression is to perform relational tests before and-ing or or-ing their results.
In Pascal, the relational operators have a lower precedence than the and and

or.
Pascal C++
if ((a=b) and (c=d)) then statement; if ( a==b && c==d ) statement;
It would be an error not —— alternatively
to place the relational
tests within parentheses. if ((a==b) && (c==d)) statement;
%
Operator Precedence Table Operator Precedence Table
not !
* / div mod and * / % (% stands for mod)
+ - or + -
= <& < <= > >= < <= > >=
== =
&&
/]

2.4 Control Structures

Pascal and C++ have similar statements controlling the flow of execution. They
include the following.

1. a for loop for count-controlled iteration; a while loop (where a test is per-
formed before each iteration); a do . . . while (where a test is performed after
each iteration); an if. . . else statement; and a switch statement for selection
among multiple choices; and

2. the same ability to install a sequence of statements within a control state-
ment wherever a block exists, which is a sequence of statements delimited
by begin and end (Pascal) or “{” and “}” (C++).



2.4 Control Structures 35

Every selection and every loop that can be coded in Pascal can be coded
similarly in C++, but there are differences in detail. In C++, for instance, the if
statement does not include the word then; the while loop does not include the
word do; and the for loop requires more programmer direction but provides
greater versatility.

Theif andif . . . else Statements

Pascal’s if statement is as follows.

if (a < b) then stmtl else stmt2;
In C++ the equivalent is

if (a < b) stmtl; else stmt2;

T

The syntactical distinction is that the semicolon is used to terminate the
statement contained by the if statement whether or not the if statement is
followed by an else statement.

Note that expression b can be any arithmetic or relational expression, since 0
is treated as false and anything else as frue.

Semicolons in Pascal are statement separators whereas in C++ they are state-
ment terminators. Every statement has a terminator. Each extra terminator is
construed as sitting at the right-end of a null or “no-op” statement. Line one,
with its one extra semicolon is interpreted as

cout << endl << "line 1"; noOp;

Note that the concluding brace closing off a group of zero, one, or more state-
ments within a control structure is also regarded as a statement terminator.
Thus the C++ statement

if (a<b) {stmtl; stmt2; stmt3;}

does not need a trailing semicolon following the right-hand brace (the semi-
colon terminating stmt3, however, is necessary). But what if a semicolon had
been placed following the brace? If any statement other than an else follows
it, there is no discernible effect. The semicolon would be construed as termi-
nating a “no-op.” The rule for a paired else is that it must follow the statement
in the if clause. Because the semicolon introduces an intervening “no-op”,
the else clause would no longer follow the statement in the if clause, and the
consequence would be a syntax error. Thus
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The semicolon This semicolon is
is illegal here. okay but unnecessary.

if (a<b) {stmtl; stmt2; stmt3;}; else {stmtd; stmth5; stmté;};

The other trap in connection with the #f. . . else construction is one that
seasoned Pascal programmers have faced before: the dangling else, which can
arise when the if part of an if . . . else embodies an if that has no mated else.
In C++, like Pascal, an else is logically linked to the most recently appearing
(i.e., the innermost) unmated if. Thus no matter how the following code is
formatted on the page, it will not perform as intended.

if (a != b) // **mismatched else**
i1f (a<b) cout << "a is less than b"; // This code does not
else cout << "a and b are equal"; // perform as intended!

if (a != b)

The else, being associated with the inner if statement, is performed when a is
not equal to b and a is not less than b; in other words, the message “a and b
are equal” is displayed when a is greater than b.

When a and b are equal, this code does nothing. There are two possible cor-
rections: either to cordon off the inner if statement using braces or to supply
the inner if with an “else no-op”.

if (a != b)
{if (a<b) cout << "a is less than b";} if (a<b) cout << "a is less than b";
else cout << "a and b are equal"; else;

else cout << "a and b are equal";
no semicolon

The switch Statement

case digit of

The switch statement in C++ is similar to Pascal’s case statement. Like the case
statement, the switch statement compares the value of an int expression, a
char expression, and an expression of an enumerated type (which is actually
an int), with a list of values in search of a match. If a match is found, the action
associated with it is performed.

Pascal C++

{digit is an integer} switch (digit) // Digit is an int.
begin stmtl; stmt2 end; {
stmt3; case 0: stmtl; stmt2; break;
stmt4; case 1: case 2: case 3: stmt3; break;
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case 4: case 5: stmt4; break;
8 : begin stmt5; stmté end; case 8: stmt5; stmté6; break;
end. } // No semicolon needed.

The while Loop

The individual cases do not have to be listed in numerical order as they are
in the example; and the formatting can be rearranged for clarity or preference.
The break statements are needed in order to terminate execution of the switch.
Without it, processing falls through to the action associated with the case or
cases next listed. For example, without the break concluding the action to be
taken in the case when digit equals 0 (which is the execution of stmt1 followed
by stmt2), processing would continue with stmi3, the next executable action
in the statement.

The switch statement differs from the case statement when the value being
tested is not listed. It allows processing simply to fall through. For example, if
the value of digit were 6 no action would be selected. The keyword defauit
can be used to provide an action for all cases except the listed one:

switch (digit) // Digit is an int.

{
case 0: stmtl; stmt2; break;
case 1: case 2: case 3: stmt3; break;
case 4: case 5: stmtd; break;
case 8: stmt5; stmté6; break;
default: stmt7; stmt8;

}

If the value of digit were 6, stmt7 and stmt8 would be executed, since these
are now denoted as the actions to be taken when “none of the above” applies.

The while loops in Pascal and C++ perform identically. They look nearly the
same too; the only difference is that the while loop in C++ omits the word “do.”

Pascal C++
accum := 0; {accum is a real} accum = 0; // accum is a float
i :=0; {i is an integer} i=20; // 1 1is an int
while (accum <= 5.0) do while (accum <= 5.0)
begin {
i:=1i+ 1; i=1+1;
accum := accum + 1/i; accum = accum + 1.0/1;
end; }i
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The do . . . while Loop

C++’s analogue to Pascal’s repeat . . . until loop is the do . . . while loop. Both
contain a body, which is executed at least once, and the test for termination is
made after each iteration. The difference between them is in the logical polar-
ity of the test that controls termination. The repeat . . . until loop expresses a
condition that, when true, terminates the loop. Looping continues “until” the
condition is met. The do . . . while loop expresses a condition that, if met,
causes looping to continue.

repeat do
game; {
writeln; game();
write('Want to play again? (Y/N) '): cout << endl;
readln( again ); cout << "Want to play again? (Y/N) ";
until ((again = 'N') or (again = 'n')); cin >> again;
}

while (again=='Y' [| again=='y');

? i

the do ... while statement requires
the parentheses around the expression

The for Loop

The heading of the C++ for statement contains the three specifications needed
to define the execution of the loop:

The initialization of The test applied before The adjustment to the
control variable; every iteration, control variable made
here, the control vari- including the first: following each iteration
able 1 and is execution continues if and of the loop. Here,

set to 1, but the only if the result is i is incremented by 1.
starting value could true.

have come by way of
any arithmetic
expression.

for (1 =1; 1 <= 10; 1 = 1+1 )
cout << 1 << " ",

The following loop prints out the integers from 1 to 10 along a line, exactly as
this Pascal for loop does.

for i :=1 to 10 do
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var

screen

row, col

writeln;

for row := 0 to 21 do

begin

for col := 0 to 77 do
write( screen[row, col] );
writeln;

end;

write(i, ' ');
Pascal’s companion for loop that runs in the other direction,
for i := 10 downto 1 do
write(i, ' ');
is expressed in C++ as

for (i =10; 1 >=1; 1 = i-1)
cout << i << " ";

The body of C++’s for loop can consist of a block of statements, some of
which may themselves be loops (with the usual, elementary stipulation that
the respective control variables be different). The following code displays the
contents of a two-dimensional array of characters that represents a screen in
text mode. It has 22 rows and 78 columns.

Pascal Ct++

array[0..21, 0..77] of char; char screen(22][781];

integer; int row, col;

cout << endl;
for (row = 0; row < 22; row = row + 1)
{
for (col=0; col<78; col=col+l);
cout << screenf[row] [col];
cout << endl;

}

The Unconditional Branch

Control structures in Pascal and C++ eliminate the need for most goto state-
ments. However, for some reason, possibly because some argue that an
unconditional branch out from a deeply nested loop can be useful, Niklaus
Wirth included the goto statement in Pascal. The jump has to be to a labeled
statement. Any statement may be labeled by preceding it with a natural number
followed by a colon; and its label, which has to be distinct, is this number. C++
also has a goto, which works the same way, except that labels are alphanu-
meric identifiers formed in accordance with the same rules as variable names,
function names, and the like.

Pascal C++

53: stmt; tl: stmt;
stmt; stmt;
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2.5 Functions

Function Basics

47: stmt; alternate: stmt;
stmt; stmt;
goto 68; goto fixProblem;
stmt; stmt;
if (a > b) goto 53; if (a > b) goto ti1;
stmt; stmt;

68: stmt; fixProblem: stmt;

Functions such as sgrt( ), strlen( ), and strcpy() are a standard part of a typical
C++ system and are called library functions. Library functions are incorporated
into a program by means of header files. Functions with identical effects may be
created by the programmer for a particular program and appear explicitly in the
program file. Whether a function is a library function or a programmer-defined
function, it adheres to the same rules of usage.

In C++, as in Pascal, a function call yields a single value; the item returned
is declared to be an int, a float, a char, an enumerated value, or a struct.

A function call is an expression and may appear wherever an expression
may appear.

sqrtOfNum = sqgrt (num);
curvedMidTerm = sqgrt(score) * 10;

if ( sqrt(gradePointAve) > average )
cout << "Welcome to the Square Root Club!";

cout << "Square root of " << n << " is " << sqgrt(n);

e A corollary of the preceding point is that there is no limit to the number of

function calls an expression may contain, or to their placement:

rootd = sqrt( sgrt(num) );

Arguments can be expressions or literals.
c = sqrt( a*a + b*b );
sqrtOfe = sqrt(2.718282);

Functions can be written to expect no argument, one argument, two argu-
ments, three arguments, or any other number. (As in Pascal when there are
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several arguments, they are separated by commas, and the same rule of po-
sitional correspondence establishes the actual argument-to-formal parameter
association).

¢ The function construct allows parameters (also called formal arguments) to
be defined so that arguments (also called actual arguments) of any type may
be transmitted for processing; this includes structs and arrays.

¢ The default mode of information transmission is pass by value (except for
arrays, which are always passed by reference); and just as in Pascal, if an
argument is to be passed by reference this is prescribed by an explicit no-
tation accompanying the corresponding parameter’s declaration; in Pascal,
the notation is the word var preceding the identifier; in C++, it is the am-
persand following the identifiers. For example, to pass an int parameter by
reference, use int&. The syntax of a call does not require, allow, or offer
information on how arguments are passed.

* The source code listing must contain the function itself or a forward dec-
laration before its first call (in the case of recursion, the function heading
suffices).

Functions and Procedures

A proper function is a function that accepts one or more arguments and returns
a resulting value. In C++, functions double as procedures. If a function has a
return type of void, which is to say that it is constructed so that no value is
returned, its call looks and acts like a Pascal procedure call. The difference is
that for a function that takes no arguments, such as beading( ) in the follow-
ing, C++ requires the empty parentheses. Whenever a no-argument function is
invoked, the parentheses are required.

Pascal C++
heading; heading(); // Write a page heading.
sort( data_array ); sort( dataArray );
swap(a,b); swap(a,b); // Exchange a and b.

Even when a function’s return type is not void, but perhaps a float or a char,
it may be completely disregarded if what the program needs is the function’s
side effect. For example,

if (i>0) sqrt(25);

is legal but useless (and is also poor programming).

A different example that uses the side effect as a trick is the use of getchan()
or its equivalent as a means for stopping a running program until a key is
struck. The standard library function getchar( ) (declared within header file
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stdio.b) takes no argument. It returns the next character on an input stream
from the console. Thus if ¢ch is defined to be a char, the statement

ch = getchar();
causes a pause and, when the user strikes a key, for example, the enter key,
the assignment of “\n” for ch. Note that the input sequence

cin >> ch;
captures only printable keystrokes. Because \n,’” like an ASCII 32 from the
space bar, is white space, no notice is taken of an enter. If the side effect of the

function getchar( ), namely, the freezing of the output stream, is the desired
effect, then the returned value is effectively ignored.

getchar(); // Any C++ function can be called in the
// manner of a Pascal procedure.

Constructing Functions

The Declarator

We now consider function definitions. The distinctive feature of main() is that
it is generally the point at which C++ programs begin execution. Otherwise, it
is an ordinary function. All functions, like main( ), consist of a heading (the
declarator) followed by a body of statements between a beginning and an
ending set of brackets:

declarator

{
body
}

The body may include variable definitions, the specification and definition of
enums and structs, the definition of enums and structs specified externally,
function calls, output and input operations, and other C++ system statements.
Everything done so far within main() could have been done within any other
function. The only prohibition is that no function can incorporate within it-
self the heading and body of another function; functions are not nested in the
source code.

The declarator prescribes the data type of the item returned, the function’s
name, and the list of parameters. This argument list, just as in Pascal, gives the
name, data type, and passing modality (by value or by reference) of each vari-
able participating in information transmission from the call through the explicit
interface. (Implict information transmission may be accomplished by way of
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The Return

function area of_rect (1, w :real) :

var
area :
begin

area := 1 * w;
area_ of rect

end

return (area);
return 1 * w;
return (l1*w);

real

global variables, called external variables; this is not good programming prac-
tice when explicit transmission is logically preferable.) There are two minor
differences in syntax between declarators in C++ and headings in Pascal: in
C++, for functions having no parameters, the opening and closing parentheses
delimiting the parameter list must still be present, though empty, and there is
no semicolon between the declarator and the body. In the declarator, C++ does
not allow for the more concise expression of the parameter list, as Pascal does
when two or more neighboring parameters have the same description.

In C++ a value other than void (e.g., int or struct) is returned using the re-
turn statement. Consider a function that returns the area of a rectangle whose
length and width are passed in as arguments. The return statement can take
any of the forms illustrated in the following.

Pascal C++
real; float areaOfRect (float 1, float w)
{
float area;
area = 1 * w;
return area;
:= area; }

Alternate, equally acceptable returns are as follows.

// Value may be in parentheses.
// Value may result from the evaluation of an expression.
// Expression may be in parentheses.

An important difference between the return statement in C++ and Pascal’s
“assignment to the name of the function” is that execution of the return state-
ment in C++ terminates the function call. Returning to the point where the
function was invoked includes the dismantling of the current instantiation’s
referencing environment. In Pascal, this happens only when the function’s clos-
ing end is reached. The following two segments of code are not functionality
equivalent.

Pascal C++
function letter grade (score:integer) : char; char letterGrade (int score)
begin {
if (score >= 90) then if (score >= 90)

begin {

letter_grade := 'A'; return 'A’';
write('Grade: A'); cout << "Grade: A"; // NOT REACHABLE.
if (score = 99 or score = 100) then if (score == 99 || score == 100)
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write('+');

cout << "+";

end }
else if (score >= 80) then else if (score >= 80)
begin {
letter_grade := 'B'; return 'B';

write('grade: B');

end

cout << "Grade: B"; // NOT REACHABLE.

}

Suppose this function is passed the score of 100. The Pascal function assigns
‘A’ to local variable letter_grade, prints ‘Grade: A’, prints ‘+’, and then returns
the value letter_grade, or ‘A’. The C++ function performs the return of the ‘4",
It displays neither the grade nor the plus.

Finally, if a function’s declarator proclaims that it returns void, it may use the
return statement like this

return;

to transfer control back to the calling function, but it is prohibited from passing
back a value. Moreover, when the return type is void, a return statement need
not be executed. Likewise, if the declarator proclaims that an int will be re-
turned, the function must return an int. The rule is that a function must return
that which its declarator says it will return.

Examples of Functions

To complete the description of the internal structure of functions, here are
some samples in C++ alongside their Pascal equivalents.

Pascal

program samplel (input, output);
var
argl, arg2, total: integer;
{ Print parml, parm2, and parml+parm2 }
{ Return parml+parm2 }
function echo_and_add (parml,parm2:integer):
integer
var
sum : integer;
begin
sum := parml + parm2;

writeln;

write('parml = ', parml);
write(' parm2 = ', parm2);
write(' Their sum is: ');

C++

#include <iostream.h>

// Print parml, parm2, parml+parm2.
// Return parml+parm2.

int echoAndAdd (int parml, int parm2)

{

int sum;
sum = parml + parm2;

cout << endl;

cout << "parml = " << parml;
cout << " parm2 = " << parm2;
cout << " Their sum is: ";
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writeln(sum);

echo_and_add := sum;
end;

begin

argl :
arg2 :

total := echo_and_add( argl, arg2 );

total := echo_and add(1+1l, arg2 - 5);
end.

Pascal

program sample2 (input, output):;
var
argl, arg2, total: integer;
{ Return total which is passed by reference }
procedure echo_and add
(parml, parm2:integer; var parm3:integer);
var
sum : integer;
begin
sum := parml + parm2;

writeln;

write('parml = ', parml);
write(" parm2 = ', parm2);
write(" Their sum is: ');
writeln(sum);

parm3 := sum
end;

begin

argl := 12
arg2 := 34

.
’
.
’

echo_and _add( argl, arg2, total );

cout << sum << endl;

return sum;

}

void main()
{
int argl, arg2, total;

12;
34;

argl
arg2

total = echoAndAdd( argl, arg2 );

total = echoAndAdd(l1+1, arg2 - 5);

C++
#include <iostream.h>

// Return total which is passed
// by reference.

void echoAndAdd
(int parml, int parm2, int& parm3)
{
int sum;

sum = parml + parm2;

cout << endl;

cout << "parml = " << parml;
cout << " parm2 = " << parm2;
cout << " Their sum is: ";

cout << sum << endl;

parm3 = sum;

}

void main()
{
int argl, arg2, total;

12;
34;

argl
arg2

o

echoAndAdd( argl, arg2, total );
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echo_and_add(1+1, arg2 - 5, total)
end.

Pascal

program sample3 (input, output);
var
arg2, arg3, total: integer;
{ Return parml which is passed by reference. }
procedure echo_and_add
(var parml:integer; parm2,parm3:integer);
var
sum : integer;

begin
sum := parm2 + parm3;
writeln;
write('parm2 = ', parm2);
write(' parm3 = ', parm3);
write("® Their sum is: ');

writeln(sum);

parml := sum;

end;

begin
arg2 := 12;
arg3 := 34;

echo_and_add( total, arg2, arg3 ):

echo_and_add(total, 1+1, arg3 - 5)

end.
Pascal
program sampled4 (input, output);
var
X : real;

{ Return 1/f }

procedure reciprocal (var £ : real);
begin
£ :=1/£f
end;

begin

echoAndAdd(1+1, arg2 - 5,
}

total);

C++

#include <iostream.h>

// Return parml which is passed
// by reference.

void echoAndAdd

(int& parml, int parm2, int parm3)

{

int sum;
sum = parm2 + parm3;

cout << endl;

cout << "parm2 = " << parm2;
cout << " parm3 = " << parm3;
cout << " Their sum is: ";

cout << sum << endl;

parml = sum;

}

void main()

{

int arg2, arg3, total;
arg2 = 12;
arg3 = 34;

echoAndAdd( total, arg2, arg3 );

echoAndAdd (total, 1+1, arg3 - 5);

C++
#include <iostream.h>
// Return 1/f.
void reciprocal (floaté& f)
{

f = 1/f;
}

void main()
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x := 3.14;
writeln;

write('x =

reciprocal( x );

writeln(’

end.

The Prototype

void showTime(int hr,

{

cout << endl << hr << ':'

}

void showTime (int hr,

void showTime(int hour,

void showTime(int, int);

float x;
x = 3.14;
cout << endl << "x = "
<< X;
', x:12:6);
reciprocal( x );
recip = ', x:12:6) cout << " recip ="

<< x << endl;

In these samples, the overall structure of a C++ program, with functions po-
sitioned ahead of main( ) in the source listing, looks quite like the overall
structure of a Pascal program. In C++, however, the order of functions is arbi-
trary. Functions, including main( ), may appear in the program in any order
whatsoever. The only rule is that either the function itself or what plays the
part of a forward declaration appear prior to the function’s first call. What is
called a forward declaration in Pascal is called a prototype in C++,

A function’s declarator, followed by a semicolon, may serve as its prototype.
So might its declarator without the names of the parameters. When parameters
names are shown in the prototype, they do not have to be the actual names
used in the function’s declarator and within its body. C++ allows these names to
be shown in order to make the code self-documenting. The prototype gives the
structure of the interface: the number of parameters and their respective types.
Consider a function for displaying the time of day; it accepts two arguments,
the hour and the minute.

// The apostrophes

// around instead of
// quotes are okay

// because it is a char
// literal, not a string.

int min)

<< min << endl;

Each of the following would be an acceptable prototype.

int min); // Prototype identical to function's declarator.

int minute); // Different parameter names in prototype.

// Parameter names omitted.
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The prototype, like the function itself, may not appear within another func-
tion. It must be placed between functions or ahead of them. Each of the

following is 2 workable program.

#include <iostream.h>
void showTime(int hr, int min);

void main()

{
showTime (10, 30) ;
}
void showTime(int hr, int min)
{
cout<<endl<<hr<<':'<<min<<endl;
}

#include <iostream.h>

void showTime(int hr, int min)
{

cout<<endl<<hr<<': '<<min<<endl;

}

void alpha()

{
cout<<endl<<"From alpha'"<<endl;

}

void showTime(int hr, int min);
void betal();

void main()
{
alpha();
beta();
showTime (10, 30);
}

void beta()
{

cout<<endl<<"--From beta--"<<endl;

cout<<endl<<"Time from beta:";
showTime(9,15);

cout<<"alpha from beta:";
alpha();

cout<<"---end of beta---"<<endl;

#include <iostream.h>
void showTime(int hr, int min);

void showTime(int hr, int min)
{

cout<<endl<<hr<<':'<<min<<endl;

}

void main()
{
showTime(10,30);
}

#include <iostream.h>

void showTime(int hr, int min);
void alpha();
void beta();

void main()
{
alpha();
beta();
showTime (10, 30);
}

void beta()
{

cout<<endl<<"--From beta--"<<endl;
cout<<endl<<"Time from beta:";

showTime(9,15);

cout<<"alpha from beta:";
alpha();

cout<<"---end of beta---"<<endl;

}

void alpha()
{

cout<<endl<<"From alpha"<<endl;

}

void showTime(int hr, iInt min)

{

cout<<endl<<hr<<':'<<min<<endl;

}
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Scope and Lifetime

Pascal
program const_demo (input,output);
const
pi = 3.14;
var

diameter : real;

It is not an error to have several copies of a function’s prototype as long as
each one is correct.

In C++, all consts, structs, enums, and variables defined within a function have
scope that is strictly local to that function. They are not visible (i.e., accessible
in any way) within other functions; their lifetime is the lifetime of the function.

External constants, external structure specifications, external enumeration
specifications, and external variable declarations are the means through which
Pascal’s global consts, types, and variables are implemented in C++.

¢ They appear either ahead of all the functions or between functions, which is
to say they are apart from any particular function or, synonymously, external.

* They are known within all functions that follow them in the source listing.

Each of these has precisely the same syntactic form whether they appear in the
program or within a function. They differ from their internal counterparts only
in their scope and lifetime. Here are two examples of their use.

Example 1 Pi as a constant.

C++

#include <iostream.h>
const float PI = 3.14;

float area (float radius); // Prototype.
float circum (float radius); // Prototype.

function area (radius:real) : real;
begin void main()
area := pi * radius * radius; {
end; float diameter;

function circum (radius:real) :

diameter = 10;
real;

begin cout << endl;
circum := 2 * pi * radius; cout << "area = " << area(diameter/2);
end; cout << " and circumference = ";
cout << circum(diameter/2) << endl;
begin

diameter := 10;

writeln;
write('area =
write("

', area(diameter/2):13:6);
and circumference = '); {
writeln( circum(diameter/2):13:6 );

cout<<"(pi taken as "<<PI<<")'"<<endl;

}
float area (float r)

return (PI *r * r);

writeln('(pi taken as ', pi:8:6, ')' ); }
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end.

float circum (float r)
{
return (2 * PI * r);
}

Example 2 Database as a global variable.

Pascal

program global_array (input,output);
const
elements = 5;
var;

database : array([l..elements] of integer;

procedure initialize;
var
i : integer;
begin
for 1 := 1 to elements do
database[i] := 50;
end;

procedure print;

var
i : integer;

begin
writeln;
for i := 1 to elements do

write(database[i], ' ');

writeln;

end;

begin
initialize;
database[3] := 100;
print;

end.

C++

#include <iostream.h>

const int ELEMENTS = 5;
int database[ELEMENTS]; // 0..4

void initialize(); // Prototype.
void print(); // Prototype.

void main()
{
initialize();
database[2] = 100; // 3rd cell.
print();
}

void initialize()
{
int 1i;
for (i=0; i1<ELEMENTS; i=i+1)
database([i] = 50;
}

void print()
{
int i;
cout << endl;
for (i=0; i<ELEMENTS; i=i+1)
cout << database[i] << " ;
cout << endl;

}

The for loop as well as the
other iteration and selection
statements are explained in
detail later in this chapter.

Variables defined within a function, with scope restricted to the function, are
local variables. In the vernacular of C++ however, they are called automatic
variables. When an automatic variable and an external variable have the same
name within a local environment, the name references the automatic variable.
Just as a global variable is hidden by a local variable of the same name in Pascal,



2.5 Functions 51

an external variable is hidden by an automatic variable. The double colon, as
a prefix operator, allows access to the external variables; ::var always accesses
external variables var. Consider the following example.

#include <iostream.h>
int var; // Definition

void one()

of an external variable,

var.

{
cout << endl;
cout << "From one(): external var (via ::var) = " << ::var << endl;
cout << " external var (via var) = " << var; // No automatic named var
cout << endl << endl; // so this accesses the
} // external variable.
void two(int var)
{
var = var * 2; // Parameter var accessed. (Parameters are automatic variables too.)
::var = ::var * 2; // External var accessed.
cout << endl;
cout << "From two(): automatic var (via var) = " << var << endl;
cout << " external var (via ::var) = " << ::var;
cout << endl;
}
void main()
{.
int var;
var = 6; // Automatic var accessed.
:var = 14; // External var accessed.
cout << endl;
cout << "From main(): automatic var (via var) = " << var << endl;
cout << " external var (via ::var) = " << ::var;
cout << endl;
one();
two (var) ;
cout << "From main(): automatic var (via var) = " << var << endl;
cout << " external var (via ::var) = " << ::var;
cout << endl;
}
Here is the output.
From main(): automatic var (via var) 6
external var (via ::var) = 14
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From onef() : external var (via ::var) = 14
external var (via var) = 14
From two() : automatic var (via var) =12
external var (via ::var) = 28
From main(): automatic var (via var) =6
external var (via ::var) = 28

Arrays as Parameters

Arrays can be arguments in function calls, just as scalar types can. C++ passes
all arrays by reference. It does this without a special token in the declarator,
and it does not provide a means for passing them by value. The most signifi-
cant difference between C++ and Pascal is that C++ does not require anything
like a user-defined type in order to pass an int, float, or char array. Passing an
array of structs as an argument or an array of enums, just as passing a single
struct or a single enum, naturally requires that the specification be accessible
for defining the corresponding argument in the declarator. This means that the
specification for the structure or the enumerated data type must be external.
The following program passes a five-element izt array from main() to print().

#include <iostream.h>

const int SIZE = 5;

void print(int(]);

void main()

{
int a[SIZE];

// Prototype; alternatives are void print(int al]);
// void print(int b(]);
// void print(int c[size]);

// Length of array must be given by a numeric literal or a const.

af0]=10; all]=11; a[2]=12; al[3]=13; al4]=14;

print( a );

}

// Passing the array to print().

void print(int b[]) // Declarator; alternatives are void print(int b[SIZE]);

int 1;

7/ void print(int b[4]);
// void print(int b(3]);
// The indicated array length has no effect.
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cout << endl;
for (i = 0; 1 < SIZE; i=i+1) cout << b[i] << " ";
cout << endl;

}

Two-dimensional arrays (and arrays with more dimensions) are passed to
functions just as one-dimensional arrays, which is to say, just by using their
name. Variable twoD defined

int twoD[3][4]; // Definition.

is an int array with 3 rows and 4 columns, 12 elements in all. It could be passed
to twoDimPrint( ) like this:

twoDimPrint{( twoD ); // Function call.

The prototype for twoDimPrint( ) has to show that it has one parameter that
is a two-dimensional izt array:

int twoDimPrint( int afl][] ); // Prototype.
int twoDimPrint( int [][] ); // Alternative prototype.

An indication of number of rows and columns, as in the following, is only for
the benefit of the reader:

int twoDimPrint( int a[3]([4] ); // Yet another prototype.

These values are not used. However, in the declarator for the function, the
number of columns (i.e., the number of elements in the second dimension)
must be given as a numeric literal or a const.

The memory location of an element in a one-dimensional array can be
computed from its index alone, given the array’s basic specifications:

location = base_address + (index * amount_of_memory used_per_element)

?

Remember, the first element
has an index of 0.

In a two-dimensional array, the address of the third element in the second
row depends upon how many elements there are in the first row. In general,
the memory location of the element afrowj/col] is

array's_base address

elements_ per_row * amount_of memory used_per element * row
+ amount_of_memory_used per_element * col

memory_location

Thus the declarator for twoDimPrint( ) could assume these forms:

int twoDimPrint( al[][4] ) // The 4 is needed for computation.
int twoDimPrint( af3][4] ) // The 3 is only for documentation.
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Often, when an array is passed to a function, it is accompanied by in-
formation pertaining to the number of elements in use and/or some other
information. Certainly the parameter list may include entries that indicate
bounds as in:

// Sort a [leftEnd ... rightEnd]
void quickSort( int a[], int leftEnd, int rightEnd )

C++ supports recursion, of course. As in Pascal, a recursive function and a
recursive function invocation look no different from non-recursive ones.

Pascal C++
{ Output := input!, for input }
program recursive_fact (input,output); #include <iostream.h>
var int factorial (int n);
i : integer; void main()
function factorial(n:integer):integer; {
begin int i;
if (n=0 or n=1) then factorial := 1 for (i=0; i<=6; i=i+l)
else factorial := n*factorial(n-1); cout<<i<<" factorial = "<<factorial(i)<<endl;
end; }
begin int factorial (int n)
for i:= 0 to 6 do {
writeln(i, 'factorial = °, if (n== // n==1) return 1;
factorial(i) ); else return n*factorial(n-1);
end. }

Structs as Parameters

Structures and enumerated types are passed to functions and returned in the
same way as ints, floats, and chars. The stage for this is set with external
specifications. Consider a program that begins as follows:

#include <iostream.h>

enum upOrDown {ascending, descending};

struct itemRec // External struct specification.
{
int serialNum;
float cost;
int stockNum;

char description(41];
};
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Henceforth, upOrDown and itemRec can be used in all the same places and in
all the same ways as built-in data types. For instance, a function may define a
100 element itemRec array called inventory:

itemRec inventory[100];

Consider this function declarator.

void sortStock (itemRec piece[], int piecesOnHand, upOrDown direction)

The first use of sortStock( ) may be to put an inventory of 83 items into
ascending order.

sortStock(inventory, 83, ascending);

Within sortStock( ), the stockNum of the struct at index 5 could be accessed
like this:

piece([5].stockNum.

2.6 Dynamically Allocated Structures

head

Linked lists and, analogously, all data structures built from dynamically allo-
cated structs (records in Pascal terminology), are handled in C++ with language
elements that correspond closely to Pascal’s. Assume the following list of nodes,
each of which has two members (fields in Pascal), a variable called letter and
a variable called next. The first difference is that C++ uses NULL instead of Pas-
cal’s nil. NULL is a constant that is set to 0. (It is defined and used in header
files iostream.bh and alloc.h.) Because it is a constant, the convention is fol-
lowed that it be capitalized. Wherever NULL appears in a program it may be
replaced by 0 (the numeral zero, not within apostrophes, and not preceded by
a backslash, and not an ASCII 0).

T -> h -> 1 -> n |NULL| rear

letter next letter next letter next letter next

The preparation for this list requires setting forth the configuration of node and
defining the external pointers head and rear. Giving the configuration means
specifying the members of the struct to be used as the node data type.

Pascal C++

type struct node
pointer = “node; {
char letter;
node = record node* next;
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letter : char;
next : pointer;
end; }:

Just as identifiers pointer and node are discretionary names chosen by the
programmer of the Pascal fragment, the name of the struct is arbitrarily called
node. The first component of struct node has type char and name letter. Within
the struct, the first member declared is named letter, and it is a char. The sec-
ond member is named next. Its data type is “the address of a node” or, more
succinctly, a node pointer. Like pointers in Pascal, pointers in C++ are typed:
a pointer to structs of type node cannot point to any other kind of struct or
datum. The asterisk indicates that the data type is a pointer; the identifier to the
left of the asterisk indicates what is at the address: a node struct. The syntax
for defining external pointers (i.e., pointers that are not part of the list) works
the same way.

Pascal C++
var node* head;
head : pointer; node* rear;
rear : pointer; node* newNode; // To hold the address of
new_node : pointer; // a newly allocated node

var

// until it is installed
// within the list.

For bhead and rear (along with any other pointer to node) to be defined in a
single statement, the asterisk must be repeated. Consider the notations:

Pascal C++
node* head, * rear, * newNode;
head, rear, new_node : pointer;
or
node * head, * rear, * newNode;
or
node *head, *rear, *newNode;

Typedef

C++ offers a mechanism for associating a name with a data type that corre-
sponds to the type declaration in Pascal: prefixing a type declaration by the
keyword typedef. An important use of type and typedef is to define structures
of the same type in different places. In Pascal, the only means for passing a
record or an array to a subprogram is to create a data type and to declare the
parameter and the prospective arguments to be of this type. This is because
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Operator new

new node”.letter
new_node” .next

two records or two arrays, even if their components are identical, are of distinct
types if not defined by way of the same name.

Even though a fypedef need not be named to implement a dynamically al-
located data structure, doing so makes the structure’s specification and the
definition of external pointers analogous to the customary practice in Pascal.

Pascal C++
type typedef struct node* pointer;
pointer = “node;
struct node
node = record {
letter : char; char letter;
next : pointer; pointer next;
end; };
var
head, rear : pointer; pointer head, rear;
new node : pointer pointer newNode;

To append a new node to the list, so that a traversal through the list spells
“think,” a new struct is allocated and then filled with the letter ‘& and the
pointer NULL (since it will be the list’s rearmost node).

Pascal C++

new(new_node) ; newNode = new(node);

// Alternately: newNode = new node;
// because new is actually an operator.

= 'k’'; newNode -> letter = 'k';
= nil; newNode -> next = NULL;

Pascal and C++ both use a facility called new for allocating memory space. In
Pascal, the new facility may be thought of as a procedure to which the “pointer
variable” receiving the address is passed by reference. In C++, the new facility
may appear to be a function that returns the address, although technically it is
an operator. This operator requires an operand that is the name of the struct
for which it is to allocate space. It uses the name (1) to determine the size of
the memory space that needs to be reserved, and (2) to prescribe the data type
of the returned pointer. C++, just like Pascal, is strongly typed with respect to
pointers: it will not permit the address of one type of struct (e.g., a node struct)
to be assigned to a pointer variable declared or defined to point to any other
type of struct.
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Member Access

The members within dynamically allocated structs are accessed with the arrow,
a two-character operator composed of the dash and the greater than sign. Once
again, here is another similarity to Pascal. In Pascal, the dot () is used to access
fields within records when a variable holds the record itself and the caret-and-
dot (") to access fields within records when a variable holds a pointer to a
record. C++ uses the dot () as the member access operator when a variable
holds the struct itself and the dash and greater than sign (->) as the member
access operator when a variable holds a pointer to a struct.

Manipulating Dynamic Structures

Linking the new node onto the end of the list involves no additional langauge

considerations:
Pascal
if (rear <> nil)
then
rear”.next := new_node
else

head := new_node;

rear := new_node;

C++

if (rear != NULL) // If list not empty.
rear -> next = newNode;

else
head = newNode;

rear = newNode;

Traversing the list is also routine. The mechanics of the operation require an
appropriately defined variable (e.g., movingPtr) that is repeatedly updated to
the address of successive nodes.

Pascal

var
moving ptr : pointer;

moving ptr := head;
while moving ptr <> nil do

begin
write(moving ptr~.letter, ' ');
moving ptr := moving ptr”.next
end;

C++
node* movingPtr;
// Alternately: node * movingPtr;
// or: node *movingPtr;
movingPtr = head;
while (movingPtr != NULL)
{
cout << movingPtr->letter << " ";

movingPtr = movingPtr->next;

}
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Delete

Memory taken with operator new is returned (i.e., freed or deallocated) with
the operator delete. It may be thought of as a function like Pascal’s dispose fa-
cility, though it is an operator. The following code removes the first two nodes
from the list and releases their storage.

Pascal C++

var

old_node : pointer; node* oldNode;
old_node := head; oldNode = head;
head := head” .next; head = head -> next;
dispose(old_node); delete(oldNode); // Also okay: delete oldNode;
old_node := head; oldNode = head;
head := head”.next; head = head -> next;
dispose(old_node); delete(oldNode) ;

Data Structure as Arguments

Data structures are passed to functions by passing the appropriate pointers. A
tree may be passed to a preorder traversal function by passing a pointer to its
root. A stack may be passed to a pop function by passing a pointer to its top.
A queue may be passed to an append function by passing a pointer to its head
and rear. When there is no chance that a pointer will need to be changed, for
instance, if the function is a traversal, it may be passed by value. When point-
ers may need to be updated, such as when a new struct is being installed into
a priority queue, they must be passed by reference. Functions can also return
pointers to structs.

In order for a function’s prototype or declarator to declare a pointer to a
struct as a parameter or as its return type, the struct must have been declared
earlier. This is also the case for a function to be able to define a pointer to a
struct as an automatic (local) variable.

Just as a parameter may be declared to receive structs from the call by us-
ing the struct’s name as its data type, a parameter may be declared to receive
pointers to structs by using the struct’s name followed by an asterisk. This is
syntactically consistent with declarations of a pointer to a struct inside the struct
(e.g., node* next) and with definitions of stand-alone pointer variables such as
head and rear (e.g., node* bead). By default, a pointer argument is passed by
value just as an int, char, or float argument. A pointer argument may be passed
by reference by following its data type with an ampersand (e.g., node’& last),
just as an int, char, or float argument. A function’s return type can be declared
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to be a pointer to a struct by using the struct’s name followed by an asterisk.
Here are some sample prototypes.

int numOfNodes (node* front);
// Return the number of nodes on list front.

node* pointerToNodeBeforeIt (char key, node* head);
// Return the point p such that p -> value = key.

void append (char let, node*& front, node*& rear);

// Allocate a new node, copy character let into its letter member,

// and attaches the node onto the end of the list;

// rear is passed by reference because it is always updated;

// front is changed from NULL when the list's first node is appended.

Pointer variables are used as arguments in function calls without any special
notation. A pointer argument can be any expression (including a variable) that
evaluates to a pointer of the proper data type. For instance, a function that
prints segments of a linked list of node structs may have this prototype:

void printList(node* startPlace, node* stopPlace);
It may be invoked with the calls

printList(head, rear); // Print full list, from head to rear inclusive.
printList (head->next, rear); // Print from second node to rear.
printList( head->next, (head->next)->next ); // Print second and third nodes.

Finally, the following shows how the complete program for creating and
printing the list of nodes depicted at the opening of this section fits together.
When it is run, the output is the word “T hi n k”.

#include <iostream.h>

struct node // External specification of the node struct
{ // (node is the name we chose; it is not a keyword).
char letter;
node* next; A pointer to structs of type node.|

}i

Passed by reference. |

void append (char let, node*& front, node*& rear)
{

node* newNode; // Define a pointer to structs of type node.

newNode = new(node); // Get the new node and
// assign its address to newNode.
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newNode -> letter
newNode -> next

if (rear != NULL)

= let;

// If list is not empty.

rear -> next = newNode;
else

front = newNode;

rear = newNode;

}

A pointer to structs of type node, passed by
value (no ampersand).

/

T

void printList {(node* startPlace, node* stopPlace)

{
while (startPlace != NULL && startPlace != stopPlace->next)
{
cout << startPlace->letter << " ";
startPlace = startPlace->next; // Parameter startPlace
} // can be reset without

}

void main()
{
node* head;
node* rear;

head
rear

NULL;
NULL;

append('T',
append('h',
append('i"’,
append('n’',
append('k’,

head,
head,
head,
head,
head,

rear);
rear) ;
rear);
rear) ;
rear) ;

cout << endl;

printList (head, rear);
cout << endl;

2.7 Output and Input

// affecting its argument, since
// it is passed by value.

Header file iostream.b provides the interface for accessing the fundamental fa-
cilities for entering information into the system’s default output stream. These
facilities include representation of the output stream itself, cout; the insertion
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operator (into the output stream), << ; and the linefeed and carriage return
constant, endl. It also provides the fundamental facilities for capturing infor-
mation from the system’s default input stream: the representation of the input
stream itself, cin; and the extraction operator (from the input stream), >>. The
default output stream is often associated with the display screen, the default
input stream, with the keyboard.

Using cout for Output

New lines with end|

Formatting Output

The use of cout with insertion operator << corresponds functionally to Pascal’s
write and writeln. All of the following, in any combination and number, can
be an operand for cout:

e ints, i.e., expressions that evaluate to integers;

e floats, i.e., expressions that evaluate to floats;

e chars, i.e., expressions that evaluate to characters;

string literals, i.e., strings enclosed between delimiting quotation marks; and

e strings, i.e., char array segments that contain a "\0’ to signify the string’s end.

Using cout has the effect of a write. The operation of the writeln is affected
when the last item designated for output is the constant endl. Suppose that i
and j are ints. The following illustrations demonstrate how cout may be used.

Pascal C++
writeln; cout << endl;
writeln; cout << endl;
writeln; cout << endl;
writeln; cout << endl;
——alternately

cout << endl << endl << endl;

write('i = ', i); cout << "i = " << i;
writeln (' and j ="', j) cout << " and j = " << j << endl;

When items are sent to output without explicit instructions for formatting, de-
faults are applied. Characters are shown in a field one space wide. String literals
and string variables are shown in a field whose width equals the string’s length.
Integers and floats are similarly printed with neither left nor right padding.
Floating point values are printed in standard decimal (not exponential) nota-
tion. When a value is fractional, such as .25, it is displayed with a zero to the
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write('

Pascal

':25);

{gives

left of the decimal point. On the right side of the decimal point, trailing zeros
are not shown. When a float is an integer value, the default is to display it
without the decimal point.

The formatting facilities that obtain the same range of control over
output as that offered by Pascal in C++ are setw( ), setprecision( ),
setiosflags(ios::showpoint), resetiosflags(ios::showpoint), setiosflags(ios::fixed),
resetiosflags(ios: fixed), and setiosflags(ios::scientific). These are made available
with the inclusion of header file iomanip.b.

o setw(e).
Set the width of the field into which the next int, float, or string will be
printed to e characters wide, where e is any arithmetic expression. When e
is a float, it is truncated; where e is negative or zero, the instruction is ig-
nored. Values are displayed right-justified. When the field is not of sufficient
length, it is automatically enlarged to the right so that information is not lost.

C++
25 spaces} cout << setw(25) << " "; // Gives 25 spaces.
cout << setw(25) << ""; // Also gives 25 spaces.

e setprecision(e).
Set the maximum number of places to the right of the decimal to be dis-
played to e, where e is an arithmetic expression. The literal e could have
been any other literal, variable, or an expression. A negative or zero spec is
ignored to yield the default. This formatting command has no effect on ints,
chars, or strings; and it only shows the indicated number of places for floats
when these are nonzero and actually present. Once the maximum precision
of floats has been explicitly set (i.e., once the setprecision(e) command has
been sent to coud), it remains in effect until a subsequent setprecision( )
command is used with cout to change it.
e setiosflags(ios::showpoint) and resetiosflags(ios::showpoint).

Even when cout has been sent the command setprecision(3), the value of a
Sloat will be displayed with only two places to the right of the decimal if that
is all it has. If it has only one place, only one will be shown, and if it has no
places to the right of decimal point then the point itself will be absent. How-
ever, trailing zeros will be shown to pad floats to the number of places given
by setprecision( ) after setiosflags(ios::showpoint) is sent to cout. This direc-
tive remains in effect until it is toggled off by resetiosflags(ios::showpoint).
Showing the point may be important when printing a report with dollars
and cents.

o setiosflags(ios:.fixed), resetiosflags(ios:.fixed), and setiosflags(ios:.scientific).
To display floating point values in scientific notation, two commands
have to be used with cout: resetiosflags(ios:.fixed) followed by setiosflags
(ios::scientific). After this, all floats will be displayed conventional exponen-
tial format (e.g., 1.234e+02) until the fixed notation is reinstated by sending
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setiosflags(ios:.fixed) to cout. The precision of values shown in scientific
notation is determined by the most recent setprecision( ) directive.

float flo;

flo = 123.45678;

cout << setprecision(3);

cout << flo << endl; // Value displayed is 123.457.

cout << resetiosflags(ios::fixed) << setiosflags(ios::scientific);
cout << flo << endl; // Value displayed is 1.234e+02.

cout << setiosflags(ios::fixed);

cout << flo << endl; // Value displayed is 123.457.

The following program shows some of these formatting features in action.

#include <iostream.h>
#include <iomanip.h>

void main()

{
float principal;
principal = 100; // One hundred dollars.

float interestRate;
interestRate = .04; // Annual interest rate.

int compoundingsPerYear;
compoundingsPerYear = 4;

int year, collects;
cout << endl;

cout << "Principal thru 10 years if the account is otherwise dormant"
<< endl << endl;

cout << "Annual Iinterest rate: "
<< getiosflags(ios::showpoint) << setprecision(4) << interestRate
<< setw(5) << " " << "Compoundings per year: "
<< compoundingsPerYear << endl;

cout << setw(1l3) << " " << "Rate per interest period: "
<< interestRate/compoundingsPerYear << endl << endl;

cout << setw(51) << "Opening deposit: s
<< sgetprecision(2) << setw(7) << principal << endl;

for (year = 1; year <= 10; year = year + 1)
{
for (collects=1; collects<=compoundingsPerYear; collects=collects+1)
principal = principal + principal * (interestRate/compoundingsPerYear) ;
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cout << setw(46) << "at end of year " << setw(2) << year
<< ": " << gsetw(7) << principal << endl;

Using cin for Input

The output here is as follows.

Principal thru 10 years 1f the account is otherwise dormant

Annual interest rate: 0.0400 Compoundings per year: 4
Rate per interest period: 0.0100

Opening deposit: $ 100.00
at end of year : 104.06
at end of year
at end of year
at end of year 117.26
at end of year 122.02

1
2 108.29
3
4
5:
at end of year 6: 126.97
’7.
8
9
0

112.68

at end of year 132.13
at end of year 137.49
143.08
148.89

at end of year :
at end of year 10:

The name of the standard input buffer is cin. Used in conjunction with ex-
traction operator >>, it corresponds to Pascal’s read. The extraction operator
is used between cin and the first variable to receive a captured value as well
as ahead of all subsequent variables. The izt variables ¢ and j, the float vari-
ables f and g, and the char variables ¢ and d can be assigned values from the
keyboard with constructions such as:

cin>>i>>j>>f>>g>>c>>d; cin >>i>>j;
cin>>c¢;
: : ; or .
cin>>i>>f>>c>>d>>g>>j; cin>>f>>d;
cin>>g;

Good programming demands that appropriate prompting be provided with
cout. Proper integer values and floating point values must be entered where
expected. A single mistake, such as typing an ‘A’ when processing seeks a
value for 7, or a comma in place of the decimal point in the value for f, will
adversely affect that assignment and subsequent assignments.

All leading “white space” input such as key strokes from the space bar, the
enter key, and the tab key are ignored by the extraction operator in making
these assignments. White space is ignored as trailers, except for the enter key,
which causes the value’s assignment to the item to be carried out. However,
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these trailers, including the activating enter, are left on the input stream. Thus
when the program pauses in response to cin >> i >> j, the keystrokes:

|;r1ter| ,space' |enter] |space‘ ltabl |space|

will cause 123 to be stored in ¢ and, continuing without noticable response
from the computer,

En_te_r_l le_nte_r] lintﬂ space space] [enteil @

will cause 456 to be stored in j. The final enter will remain on the input stream.
Similarly, when the program pauses in response to cin >> ¢; the keystrokes

|€nter| Ispacel |er1ter1 |space| |tab| rspacel [spacel lenterl

will cause the character A to be stored in ¢ and leave the trailing space and
enter on the input stream. The implication of this latter is that the insertion
operator, >>, cannot be used to read-in a space or an enter (also known as a
return).

A potentially serious difficulty arises because the enter key must be struck
to move the contents of the input stream, including the ASCII representation
of the struck enter key, into the processing arena. The insertion operator, al-
though it discards this value with its next input, does not remove it (or any of
the other trailing white space) as a clean-up service during the current input. In
fact, neither does the statement cin.get(charVar), which is the one used both to
rid the input stream of the residual enter character and the other characters left
behind. Function cin.get() is provided for by the header file iostream.b. Letting
ch1, ch2, ch3, ch4, and ch5 be char variables and letting string1 and string2
both be defined as char81], the following segments of code demonstrate:

cin >> chl; cin.get(ch2);

The program awaits a character from the keyboard. User strikes the A key and
the enter key. ‘4’ is assigned to chI and an “enter” (actually an ASCII 10, which
is the new line character represented in C++ code by "\»') is assigned to ch2.
If the input stream has been holding a residual return from a past input opera-
tion, it would have been instantly captured and assigned to ch1 instead of any
character from the keyboard.

cin.get(chl);

If the input stream is devoid of characters, the program awaits a character from
the keyboard, exactly as it would for cin>>ch1. Suppose the user strikes the
A key and the enter key. ‘4’ is assigned to ¢h1 and “enter” is left on the input
stream.

cin.get(chl); cin.get(ch2);
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If the input stream is devoid of characters, the program awaits a character from
the keyboard. Suppose the user strikes the A key and the enter key. ‘4’ is as-
signed to ch1 and without perceptible delay, "\»’ is assigned to ch2. The input
stream is left empty.

cin.get(chl); cin.get(ch2); cin.get(ch3); cin.get(chd);
cin.get(ch5);

If the input stream is devoid of characters, the program awaits a character from
the keyboard. Suppose the user strikes these five keys in succession: A B C D
enter. They are respectively assigned to ch1, ch2, and so on; and because the
enter is assigned to ch5, the input stream is left empty.

cin.get(stringl, 80); cin.get(chl); cin.get(string2,80);
cin.get(chl);

If the input stream is devoid of characters, a string terminated by enter, which
may contain spaces, is captured from the keyboard and assigned to string1. The
function get( ) automatically appends "\0’ to stringl, but it leaves the terminat-
ing “enter” on the input stream. Immediately thereafter the following statement
takes it off and assigns it to ch1. Next, another such sequence of keystrokes
is captured and assigned to string2. The final statement clears its terminating
return from the input stream.

If the input stream had held a residual return, this sequence of statements
would not have performed as intended. Instead, stringl would have been as-
signed that which was ahead of the residual return on the input stream, which
is to say nothing (so it would equal the null string); ch1 would get the re-
maining return; string2 would receive what was intended for string?; and ch1
would be updated with its delimiting enter.

cin.get(stringl, 80, '@'); cin.get(chl); cin.get(string2,80,'~");
cin.get(chl);

This sequence of statements works precisely as those preceding, except that
the delimiting character for the first string is the at sign, not the enter, and the
delimiting character for the second string is the tilde. For both strings, enters
within the captured sequences of characters are stored as an ASCII 10, ‘\n’
character. Following the assignment stringl, the ‘@ left behind on the input
stream is assigned to ch 1. Following the assignment to string2, ch1 is assigned
its delimiting ‘~’.

The character on the front of the input stream can be accessed for observa-
tion with function peek( ) that comes with the header file iostream.b. Because
inputs by way of cin.get( ) may not work as intended when the input stream
holds remaining white spaces, a residual return, or a nonwhite space charac-
ter that had been used as a sentinel, it can be important to test for these and
remove them.

while (cin.peek() != '\n') cin.get(ch); // Remove all chars on
// the input stream up
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File I/O

// to the return.

if (cin.peek() == '\n') cin.get(ch); // Remove the return.

Input can be from disk files as well as from the keyboard and other devices,
and output can be to disk files as well as specifically directed to the display
screen or the printer. File i/o uses the facilities made available through the
header file fstream.b.

2.8 Summary and Review

The intent of this chapter was to show that (and how) any process that was
expressible in Pascal is expressible in C++. The purpose of the next chapter
is to introduce the conventional programming facilities offered by C++ that
go beyond those offered by Pascal. Some of these enable familiar operations
to be expressed more conveniently (e.g., the unary increment and the vari-
ous assignment operators such as += and -=). Other facilities enable options
that could not be done in Pascal (e.g., function overloading and/or providing
default values for parameters).

The chart on pages 70-80 and the following index review the information
contained within this chapter in a manner that facilitates reference and use.
Recognize that these are only a summary of the C++ “starter subset” for Pascal
programmers. They do not form a comprehensive overview of C++.
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Index of C++ Symbols, Keywords, Operators, and
Library Functions Forming “the Pascal Subset”

V4

/* comment ¥/
{}

()

[]

[

\n

\0

<<

>>
+-*/%

++ ——
== /=< <=> >=
&& ||/

->

int
int()
Sloat
SloatO
char
char()
void
long
double
const
enum
struct

typedef

Jfor, while, do-while

break, continue
if; else
switch

This chart is continued on page 80.

comment to end of line

begin and end

for grouping terms in expressions

to declare/define arrays; accessing subscripted elements of an array

to declare/define two-dimensional arrays; accessing elements of 2-dim arrays

escape sequence for newline (ASCII 10)

the null zero string terminator (ASCII 0)

output operator, used with cout

input operator, used with cin

arithmetic binary operators

assignment operator

unary increment and unary decrement

relational operators

logical operators

to denote parameter is passed by reference

declare/define a variable to be a pointer—to hold addresses of dynamically
allocated structs

member access operator used with pointers to structs

member access operator used with a struct directly (e.g., an array of structs)

data type (—32,768 . . . 32,767)

cast

data type

cast

data type

cast

denotes that a function returns nothing

data type (an extended range int: —2,147,483,648 . . . 2,147,483,647)

data type (an increased precision float)

example: const float PI = 3.14159;

to specify an enumerated type

to specify a structure (i.e., “record")

like type, gives a neat definition of pointers to structs

loops

early exit from a loop

selection

incorporates keywords like the Pascal case statement
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Pascal’s structures

comments

data types:
integer, real, and char

string literals

write and writeln
with formatting

the assignment statement
the arithmetic operators:

addition, subtraction,
multiplication,

real division (/),

integer division (div),

and modulus (mod);

the unary minus and plus;
trunc() and round()

C++'s structures

comments using the double slash
and using the /* */ pair

data types:

int, float, and char, with variables
defined at various points within the
program (e.g., variables as they are
needed; defining a for loop’s control
variable within the for statement) and
initialization at the time of variable definition;

string literals within output statements

cout, the extraction operator << and
end|, optionally with formatting using:

setw(fieldWidth)
setprecision(places)

setiosflags(ios::showpoint) and
resetiosflags(ios::showpoint)

setiosflags(ios::fixed),
resetiosflags(ios::fixed), and
setiosflags(ios::scientific)

the assignment statement
the arithmetic operators:

addition, subtraction, multiplication;
division with two integer operands

in contrast to real division;

the modulus (integer division remainder)
operator, %; the unary minus and

plus; cast int and cast float;

the prefix and postfix increment
operator ++ and the prefix and postfix
decrement operator --
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Examples

cout << “Hi!”; // Comment.

/* use this for multiline comments
and to comment-out segments of
code that include comments to
end of line that is marked off by // */

int age; // To be entered by user.
float seed = 0.45367;
char yes or_no = 'y’;

int accum = 0; // To get sum of 1..10.
for (int 1 = 1, 1 <= 10, 1i++)
accum = accum + 1i;

cout << ”sum = " << accum << endl;
cout << getw(10) << ~ "; // 10 spaces.

pricel = 12.34; price2 = 100;

cout << setprecision(2);

cout << setiosflags(ios::showpoint);
cout<<endl<< ’$’ << setw(8)<< pricel;
cout<<endl<< ‘S’ << setw(8)<< price2;

float x = 1.23, y = 100;
cout<<endl<<”x="<<x<<” y="<<y<<endl;
cout<<resetiosflags(ios::fixed)

<< setiosflags(ios::scientific);
cout<<endl<<”x="<<x<<” y="<<y<<endl;
cout<< setiosflags(ios::fixed);
cout<<endl<<”x="<<x<<” y="<<y<<endl;

temp = a; a = b; b = temp;

x = a + (b-c)*d;

int quoti
float quotf

12/5; // quoti <- 2
12/5; // quotf <- 2

int gi=float(12)/5; //qi stores 2
float qf=float(12)/5; //gf stores 2.4

i++; // means 1 = i+1;
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Pascal’s structures

language provided func-
tions (e.g., sqrt());
programmer-authored
functions and proce-
dures; parameters
passed by value and
passed by reference

char data and the func-
tions ord(), chr(),
succ(), and pred()

control structures:

the six relops:
=, <>, <, <=, >, >=

the logical operators:
and, or, not

concatenation with
begin and end

selection with:
if .. .then, if ... then.
and case

iteration with:
for loops, while loops,

.. else,

and repeat . . . until loops

constants and enumerated

C++'s structures

language provided functions (e.g.
sqrt()); programmer-authored
functions, including functions
with the return type void;
parameters passed by value and
passed by reference using &
following the parameter’s data type
in the function heading (not C’s
traditional pass by pointer)

char data with the concept of a char
as a small integer; the int cast
for outputting the ordinal value of
a char and the char cast for outputting
the character associated with an int

control structures:

six relational operators:
==, I=, <, <=, >, >=

the logical operators:
&&, 11, 1; 0 as false

concatenation with

{and }

selection with:
if, if-else, and
switch (requires the
keyword case and break statement;
use of the default option)

iteration with:
for loops, while loops,
and do-while loops; use
of break and continue
to exit from loops

defining consts and enums
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Examples
++i; // means i = i+1;
Only headings shown:
void printColumnHeadings ()
int gcd (int numl, int num2)

void swap (float& a, float& b)

int digit = charNumeral + ‘0’;
lowerCase = upperCaseLetter + 32;

cout << “ASCII of ’'§’ =~
<< Iint(’S$’);

cout << ”"ASCII #3 is a heart: *
<< char(3);

if (a==b) cout << “They’re equal.”;
else cout<<”They’re not equal.”;

if (grade >= 87 && grade <= 89)
{
cout << ”"B+”;
accumB_Plus = accumB_Plus + 1;
}

float sum = 0;
int i=0;
while (sum <= 5)
{
1++;
sum = sum + 1.0/1i;
}

cout<<i<<” terms of the harmonic ”
<<”series brings the sum to ”<<sum;

const float PI = 3.14159;
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Pascal’s structures C++'s structures
data types
type the typedef declaration
read and readlin cin, insertion operator >>

to read an int, float, or
nonwhite space char;

cin.get(ch) to read-in a white space
char and to empty the input stream;
(the latter requires using cin.peek()
and using ‘\n’);

getch( ) to read-in a char, directly
from the keyboard (unbuffered);

arrays of integer, real, arrays of int, float, and char;
and char; two-dimensional arrays;
two-dimensional arrays initializing int arrays,

float arrays, and char arrays;

strings: char arrays whose
substance is terminated with ‘\0’,
the null zero;

string output with cout and

the insertion operator;

string input with cin and

the extraction operator;

string input with cin.get( ); and
the string manipulation functions
strlen( ), stremp( ), and strcpy()
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Examples

enum boolean {false, true};
boolean keyFound;

typedef int Miles;
Miles distToPUP, distToPNY;

cout << ”Enter number of cases: ”;
cin >> n;

while (cin.peek() != ‘\n’)
cin.get(ch);
if (cin.peek()==’\n’) cin.get (ch);

char ch=getch();// Awaits keystroke.

getch();// Also pauses for keystroke.
// The returned character
// can be disregarded.

int intArray[10]; // Subscripts: 0..9.
float piPowers[3] = {0, 3.14, 9.86};
char screen(24][80];

char string[] = ”"Bjarne Stroustrup”;
cout<<endl<<’|[’<<string<<”| has ”
<< strlen(string) << ” letters.”

<< endl;

char wordl[10], word2[10]; // 9 letter max.

cin >> wordl; // Suppose it is aaaa.

cin >> word2; // Suppose it is bbb.

if ( strcmp(wordl, word2) == 0 )
cout<<”They are the same word.”;

else if ( strcmp(wordl,word2) < 0 )
cout<<”Wordl is first.”; //It is!

else cout<<"Word2 is first.”;

cin.get (charArray, maxNumOfChars);
cin.get (charArray, maxNumOfChars, '@’);

strepy(str, ”Hello World!”);
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Pascal’s structures

opening files for output

opening files for input;
the not eof construct

C++'s structures

opening files for output with ofstream

opening files for input with ifstream;
reading input files to their end with
the while (! .eof) construct

<< to write-out an int, float, char,
or string;

put(ch) to output a char

>>to read-in an int, float, or
nonwhite space char;

get(ch) to read-in any char,
including white space chars;

getline( ) to read-in an entire line
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Examples

ofstream dataOut ("b:projlcpy.dta”);
ofstream printer(”LPT1”);
ofstream screen(”CON”) ;

ifstream dataIn(”a:projectl.dta”);

// The comments below show what the lines in A:DATA.1 look like:
ifstream data(”A:DATA.1”");// 65 A

int number = 0; // 66 B

char letter = ' '; // 67 C

data >> number;

while (! data.eof() )
{
data >> letter;
cout << endl << number << ” ”
<< letter << endl;
data >> number;
}

// Copies a file, including white space and end of lines, char by char.
ifstream termPaper (”a:paper”) ;

ofstream copy (”b:paper.cpy”) ;

ofstream printer(”LPT1”);

char ch;

termPaper.get (ch) ;
while (! termPaper.eof() )
{
copy <<ch;//or copy.put(ch);
printer<<ch;//or printer.put (ch);
termPaper.get(ch) ;
}

// Copies a file, line by line (each line is construed as a string).
ifstream termPaper (”a:paper”) ;

ofstream  copy(”b:paper.cpy”);

ofstream printer(“LPT1”);

char line([81].

while (! termPaper.eof() )
{
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Pascal’s structures

records:
arrays of records and
dynamically allocated
records

C++'s structures

structs:
arrays whose elements are structs,
the “dot” operator (member access
operator) for accessing members, and
passing arrays to functions (arrays

are automatically passed by reference);

dynamically allocated structs:
the * for defining a variable as a
pointer to a struct, the operators

new and delete, the -> member access
operator for use with a pointer to a
struct; passing pointers to structs
by value and by reference
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Examples

termPaper.getline(line, 80);
copy << line << endl;
printer << line << endl;

}

external

Struct sampleStruct

(
int a, b, c;
):

void showStruct (sampleStruct triple);
// Prototype -- structure passed by value.

void showArray (sampleStruct tripleArray([], int n);
// Prototype -- array passed by reference.

void mainf()
{
int i;
sampleStruct s([5];

for (i=0; 1i<5; i++)
{
sfi].a = 1*10 + 1;
sfi].b = i*10 + 2;
s{i].c = 1*10 + 3;
}

showStruct( s[3] ):
showArray( s, 5 );

}

external

typedef struct node* nodePtr;

struct node
{
char letter;
nodePtr next;// or node* next;
}:

void printList (nodePtr front);
// prototype -- structure passed by value
// or void printList (node* front);

void append (nodePtr& front, nodePtr& rear);
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Examples

// prototype -- structure passed by reference
// or void append (node*& front, node*& rear);

void main()
{
nodePtr head = NULL, rear = NULL;

nodePtr firstNode = new(node);
firstNode -> letter = ’a’; firstNode -> next = NULL;

head = firstNode; rear = firstNode;

printList( head ); append( head, rear );

}
Chart continued from page 69.
case, break, default
cin reading int, float, char (skips white space)
cin.get() reading next char on input stream (takes white space)
also: overloaded to read-in whole strings
cin peek() for testing next char on input stream
getch() “pauses until a key is pressed"—entered character is not displayed on the
screen
getche() same as getch, except that the entered character is echoed
cout outputs int, float, char, string
endl linefeed (flushes buffer), used with cout
setw()
setprecision()

setiosflags(ios::showpoint) and resetiosflags(ios::showpoint)
setiosflags(ios:.fixed), resetiosflags(ios:.fixed), and setiosflags(ios::scientific)

new create a dynamically allocated struct

delete deallocates memory used by a dynamically allocated struct
ifStream to define and open and input text file

>> to read-in next int, float, nonwhite space char from text file
get() to read-in next char from text file

getline(Q to read-in entire line from text file

eof0 end of file flag: while(! dataln.eof() )

ofstream to define and open an output text file

<< to output int, float, char, or string to text file

strcpy(Q to copy contents of one string into another

stremp() to test two strings (such as a relational operator)

strien() returns number of chars up to the ‘\0' sentinel

strcat() to concatenate two strings
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Procedural C++ That

Extends Pascal

3.0 Introduction

3.1 Operators

Equipped with the C++ subset that covers Pascal, one can write any program
in C++ that could have been written in Pascal. Reading code that others have
written, however, leads to a discovery of additional operators, the use of dy-
namic allocation to enable the definition of nonlocal variables (i.e., nonlinked
storage with a lifetime exceeding that of the function), and new capabilities of
functions beyond those in Pascal. These are the topics discussed in Sections
3.1, 3.2, and 3.3, respectively. The purpose of this chapter is not to provide
an exhaustive survey of the entire nonobject part of C++ (which includes C).
The aim is to highlight those useful language structures that are characteristic
of C++ that lack direct analogues in Pascal.

C++ has C’s repertoire of operators. Many of the operators are neither found in
algebra nor in other widely used languages (e.g., Pascal, PL/1, FORTRAN, and
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Assignment

BASIC), and their presence contributes to C’s arcane look. Those who know
programming languages, however, recognize some of C’'s symbology as sim-
ilar to that of ALGOL 68. Whether familiar or not, nothing is very new here.
For example, the modulus operator which is mod in Pascal is the percentage
sign, %, in C++. Not only does it perform identically, but the same requirement
applies that both operands must be integers. The division operator acts differ-
ently, however: the familiar forward slash is overloaded in C++ to signify both
Pascal’s “real divide” and its “integer divide,” div. When both operands are in-
tegers, as in 10 / 3, C++ performs a div. This, fortunately, is one of very few
operators that look the same but perform differently enough to cause surprises.

The assignment operator, =, brings some subtleties. As the assignment opera-
tor performs the job of Pascal’s assignment :=. But its property of resolving to
the value of the left operand (in the same manner that the term a + b resolves,
within an embedding expression, to a sum) can lead to Boolean expressions
that correctly compile, but may be misused. The mistake is not generally made
in the context of assignment; it is made in a relational expression, if used in-
correctly to test for equality; in C++ the double equal sign, ==, is the relational
operator. The correct formulation of the test for whether a equals b is if (a ==
b). Coding if (a = b) will cause b’s value to be assigned to @ and with the value
of a being the value of the assignment expression. Since every non-zero value
is contrued as true, the condition resolves to testing for a non-zero value of a.

The Compound Assignment Operators

Using a variable as an accumulator is such a common programming technique
that C++ provides an abbreviated notation:

accum = accum + amount; can be expressed as accum += amount;

The operator += is a condensed notation. Four operators like it are -=, *=, /=,
and %-=.

X = x - amount; can be expressed as x -= amount;
X = x * amount; can be expressed as x *= amount;
x = x / amount; can be expressed as x /= amount;
x = x % amount; can be expressed as x %= amount;
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The Unary Increment and Decrement Operators

for

int

{

incr n L+, Vi an ev i -
The una crement operator, ++, provides an even more concise way of ex
pressing an even more common programming technique, the increment of a
variable by one.

i =1+ 1; canbeexpressedas i++; oras ++i;

Likewise, the unary decrement operator, -, provides for the decrement of a
variable by one.

i =1 -1; canbeexpressedas i--; oras --i;

One place where the unary increment is commonly seen is within for loops.
It is the operator of choice when the control variable is increased by one at
the end of an iteration. The following is the idiom for traversing an 7-element
array from its first element, at subscript 0, to its nth element, at subscript # - 1:
for (i = 0; 1 < n; i++)
{

cout << setw(2) << 1 << ". " << a[i] << endl;

}

Note that when 7 becomes # - 1, an iteration is performed. When ¢ becomes 7,
the test prevents the iteration and causes processing to move to the program
statement that immediately follows the loop. Use of the prefix version of the
unary increment gives a loop with exactly the same performance.

(i = 0; 1 <n; ++i) // Performs identically to the loop above.

cout << setw(2) << I << ", " << ali] << endl;

The control variable, 7 in the previous case, might not have been defined prior
to the for loop, it can be defined within it.
for (int 1 = 0; 1 < n; i++)
{

cout << setw(2) << 1 << ". " << afi] << endl;

}

What is more, the middle expression, the test performed prior to each iteration,
can involve terms other than the control variable or in addition to the control
variable. In searching for a particular key, looping may halt when either the
key has been found or the end of the array is encountered.

searchForKey (int datal], int numOfKeys, int keySought)
int location; // Will hold the cell number where key is found.

int found = 0; // Found initialized to 0.



86  Chapter 3 Procedural C++ That Extends Pascal

/*
/*
/*

/*

for (int cell = 0; found==0 && cell<numOfKeys; cell++)

if ( datalcell] == keySought ) T
{
found = 1;
location = cell; Parentheses around the
} individual terms are not
needed because the relational
return location; operators "bind more tightly"
} than the logical operators;
that is, they have a higher
precedence.

The unary increment and decrement can, of course, be part of larger arith-
metic expressions. This is the context in which the prefix and postfix versions
yield different results. Consider the prefix unary increment. In an expression
such as the following, & is incremented before the multiplication is performed.

1*/ a-=3; The prefix unary increment acts before
2 */ b=25; the operand's value is taken for use.
3* ¢=17;

4 */ x = (a * ++b) + ¢; // Identical to X =a * ++b + c;

Its value becomes 6. The multiplication of 3*6 yields 18, to which is added 7.
Thus the one expression on line 4 both changes the value of b to 6 and the
value of x to 25. The prefix increment is completed before the operand’s value
is used.

The postfix increment is performed after the operand’s value is used.
Suppose that everything remains the same except for the unary increment.

/*1 * a=3; The postfix unary increment acts after
/*2 */ b =25; the operand's value is taken for use.
/*3 % ¢c=17;

/* 4 */ x = (a * b++) + ¢; // Identical to X =a * b+t+ + c;

The action evoked by line 4 is to multiply a times b’s value of 5, yielding a
product of 15. Then the value of b is incremented to 6, and the product is
added to the value of ¢, giving 22. As before, b is left storing 6; but here x is
left storing 22.

Because the unary increment and the unary decrement modify the value of
their operand, they cannot be used where what is actually needed is a tempo-
rary sum or difference. For example, suppose that an array holds 7 elements,
each a struct. The programmer wants to show the contents of the last one by
passing its subscript, 7 - 1, to the displayBeautifully( ) function. The call dis-
DPlayBeautifully(—n ); decrements n and passes n’s value to the function. The
intended struct is identified, but the call leaves the value stored by 7, the vari-
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able that stores the length of the array, reduced by one. This is a fault that later
causes a failure. The proper statement is displayStruct(n-1);.

The Conditional Expression Operator, ? :

The conditional expression operator is also known as the conditional operator,
the arithmetic if operator, or the ternary operator; it is the only operator in the
language that takes three operands. It is the equivalent of a concise but limited
if . . .else. The action represented by the if . . .else on the left in the display
below, is accomplished by the conditional expression on the right.

if ( test ) (test) ? exprWhenTrue; : exprWhenFalse;
return exprWhenTrue;
else

return exprWhenFalse;

The test can be an expression such as (x<y) or a more complicated formu-
lation. If it evaluates to “true” (nonzero), the expression exprWhenTrue is
evaluated and the conditional expression resolves to its value. If it evaluates
to “false,” the expression exprWhenFalse is evaluated and the conditional ex-
pression resolves to its value. Here are three concrete illustrations. Notice that
the conditional expression formed from the two operators and its three terms
is itself an expression that may serve as a term within a larger expression.

small = (a < b) ? a : b;
small plus 5 = ((a <b) 2a: b) + 5;

cout << "small = " << ((a <b) ?2a : b);
The parentheses around the test are not required but are recommended for
readability. In the second statement, the parentheses around the full expression
are needed so that the false alternative is construed as b, not as b + 5. With-
out them, the statement would have been parsed as shown in the following
because the operator + binds more tightly than the colon, :.

small plus 5 = (a<b) ? a: (b+5);

In the third statement, the parentheses around the entire expression are needed
because the output operator binds more strongly than the question mark, ?.
Without them, the statement would have been parsed as the following.

( cout << "small = " << (a < b) ) ? a : b;
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The sizeof Operator

The sizeof operator provides a means for determining the amount of storage
that is occupied by a variable of any given data type, language provided (such
as int, float, or char) or user defined (such as a struct). To illustrate, suppose
that two bytes are allocated to an int and one byte to a char. The next pro-
gram shows this as well as the number of bytes that are consumed by each
instantiation of the struct.

void main()

{
struct ourRecord

{

int a, b, c; // Each int requires 2 bytes, so these three will
// use 6.

char string[100]; // Each char requires 1 byte, so this array will
// use 100.

}; // In total: each Iinstantiation of the struct will

// take up 106 bytes.

cout << "\n sizeof(int)
cout << "\n sizeof(char)
cout << "\n sizeof (ourRecord)

}

" << glizeof(int) << " bytes";
" << gizeof(char) << " bytes”;
" << gizeof(ourRecord) << " bytes";

Heonon

Here \n i1s the "escape sequence" giving a
linefeed. Escape sequences are discussed
later.

The sizeof operator works with variables as it does with data type specifiers.
The next program below shows that it can be used to learn the number of
bytes occupied by scalars, structs, arrays, and arrays of structs as well as by
the term returned from the evaluation of an expression.

#include <iostream.h>

void main()
{
int 1 = 12, j; //Here, 1 is initialized; j is not initialized.
int intArray[10];

float f£;
double d;
char c;

struct ourRecord
{
int a, b, c;
char string[100];
};



3.1 Operators 89

ourRecord oneStruct;
ourRecord structArray[100];

cout << "\n sizeof( 1 )
cout << "\n sizeof( j )

" << sizeof(i);
" << sizeof(7j);

cout << "\n sizeof( intArray ) = " << sizeof(intArray);

cout << "\n sizeof( intArray[3] ) = " << sizeof(intArray([3]);

cout << "\n sizeof( f ) = " << gizeof(f);

cout << "\n sizeof( d ) = " << sizeof(d);

cout << "\n sizeof( ¢ ) = " << sizeof(c);

cout << "\n sizeof( oneStruct ) = " << gizeof(oneStruct) ;

cout << "\n sizeof( structArray ) = " << sizeof(structArray);

cout << "\n sizeof( 1+1 ) = " << sizeof(1l+1l); // (1+1) is an int
// -> 2 bytes.

cout << "\n sizeof( 10/3 ) = " << sizeof (10/3); // (10/3) is an int
// -> 2 bytes.

cout << "\n sizeof( 10.0/3 ) = " << sizeof(10.0/3); // (10.0/3) is a double

// -> 8 bytes.

Here is the output.

sizeof( i ) = 2
sizeof( j ) = 2
sizeof( intArray ) = 20
sizeof( intArray[3] ) = 2
sizeof( f ) 4
sizeof( d ) 8
sizeof( ¢ ) 1
sizeof( oneStruct ) =
sizeof( structArray )

sizeof( 1+1 ) = 2
sizeof( 10/3 ) = 2
sizeof( 10.0/3 ) = 8

The contrasting modes of the division operator are highlighted by taking the
size of the temporary variable returned when an integer is divided by an integer,
and when a real is divided by an integer. The size of the latter quotient, eight
bytes, demonstrates that what results is a double. In using the sizeof operator,
greater clarity can be achieved by surrounding the operand with parentheses.
This is a syntactical necessity when the operand is a data type specifier but not
when it is a variable or an expression.
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Data Type Conversion

The name of a data type can be used as an operator that accepts the value of
a variable or expression and returns that value expressed as the operator data
type. The data type of the operand is unchanged. Exactly what the returned
value is depends on the respective data types. When the transformation is in
the direction of a smaller-sized type (e.g., an int) to a larger-sized type (e.g., a
float), there is generally no loss of information. The converse is not true, and
C++ does not flag lost information. A type specifier used to coerce a type trans-
formation is known as a cast. In the following output expression, this char is
cast (performs the part of) as an int:

char letter = 'A'; // Definition and initialization of a char variable.

cout << "ASCII of " << letter << " is " << int(letter);

* et

Casts can appear in two forms. As in the preceding, with the operand in
parentheses or, as follows, the old way as found in C, with the operator (the
type specifier) in parentheses:

cout << "ASCII of " << letter << " is " << (int)letter;

Both forms signify the same operation, but the former is preferred in C+4+; it
suggests functional notation, which is the correct understanding.

The address-of Operator and the Indirection Operator

The address-of Operator

The ampersand in its role as the address-of operator is serving in a different ca-
pacity than when it is used in function declarators to specify that an argument
is to be passed by reference. Likewise, the asterisk in its role as the indirection
operator has nothing to do with either multiplication or with the definition of
pointer variables (as described in the last chapter in connection with a linked
list). Standard Pascal offers nothing that corresponds to these.

The address-of operator returns the address at which a variable is stored in
memory. The action of the following definition,

int i;
is to allocate the memory for an integer (e.g., two bytes) and to record the
binding between the variable’s name and its location in storage in the sym-

bol table. The symbol table is the database that makes it possible for symbolic
variable names to represent addresses. Along with the name-location binding,
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cout << "\n Value of 1 is: "< 1y returns the

cout << "\n Address of i is: " << &i; at which the

cout

the symbol table records the variable’s data type. The data type is used for de-
termining how large a piece of memory a variable represents as well as how
its bit sequence is to be interpreted. Suppose that i is situated in the two bytes
starting at address 68, and that it currently stores the value 10. Also, suppose
there is another inf named j:

Physical Situation Symbol Table
68 70 var name address type
i b i 68 int
3 70 int

The address of ¢ is 68; the value of i, which is the value stored at memory lo-
cation 68, is 10. To display the address of , in contrast to the value of i, output
&i:

The address-of operator
memory location

4 variable is stored.

The output operator is said to be type safe, which means that it takes the
responsibility for recognizing the data type of the item being managed and for
treating it accordingly. When it receives a char, it performs a lookup in the
ASCII table and presents the associated symbol. When it receives an int, it per-
forms a binary to decimal conversion and presents the digits in the decimal
value. When it receives a float, it reads the exponent and the mantissa, per-
forms the arithmetic, converts the value to decimal, and presents the character
string meaningful to the user. When it receives an address, it presents it in hex-
adecimal (i.e., in base 16). To have the memory location expressed in base 10,
it can be cast as an unsigned int or an unsigned long. The exact number of
bytes allocated to a long (e.g., 4) is platform dependent, as it is for an ént, but
it is not incorrect to view a long as an ordinary integer with a capacity for a
greater number of digits. If the maximum value that can be stored in an in? is
32767, then an int is too small to hold the value of most memory locations.

Using a cast
<< "\n Address of i1 is: " << long(&i); to display

1 the address of i
in base 10.

Suppose that a variable is needed to store the address of i. Although it is not

wrong to think of an address as a whole number such as an izt (or a long), in

the strongly typed view of C++ neither an int nor a long would be appropriate.
Addresses are conceptual commodities to which a different set of operators,
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and different protective guards for proper treatment, apply. Thus to store the
address of an int a variable of type int pointer is required. Just as a structure
pointer is defined by the data type of the struct followed by an asterisk, an int
pointer is defined as follows.

int* intPointer; // Or int *intPointer; or even int * intPointer;

The asterisk can immediately follow the type specifier, it can immediately pre-
cede the variable name, or it can go between them with spaces interspersed
on both sides. When two or more int pointers are defined in succession, there
must be an asterisk for each of them. Here are definitions of five variables. The
third is an int and the other four are int pointers.

int *intPtrl, *intPtr2, anInt, *intPtr3, *intPtr4;

// Same as: int* intPtrl, *intPtr2, anInt, *intPtr3, *intPtr4;

Pointers to floats, chars, and any other language-provided or user-defined data
type are similarly defined and declared. Despite the fact that all pointers are
addresses, C++ appropriately considers an izt pointer to be of a different data
type than a float pointer. The rule is that if two pointers are defined or declared
with different type specifiers, then they are different types. Strongly typing the
pointers prevents the indiscriminate mixing of “apples and oranges,” thereby
affording protection against a whole class of particularly insidious errors.

Note: One type of pointer can always be explicitly cast to
perform as another type of pointer, or even as a pointer
without a type by casting to (void*).

Assuming the following,
int i=10;
int* intPointer;
int* intbPtr2;
one can assign the address of i to intPointer,
intPointer = &i;
and assign the value of intPointer to intPtr2,

intPtr2 = intPointer;

As a result of these assignments, intPointer stores 68 (the address of i, previ-
ously given), and intPtr2 also stores 68. The following three output statements
all display the same value (68).

cout << “\n i is stored at memory location " << &i;
cout << "\n 1 is stored at memory location " << intPointer;
cout << "\n 1 is stored at memory location " << intPtr2;
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The Indirection Operator, *

Indirection denotes access to one variable by way of a second variable which
is storing its address. For instance, the data array below seems unsorted. How-
ever, it becomes evident that sorting has been performed when accessing the
array indirectly by way of the tag array:

for (i= 0; i<5; i++) cout << datal tag[i] J<< " ";

data tag

11 1
3 4
14 3
0

2

=W NN B O

Indirection does not connote “read only.” For instance, suppose the intent were
to update the largest value in the data array with the value -1; the subscript of
the largest value, wherever it may be, is stored in tag/4/. This update could be
done.

datal tagl4] ] = -1;

The indirection operator works with memory locations. It enables access of
the value stored at the address indicated by an operand. With intPointer stor-
ing the address of 7, each of the following statements displays the value of i
(which is 10).

cout << "\n The value of i is " << i;
cout << "\n The value of i is " << *IntPointer;
cout << "\n The value of i iIs " << *(&i);

These two statements show alternate ways of assigning the value of 7 to j.

j = 1i;

j = *intPointer; // This, of course, works too: j = *(&i);
In the second statement, the value of i is obtained by an indirect reference: the
value found at memory location intPointer is assigned to j.

Access by means of the indirection operator gives full read and write capa-
bility. The following two statements show alternate ways of assigning the value
of 5toi.

i = 5;

*intPointer = 5; // This works too: *(&i) = 5;

The second statement works because the indirection operator provides a hold
on the content contained at the referenced address. In the previous context, 5
is made the content at the referenced address.
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68 - intPointer stores 68, i's address

1 <—*intPointer 1s thus synonymous with i, the variable name

3.2 Pointers

Therefore:
j = *intPointer; takes the value from the
interior of the box and assigns it to j (just as j = 1i;)

*intPointer = j; copies j's value into the
interior of the box (just as 1 = j;)

To a Pascal programmer pointers are always related to dynamically allocated
data structures such as linked lists and trees. Dynamically allocated structures
are similarly built in C++ (as shown in Chapter 2). Pointers in C++ also en-
able a collection of techniques for managing arrays, cften char arrays serving
as strings, and a mechanism for achieving persistence. Persistence refers to
defining variables within a function that have a lifetime extending beyond the
function’s termination. This is seen in Pascal when a dynamically created struc-
ture that is built in one function is passed back to another. Pass root, initialized
to nil, to a procedure that builds a binary search tree; it returns not only root
storing the address of a node at the top, but possibly hundreds of nodes con-
nected to it. Although these nodes were acquired within the procedure, their
lifetime extends beyond the procedure’s lifetime. This is different from the pro-
cedure’s local variables. C++ exploits the persistence of dynamically acquired
memory much more so than Pascal does.

Four operators are used in connection with pointers: & and *, previously dis-
cussed, and new and delete, introduced in the last chapter. Also there is some
terminology. Dynamically allocated memory, which refers to memory acquired
by means of the explicit use of new, is said to be memory from the heap. Mem-
ory bound to variables defined without the use of new, such as all those in
someFunction( ), is said to be memory from the stack. This includes the formal
arguments; g, b, and ¢ which, because they are passed by value, will occupy
storage captured for the function when it is activated. This includes the scalar
d. 1t includes the float array e, for which enough storage to hold 100 floats
is bound (e.g., 100 floats * 4 bytes per float = 400 bytes) and the char array
string, to which 81 bytes are bound (81 chars * 1 byte per char). This also
includes the char pointer, charPointer, and the int pointer, intPointer. That
their data types qualify each of them to hold the addresses of dynamically al-
located pieces of memory does not mean that they are dynamically allocated.
Like all these other variables from the stack, their variable names are attached
to memory locations when the function is instantiated.
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int someFunction (int a, float b, char c)

float d;

float e[100];
char string(81];
char* charPointer;
int* intPointer;

These variables from the stack are local variables. There is no such thing as
a relatively global variable in C++ because one function cannot be nested in-
side another, as can a subprogram in Pascal. If someFunction() were recursive,
the recursive invocation would have its own independent and complete set of
name and memory location. No subsequently called function in a succession
of invocations, recursive or nonrecursive, can trespass into the memory space
of a not yet terminated predecessor. Thus the scope of a function’s defined
name-space is not an issue that warrants much attention.

On the other hand, the release of memory is a matter that warrants atten-
tion. All local variables, which is to say, all a function’s memory from the stack,
is deallocated automatically when the function returns. This is a service that
C++ provides, and it precludes the leak of this memory through the inadver-
tent failure to return it for reuse. A programmer can do nothing to prevent the
deallocation of a local variable, and this makes certain articles unsuitable for
return (addresses of local variables). Nor can a programmer deallocate a local
variable in advance of the function’s return by applying the delete operator
to it.

Conversely, memory acquired with new is never automatically released (ex-
cept by the operating system when all the resources made available to the
program are released). It is the programmer’s responsibility to delete dynami-
cally acquired storage when there is no longer need for it. Not doing this can
be a serious problem for programs that are expected to remain in execution for
long periods of time. Repeatedly neglecting to reclaim a tiny parcel of mem-
ory in an obscure corner of the program can accumulate “leakage” of memory
large enough to cause a failure. The importance of the distinction between au-
tomatically deallocated variables and those that persist (and must be explicitly
deleted) is the reason that variables whose memory comes from the stack are
more often referred to as automatic than local in C++.

The stack and the heap may be thought of as two different memory resources
made available by the operating system to the program for its use during exe-
cution. The stack is the memory resource used by the compiler for allocating
space to automatic variables. The heap is the memory resource used when
storage is allocated with new.
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Understanding and Managing Arrays

Arrays and Pointers

Imagine a function that displays the values contained within an int array. The
function’s prototype may look like this:

void showIt (int data[], int size); // Prototype.

If the variable names are omitted, as they may be from the prototype, it could
look like this:

void showIt (int [], int size); // Alternate prototype.

To indicate that the first argument is an array, a pair of square brackets (called
the index operator) is needed even if unaccompanied by an identifier. Within
main( ), an array to be displayed is defined, some values are installed, and
showlt( ) is called to perform the output.

void main()
{
int number(5];
numbers[0] = 16; number[l] = 12; number(3] = 15;
showIt (number, 3 ); // The array may be passed by
. // using its name alone, without
// the index operator.

}

The reason for this example is to have a background against which to pose
a rhetorical question and then to discuss some syntax and semantics related to
the answer. The question is, what exactly does numbers in the call to showlt()
signify? A related question is what is the data type of the formal argument to
which it is being passed?

An automatic variable defined with a pair of square brackets is an array, and
an array uses a block of storage. The name of the array is bound to this stor-
age, just as the name of an int is associated with the memory location that
is allocated for it. The value of an array name may be thought of as the ad-
dress at which its storage begins or, equivalently, as the address of the array’s
leading element, &(number/0]). As an address, its value behaves very much
like a pointer. Unlike a pointer variable, its value cannot be changed. Unlike a
pointer, the sizeof which is that of all addresses (e.g., two bytes or four bytes,
depending upon the platform), the sizeof an array (e.g., sizeof number) is the
number of bytes in its block of memory. The discussion here is intended to
examine all this in detail.

An array’s name, used without the index operator to pinpoint reference to a
particular element, identifies the address at which the array is located in mem-
ory; that is, it may be used as a pointer to the array. For instance, if individual
ints are stored in two bytes and the metaphorical memory location of the array
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is 118, number may be used as an int pointer whose value is 118, number{0/
denotes the sequence of bits spanning bytes 118 and 119 interpreted as an int
whose value is 16, number{1] denotes the int occupying bytes 120 and 121,

and so forth.
118 20 122 124 126
16 12 15
number [0] number[1] number[2] number 3] number[4]
umb. \
n er\

N
[the value of number, 118, equals & (number[0])]

It is important to remember that number, because it is the base address of an
automatic array, is a constant. Its value, the address to which it was initially
bound, cannot be changed. This means that number cannot be reset so that it
holds an address different from 118.

In the call to showit( ), number behaves like any other automatic variable.
Its value, 118, is transmitted to the corresponding formal argument in the func-
tion’s declarator. To match, the data type of the formal argument must be an int
pointer. This is precisely what the first argument, int data/J, is in the following
function.

Despite the bracket pair, dataf]

is an int*. Unlike a true array,

/ no block of storage is allocated
void showIt (int datal], int size) for it and therefore it is not

{ a const bound to a base address.

cout << "m The array: ";

for (int 1 = 0; 1 < size; 1i++) cout << datafi] << " ";

cout << endl;

}

Furthermore, this is precisely what the first argument, int*a, is in this alternate
rendering of the function.

Although a 1is declared
as an int*, not as int af],
/ it may nonetheless
be accessed with the
void showIt (int* a, int size) index operator.
{
cout << "n The array: ";

for (int 1 = 0; 1 < size; i++) cout << a[i] << " ";
cout << endl;

}
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// The prototype of this function could be
// either of the following:

//

// void showIt (int* a, int size); or void showIt(int*, int);

Within function declarators, a declaration of an int array, using the square
brackets, and a declaration of an int pointer, using the asterisk, denote variables
that are in every way identical. This is true whether or not a number appears
between the brackets. Such numbers are disregarded by the compiler (except
when given for the number of columns in two-dimensional arrays where they
are used for mapping row and column subscripts onto an absolute element
number, and similarly for higher-dimensional arrays).

This explains why arrays, unlike scalars, behave as if they had been passed
by reference when, in fact, they are passed by value. Even though it is the value
of number that is copied into the formal argument, this value is the array’s ad-
dress, 118. A “copy” of an address dereferences to the same physical location
as the original address. Updates made to the array at location 118 affect the
same storage, no matter what variable provides the address. A change in the
value of the formal argument (e.g., changing data or changing a from 118 to
something else) will not, of course, affect the value of the actual argument,
number.

The data type of the variable bound to an automatic iz array operationalizes
as int pointer, and the data type of the first formal argument in both versions
of showlt( ) is also int pointer. Despite there being no difference in their data
type, they are conceptually different kinds of things. The variable bound to
an automatic array (e.g., number) has an r-value consisting of the full width
of the array. A variable defined as an int pointer is bound to a unit of mem-
ory sized to hold an address. On some platforms this is two bytes; on others
it is four. When an int pointer is assigned the value of the variable bound to
an array, it is the base address of the array that is copied. The size of the int
pointer remains the size of a single address. This is easily illustrated with the
sizeof operator. Although all addresses have the same size (e.g., two bytes)
what is required by a variable to accommodate its value varies from data type
to data type (e.g., values of doubles may use eight bytes). It is easy to see that
the address of a node in a linked list, no matter how large the list’s nodes are,
is always the size of a pointer.

Finally, both data and a can just as well receive a pointer to an isolated int
as the base address of an int array or the address of any element within an
int array. The address of the element at subscript 2 may be given as &(num-
berf2]). The parentheses are for readability only because the precedence of the
array index operator is higher than that of the address-of operator. Within the
function there is no way of determining from a pointer argument whether the
address is that of a detached int, that of the leading element within an array
(which could be number or the functionally equivalent &number{O)), or that of
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some other element. This is why an array is almost invariably passed together
with additional information such as its size.

These principles of array management apply to arrays of any type, not
just int arrays. The following program is intended for exemplification and
reinforcement.

#include <iostream.h>

void showItl (int array(], int numOfCells)

{

}

cout << "\n\n From showItl( ): contents of array = ";

for (int i = 0; 1 < numOfCells; 1i++) cout << array[i] << " ";

cout << "\n memory location of the passed array: array = " << array;

cout << "\n memory location of array's cell 0: &array[0] = " << &array[0];
cout << "\n sizeof the formal argument: sizeof array = " << sizeof array;
cout << "\n address of the formal argument: &array = " << &array;

cout << endl;

void showIt2(int* array, int numOfCells, int subscriptOfPassedCell)

{

}

cout << "\n\n From showIt2( ): contents of array = ";

for (int i = subscriptOfPassedCell; 1 < numOfCells; 1i++)
cout << arrayl[i - subscriptOfPassedCell] << " ";

cout << "\n memory location of the passed array: array = " << array;
cout << "\n sizeof the formal argument: sizeof array = " << sizeof array;
cout << "\n address of the formal argument: &array = " << &array;

cout << endl;

void main( )

{

int data[5]; // Defining an int array -- ten bytes are allocated.
data[0] = 11; data[l] = 12; data[2] = 13; datal3] = 14; datal4] = 15;

cout << "\n From main( ): contents of data = ";

for (int i = 0,' l < 5; i++) cout << data[i] << n/.

cout << "\n memory location of the data array = " << data;

cout << "\n memory location of data[0] = " << &datal[0];
cout << "\n sizeof data = " << sizeof data;
cout << "\n *ok ok ok calling showItl: showItl(data, 5); ****";

showItl(data, 5);
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cout << "\n *k ok calling showIt2: showIt2(data, 5, 0); ****";
showIt2(data, 5, 0);

cout << "\n *okk Kk calling showIt2: showIt2( &datal[0], 5, 0); ****",
showIt2( &datal0], 5, 0);

cout << "\n *ok A calling showIt2: showIt2( &data(3], 5, 3); ****»;
showIt2( &datal3], 5, 3);

int *ptril; // Defining an int pointer -- two bytes are allocated.

ptrl = data; // Address stored by data is copied into ptrl.

cout << "\n\n From main( ): ptrl = data; contents of ptrl = ";

for (i = 0; 1 < 5; 1i++) cout << ptrlfi] << " *;

cout << "\n memory location of the data array via ptrl = " << ptrl;

cout << "\n memory location of ptrl[0] = " << &ptrl[0];

cout << "\n sizeof ptrl = " << sizeof ptrl;

cout << "\n\n *** calling showItl, passing ptrl: showItl(ptrl, 5); ****~;
showItl (ptrl, 5);

int j;

j = 10;

int “*ptr2;

ptr2 = &3;

cout << "\n\n From main( ): ptr2 = &j; contents of ptr2 = *;

for (i = 0; 1 < 1; 1i++) cout << ptr2[i] << " ";

cout << "\n memory location of the data array via ptr2 = " << ptr2;

cout << "\n memory location of ptr2[0] = " << &ptr2(0];
cout << "\n sizeof ptr2 = " << sizeof ptr2;

cout << "\n\n *** calling showItl, passing ptr2: showItl(ptr2, 1); ****",
showItl (ptr2, 1);

// Values of pointers can be changed -- the values of ptrl and
// ptr2 are swapped.

int* tempPtr;

tempPtr = ptrl; ptrl = ptr2; ptr2 = tempPtr;

cout << "\n\n ptr2 after the swap: ";
for (i = 0; i< 5,' i++) cout << ptr2[1] << " oM.
cout << "\n ptrl after the swap: " << *ptrl; // *ptrl same as ptrl[0]

// The value of data cannot be changed because it is an array,
// a constant bound to a block of storage.
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Here is the output:
From main( ): contents of data = 11 12 13 14 15
memory location of the data array = 0x39blffec
memory location of datal[0] = 0x39blffec
sizeof data = 10

xAA A calling showItl: showItl(data, 5);

From showItl( ): contents of array = 11 12 13 14
memory location of the passed array: array
memory location of array's cell 0: &array[0]
sizeof the formal argument: sizeof array
address of the formal argument: &array =

*k kK calling showIt2: showIt2(data, 5, 0)

From showIt2( ): contents of array = 11 12 13 14

memory location of the passed array: array
sizeof the formal argument: sizeof array
address of the formal argument: &array

*ok ok calling showIt2: showIt2( &datal0],

From showIt2( ): contents of array = 11 12 13 14

memory location of the passed array: array
sizeof the formal argument: sizeof array
address of the formal argument: &array

*hk K calling showIt2: showIt2( &dataf3],

From showIt2( ): contents of array = 14 15

memory location of the passed array: array
sizeof the formal argument: sizeof array
address of the formal argument: &array

From main( ): ptrl = data; contents of ptrl =

* k& Kk

15
0x39blffec
0x39blffec
2
0x39blffde

; * Kk ok Kk

15
0x39blffec
2
0x39b1ffdc

U

, 0),. * ko %k

15
0x39blffec
2
0x39blffdc

i nn

5, 3)/. * ok kK

0x39b1fff2
2
0x39bl1ffdc

I non

11 12 13 14 15

memory location of the data array via ptrl = 0x39blffec
memory location of ptrl[0] = 0x39blffec
sizeof ptrl = 2

*** cglling showItl, passing ptrl: showItl (p

From showItl( ): contents of array = 11 12 13 14
memory location of the passed array: array =
memory location of array's cell 0: &array[0]
sizeof the formal argument: sizeof array
address of the formal argument: &array

Hon

From main( ): ptr2 = &3j; contents of ptr2 = 10

trl, 5); ***#*

15
0x39blffec
0x39blffec
2
0x39blffde

memory location of the data array via ptr2 = 0x39blffe8
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Initializing Arrays

int datal5]

const int SIZE
int numOfCells

0x39blffe8
2

memory location of ptr2[0]
sizeof ptr2

*** calling showItl, passing ptr2: showItl (ptr2, 1), ****

From showItl( ): contents of array = 10

memory location of the passed array: array = 0x39blffe8
memory location of array's cell 0: &array[0] = 0x39blffe8
sizeof the formal argument: sizeof array = 2

address of the formal argument: &array = 0x39blffde

ptr2 after the swap: 11 12 13 14 15
ptrl after the swap: 10

Arrays may be initialized at the same time that they are defined. In the preced-
ing program the data array was first defined and then values were installed by
way of assignments.

int datal5];
data[0]=11; datal[l]=12; data[2]=13; data[3]=14; datal[4]=15;

A more concise way of achieving the same result is as follows. An array with
five elements is defined and the respective elements are set to the values shown
within the braces.

int data[5] = { 11, 12, 13, 14, 15 };

To initialize a 5-element array with the initial element having the value of 11,
the next element having the value of 12, and all other elements initialized to
0, the following statement could be used:

= {11, 12};// Here data[2], data[3], and data[4] are set to 0.

The number of elements in the array need not be given in instances where the
array will never need to hold a greater number of elements than the number
of values in the initialization list. When the array size is omitted, C++ counts
the number of initializers and implicitly fills in the blank:

int datafl] = {11, 12, 13, 14, 15}; // This defines an array sized

// at 5 cells; that is, data[5].

The size of an array may be given by an int numeric literal, a const int, or
an expression involving literals and/or constants that evaluates to a positive
integer greater than zero. Notably, it may not be given by an int that is not a
constant nor by an expression containing a nonconstant:

5; // SIZE is a constant
5; // Here, numOfCells is not a constant.

I on
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Constant Pointers

int arrayl[ SIZE ]; // Okay.
int array2[ numOfCells ]; // Error! -- numOfCells is not a const.

Just as an int, float, or char may be defined to be a constant, so may a pointer
variable. Like any other constant, a const pointer must be initialized at the time
it is defined because, following definition, a constant becomes read-only. In
the following, ptr is defined to be a constant and initialized to the address of
abc. What this means is that the address to which ptr points cannot be reset.
Although it must always point to the same memory location, the data at that
location may be reset.

int abc = 25; // An int 1s defined and initialized to 25.
int xyz = 50;

int* const ptr = &abc; // A const int pointer is defined and
// initialized to the address-of abc.

cout << "*ptr = " << *ptr; // Here ptr is dereferenced -- the value
// found at the address to which it
// points 1is displayed; the screen
// shows ‘*ptr = 25.

*ptr = 33; // Here 33 1is copied in as the value stored at the
// address to which ptr points; because this is
// abc's address, abc's value becomes 33.

ptr = &xyz; // Error! Here, ptr is a constant pointer so
// 1its value cannot be reset.

Notice the placement of the const qualifier, between the data type and the
name of the variable. This is required in order to define a constant pointer as
described.

Putting the const qualifier to the left of the data type provides different prop-
erties. The ptr can be reset to point from place to place, but it is denied the
ability to change the item to which it points. In other words, as far as ptr is
concerned, the entities to which it points are constants.

int abc = 25;
int xyz = 50;

const int* ptr = &abc; // A pointer to constants is defined and
// initialized to the address-of abc.

cout << "*ptr = " << *ptr; // Here ptr is dereferenced -- the value
// found at the address to which it
// points is displayed; the screen
// shows ‘*ptr = 25.

ptr = &xyz; // Now okay! Here, ptr's value can be reset.



104  Chapter 3 Procedural C++ That Extends Pascal

cout << "*ptr = " << *ptr; // Here ptr is dereferenced -- the value
// found at the address to which it
// points is displayed; the screen
// shows “*ptr = 50.

*ptr = 33; // Error! ptr now holds the address of xyz, which
// was not defined to be a const. Nevertheless,
// the value of xyz cannot be changed through the
// auspices of ptr because it is now a pointer to
// constant ints.

It is possible for a pointer to be a pointer constant to constant ints, floats,
or anything else.

int abc = 25;

const int* const ptr = &abc; // Here ptr is a const pointer to
// const ints: it cannot be
// made to point to any other
// location and the value to
// which it points cannot be
// changed through its auspices.

Automatic char Arrays

The principles of arrays that have been shown with int arrays apply, of course,
also to char arrays. The factor that complicates them is that they serve as strings.
The importance of strings is clear and is underscored by the functionality pro-
vided by C++ and the standard library for enabling string manipulation. But the
introduction of strings as entities in the language causes some complications.

Character arrays are defined in the same way as any other kind of array, with
the data type specifier, an identifier, and a size given between a pair of brack-
ets as on line 3 in the following. A char array may be initialized at its point of
definition (line 4) and if the size is omitted, it will be tallied and furnished (line
5). Although the number of initializers cannot exceed the array size, if they are
fewer, the trailing elements are initialized to 0 (the binary number 0000 0000,
which is also the ASCII zero or the null zero, which prints as a blank, and
which may be represented in a C++ source code with the escape sequence
\0"). This is shown on line 6.

/* 1 */ wvoid main( )
/* 2 */ {

/* 3 */ char a[10]; // A ten-element array
// (ten bytes long).
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/* 4
/* 5
/* 6

*/ char b[ 2] = {'H','i'}; // A two-element array,
// both cells initialized.

*/ char ¢[{ ] = {('B','y','e'}; // An array whose size is
// found and set to 3.

*/ char d[ 8] = {'N','T'}; // Elements 2..7 (the

// trailing six) filled
// with zeros ('\0').

}

The initialization of char arrays is made less tedious by allowing a succes-
sion of characters to be represented as a string literal, which is the sequence
delimited on both ends by quotation marks. In the output construction cout
<< “Hello worid”, “Hello world” is a string literal. Defining and initializing an
array with a string literal is shown at point 3 in the following program. This
is a convenience over the character-by-character enumeration of values; but
in a way this is where the complications begin. Notice that the initialization is
accomplished using the assignment operator. Consistent with the notation for
the initialization of scalars, that might easily mislead the unwary into thinking
that a string literal may be similarly assigned to a char array at other points in
the program. Not so! This mistake is shown on line 5. Following initialization,
a char array can only be updated with the assignment operator in an element-
by-element manner (just like an #nt array); or a whole string update can be
made using one of the standard library functions such as str¢py( ) as on line 6.

#include <iostream.h>
#include <string.h> // For strlen() and strcpy().

/*
/*
/*

/*

/*
/*

1
2
3

o Un

*/
*/
*/

*/

*/
*///

void main()

{
char e[ ] = "Dog"; // Here, e is made a four-element
// array whose values are
// ’D’I IOI, Igl, 1\01'
cout << "\n /* 4 */ array e = " << e
<< " sizeof e = " << sizeof e
<< " strlen(e) = " << strlen(e) << endl;

char g[25];

g = "Turkey"; // Error! strcpy() is needed to
// copy the characters of one string
// into another. g is an array's
// name, hence not modifiable;
// it 1s not a pointer variable.
// C++ construes this statement as an
// attempt to update g with address
// of shown string literal. This is
// 1llegal because g, being
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//
/7
/* 7/ "Cat"}); //
//
//
//

//

strcpy (g,

/* 8 */ cout << "\n /*
<< "

<< "

8 */
sizeof g =
strlen(g)
/* 9

*/// g = e;

/* 10 */ char* f = "Bird";

cout <<
<< L2
<< L3

/% 11 */
sizeof f =
strlen(f)

/*

12 */ f=g9;

/* 13 */ cout <<
<< 1

<< "

sizeof f =
strlen(f)

/* 14 */ "Hi"); //
//

//

strcpy(f,

/* 15 */
<< "

<< "

sizeof f =
strlen(f)

bound to an array, is not

modifiable.

Okay, provided program holds
#include <string.h>.

Here strcpy() copies the string
literal into the first three
elements of the g array.

array g = " << g
" << gizeof g
= " << strlen(g) << endl;

Error! strcpy() is needed.

g without the brackets signifies the
address of the array, its own
l-value; and l-values are bindings
between a name and memory location
that cannot be reset. Put another
way, g 1s the name of an array,
therefore immutably bound to the
location of the memory allocated
for it when it was defined.

Here, f is a pointer, not an array;
it is initialized with the
address of a string literal.

"\n /* 11 */ pointer f = " << f

" << gizeof f
= " << gtrlen(f) << endl;

Okay. This is an assignment that
involves pointers. g in this
context (without brackets) gives
its own l-value; hence the address
of the g array (&g[0]) is made the
value of f.

"\n /* 13 */ pointer f = " << f

" << sizeof f
= " << strlen(f) << endl;

Here, f points to the g array, so
the g array is overwritten
by the string 'H', 'i', '\0'.

cout << "\n /* 15 */ pointer f = " << f

" << sizeof f

= " << strlen(f) << endl;
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/*

/*

/*

/*

/*

/*

/*

/*

16

17

18

19

20

21

22

23

*/

*/

*/

*/

*/

*/

*/

*///

cout << "\n /* 16 */ array g = " << g
<< " sizeof g = " << sizeof g
<< " strlen(g) = " << strlen(g) << endl;
f[0] = 'L’; // Although f is a pointer, not
£f[1] = 'o0’'; // an array, the elements of the
£[2] = 'w'; // array to which it points
£{3] = "\0'; // (the g array) can be accessed
// through it using subscripts.
cout << "\n /* 18 */ pointer f = " << f
<< " sizeof £ = " << sizeof f
<< " strlen(f) = " << strlen(f) << endl;
cout << "\mn /* 19 */ array g = " << g
<< " sizeof g = " << gsizeof g
<< " strlen(g) = " << strlen(g) << endl;
f = "Hello"; // Okay. This is an assignment
// that involves pointers; the
// address of "Hello" is made
// the value of f.
cout << "\n /* 21 */ pointer f = " << f
<< " sizeof f = " << gsizeof f
<< " strlen(f) = " << strlen(f) << endl;
cout << "\n /* 22 */ array g = " << g
<< " sizeof g = " << sizeof g
<< " strlen(g) = " << strlen(g) << endl;
strcpy (£, "Bye"); // Error! f points to a string

J

Here is the output.

/s
/s
/s
/e
/x

/*

4

8

11

13

15

16

*/
*/
*/
*/
*/

*/

// literal. String literals are

// constants. The result of this

// action is undefined.

array e = Dog sizeof e = 4 strlen(e) = 3
array g = Cat sizeof g = 25 strlen(g) =
pointer f = Bird sizeof f =2 strlen(f)
pointer f = Cat sizeof f =2 strlen(f) =
pointer f = Hi sizeof f = 2 strlen(f) =
array g = Hi sizeof g = 25 strlen(g) = 2

3

= 4

2

3
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/* 18 */ pointer f = Low sizeof f =2 strlen(f) = 3
/* 19 */ array g = Low sizeof g = 25 strlen(g) = 3

/* 21 */ pointer f = Hello sizeof f = 2 strlen(f) = 5

/* 22 */ array g = Low sizeof g = 25 strlen(g) = 3

The assignment operator moves the address of a string to a pointer variable
(to a char*, but not to the name of a char array). This is shown on lines 10
and 12. When the pointer variable is on the left and a string literal is on the
right, the address of the literal (the memory location of its leading element) is
copied into the pointer. When the pointer variable is on the left and a character
array is on the right, the address of the array is copied into the pointer. When
the pointer variable is on the left and another char pointer is on the right, the
address stored by the latter is copied into the pointer. In each case, what is
moved is a scalar: an address, two bytes or four bytes, depending on the plat-
form. The pointer is updated so that it points to another block of memory (i.e.,
another string). No actual char array (string) is physically effected. The names
of char arrays behave just like char pointers when it comes to “reading” their
values, such as when on the right-hand side of the assignment operator. How-
ever, the name of a char array is bound immutably to the address of the block
of memory allocated to it; it cannot be reset. The assignment on line 9 does not
work because its interpretation is to update the value of g with the value of e.
The value of e, where e is an array, is the address of €/0]. But g was defined as
an array, so g’s address is constant. The assignment on line 12, which appears
identical, is fine because the left operand is a character pointer.

A convenience is that character pointers, once assigned to the base address
of a char array, can be manipulated just as the array itself can. The pointer
variable can be used in conjunction with a pair of brackets to access individual
elements, as seen on line 17, and it can serve as the argument within string
functions such as strlen( ) and strcpy( ) as shown on lines 14 and 15. The po-
tential trap is to lose track of which array the char pointer references. A change
to the content of an array accessed by using a pointer is just as abiding as a
change made through the name tied to the array itself, as shown on lines 15
through 19. One way to go wrong is to overwrite an array by writing to the
array referenced by a pointer. Another way to go wrong is to forget that the
pointer is an alias of a string literal. A string literal, often called a string con-
stant, is not modifiable. The result of mutating such a constant is undefined,
thus a potential source of trouble. On line 20 the char pointer f was assigned
the address of the string literal “Hello.” By the time the program reaches line
23, the fact that f pointed to a constant has apparently been lost. When per-
forming actions on strings by way of variables of type char*, it is important to
be aware of the string’s actual identity.
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void main( )

{

Clearly the delimiting quotation marks around a string literal in the source
code are not part of the string as it is stored. Internally, a string literal consists
of the characters between the quotation marks followed by a terminating sen-
tinel, the null zero. (The null zero is represented within C++ source code as
\0’. Although two symbols appear, this is an escape sequence signifying a sin-
gle character. The backslash is a qualifier denoting that the 0 is the eight bits
representing a zero in the binary number system: 0000 0000.) The number of
characters in a string is, therefore, one more than its displayed contents. This is
evident from the action of lines 3 and 4. Array e is allocated exactly the num-
ber of bytes needed to hold the string literal “Dog” (one byte per character).
The array size, as indicated through the application of the sizeof operator, is
four bytes. The length of the string, as indicated through the strien( ) function,
is three. The string terminator is present but not counted by strler( ). In lines
5, 7, and 9, notice that the size of array g is 25 bytes and the length of its
string (“Cat”) is three. When copying the contents of one string into another,
be mindful that an array must have a size of at least 7 + 1 to accept a string
whose length is 7.

Notice that the size of each variable defined as char* (i.e., of each char
pointer) is two bytes. An instructive quiz question is, “How can storage sized
at two bytes hold a string whose length is five bytes (as on line 21)?” The an-
swer must explain that a char* never holds a string of any length. Physically,
strings are stored by variables defined as char arrays (char/()) and by unnamed
constants (which accommodate string literals). However, the address of a char
array or string constant can be assigned to a char pointer, whereupon the char
pointer works as an alias. Using strlen( ) on a char pointer gives the length of
the string to which it points.

Finally, notice that the content of a string can be displayed using the out-
put operator, <<, just as if it were a scalar. This includes strings literally present
within quotation marks, the strings contained within char arrays, and the strings
to which char pointers are pointing.

The name of a char array without bracket, in fact, the name of an array of
any data type, stands for its l-value, which is its address in memory. This is
different from scalars such as ints, where the variable’s name stands for its r-
value. This is why an array name cannot be used on the left-hand side of the
assignment operator: I-values can never be changed for arrays or scalars. How-
ever, put the name of a char array in an output statement and the l-value does
not appear. What is output is its r-value: the string it holds. With the names of
char arrays acting like r-values in output statements, the conclusion that they
act like r-values elsewhere is easy to draw. But that is not so. Character arrays
are unique in their treatment by the output operator. When the name of an int
array is displayed you see it as the address that, as an array name, it signifies.
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}

int als]
cout <<"\n

= {10, 11, 12, 13, 14};
a="<<a << " &a = " << &a;

char string[5] = "abcd";

cout <<"\n

string = " << string << " &string = " << &string << endl;

Here is the output.

0x258effec &a = 0x258effec
abcd &string = 0x258effeé6

a
string

0 nu

Treating the address of any char pointer as if it were a string and, accord-
ingly, dereferencing it for display, the output operator performs inconsistently
on pointer scalars. Displaying a variable of type int* reveals the address that it
holds as its r-value. Displaying a char* does not. To see the address that is the
value of a char* requires casting it as a pointer of any other kind, such as an
int* or a pointer to void.

#include <iostream.h>

void main( )

{
int 1 = 10;
int *intPtr = &i;

cout << "\n 1intPtr = " << intPtr;

char ¢ = 'A';
char* charPtr = &c;

" << (int*) charPtr;
" << (void*) charPtr << endl;

cout << "\n charPtr
cout << "\n charPtr

Ion

}
Here is the output.
intPtr = 0x257efff4
charPtr = 0x257efffl
charPtr = 0x257efffl

The library of functions for manipulating strings (e.g., strlen( ), strcpy( ), str-
cmp( ), strcat( ), etc.) is accessed by including the header file string.h. These
functions are not part of the language, but a core set of functions that invari-
ably accompanies every C++ compiler. This set of functions, their grouping
into header files, their interface, and their action (what they do, though not
necessarily how they do it) is defined by an ANSI/ISO standard. The definitive
reference, at least at this point in time, is The Draft Standard C++ Library, by
P.J. Plauger [5]. Because functions from the standard C library are also used in
C++ programming, Plauger’s earlier book, The Standard C Library [4], is also a
relevant primary resource.
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Dynamically Allocated Arrays

The getName( ) function does not work. The name array is properly defined
and properly filled with the string captured from the keyboard. The function
declarator pledges to return a char pointer; and the array identifier, without
the brackets, signifies the address of its leading element which, indeed, is the
address of a unit of storage that holds a character. Thus in main( ), the call
to getName( ) results in the return of &name/0], a char*®, which is assigned to
JirstName. The reason the result is gibberish is that the array to which first-
Name points was deallocated when getName( ) returned. In effect, firstName
is left holding the address of what was once data but is now garbage. All the
variables within a function, unless their memory is allocated using the new op-
erator, are automatic variables. Automatic variables are so called as a reminder
that local variables taken from memory for the use of a function are returned
to memory when the function ends. The compiler deallocates storage without
regard to whether this leaves a dangling pointer, as it does within this program.
It is an error to return the address of (i.e., a pointer to) an automatic variable.
The return of an automatic variable is by way of an ephemeral temporary used
to carry the value that had been stored by the variable to the point where the
function had been called.

#include <iostream.h>

char* getName( )

{

char name[40]; // This ought to be long enough to hold any first name!

cout << "\n Please enter your first name: ";
cin >> name;
cout << " name captured from input is => " << name << endl;

return name; // MISTAKE! The array is deallocated when the function

}

void main( )

{

// ends. What is returned is a pointer to deserted storage.

char* firstName; // Will point to the array holding user's name.

firstName = getName( );

cout << " name returned from getName( ) is => " << firstName << endl;

}

Here is the output.

Please enter your first name: Bjarne
name captured from input is => Bjarne
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name returned from getName( ) is => pMY4 E4

The alternative to an automatic variable is a dynamically allocated variable.
A dynamically allocated variable is defined using the new operator, and it is
not returned until it is explicitly discarded by the program using the delete
operator. It has a physical durability through time referred to as persistence.

Consider the definition of a variable of type char?, which will be needed to
hold the address of the dynamically allocated char array.

char* addressHolder; // An automatic variable
// for holding values whose
// data type is char pointer.

Here is how new is used to acquire the char array with 10 elements.

In this context, the value
; specifying the number of
addressholder = new char([10]; elements may be a constant

/ \ or an expression.

Arranges for the The article for which
acquisition of storage is to be gotten.
the required memory (Here it is a
and ten-element char array
presents its address but it may be a scalar
for assignment. or an array of any data type,
language provided or user defined.)

The variable addressHolder, now standing for the char array, can be used in
string functions such as strcpy( ), with brackets and subscripts, with the output
and input operators, and on the right-hand side of the assignment operator.
" The statement for deallocating a dynamically allocated scalar, such as a node
that had been on a linked list or within a tree, is

delete oldNode; // Here oldNode holds the address of a

// dynamically allocated struct
// from a linked list.

The statement for deleting a dynamically allocated array is the same, but with
the inclusion of a pair of brackets. Suppose that the char* variable ourString is
currently storing the address of the array acquired previously. The array, which
is to say, the memory that had been allocated for it with new, is deallocated as
follows.

delete [] ourString; // The brackets are required for the

// proper deletion of a dynamically
// allocated array.

The deletion of ourString does not delete the two bytes of storage bound to
ourString or in any way detract from this scalar’s ability to store addresses of
other char arrays (or single characters). What becomes defunct is that to which
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it points. Two of the three general rules for using delete are prohibitions: au-
tomatic variables (e.g., a struct or an array not acquired with new) cannot be
deleted; dynamically acquired memory cannot be deleted more than once. The
third rule is that applying delete to a variable pointing to NULL is acceptable
and safe. NULL is the symbolic constant standing for the address of zero; liter-
ally, it is two bytes or four bytes of zeros, whichever is the size of a pointer
variable. The application of delete, as shown in the deletion of oldNode and
ourString, does not replace the held address by NULL. Each continues to store
the address it had been storing, though both are now vacant.
Here is a corrected version of the preceding program.

#include <iostream.h>
#include <string.h> // For strlen().

char* getName/()
{
char name[40]; // Should be long enough to hold any first name.

cout << "\n Please enter your first name: ";
cin >> name;
cout << " name captured from input is => " << name << endl;

int lengthOfName;
char* addressOfDynamicArray;

lengthOfName = strlen(name); // This does not include the null zero.
addressOfDynamicArray = new char[lengthOfName + 1]; // Get new array.
strcpy (addressOfDynamicArray, name);

cout << " name in the dynamically allocated array is => "
<< addressOfDynamicArray << endl;

return addressOfDynamicArray;

}

void main()
{

char* firstName; // Will point to the array holding user's name.
firstName = getName();
cout << " name returned from getName() is => " << firstName << endl;

delete [] firstName;
}

Here is the output.

Please enter your first name: Bjarne
name captured from input is => Bjarne
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name in the dynamically allocated array is => Bjarne
name returned from getName() is => Bjarne

The variable addressOfDynamicArray is an automatic variable, but inasmuch
as its data type is char*, it can hold addresses of character arrays whether au-
tomatic or dynamic. It is possible to enter the name directly into a dynamically
allocated array as follows.

char* addressOfarray = new char([40]; // Get the array.
cout << "\n Please enter your first name: "; // Prompt user.
cin >> addressOfarray; // Capture and store name.

However, because the person’s name is likely to be retained for some time (in
the hypothetical application), it seems unnecessarily extravagant to tie up 40
bytes for character sequences likely to be considerably shorter (e.g., Sue, Al).
Accordingly, name is being used as a conduit for taking the string from its
point of entry to a precisely sized, dynamically allocated array. Notice that the
number of elements in the dynamic array is specified by an expression. The
expression could have included the call to strlen( ), eliminating the need for
lengthOfName and making the code more concise.

char* getName()

{

char name([40]; // Should be long enough to hold any first name.

cout << "\n Please enter your first name: ";
cin >> name;
cout << " name captured from input iIs => " << name << endl;

char* addressOfDynamicArray = new char([strlen(name) + 1];
strcpy (addressOfDynamicArray, name);

cout << " name in the dynamically allocated array is => "
<< addressOfDynamicArray << endl;

return addressOfDynamicArray;

Inside main( ), the call to getName() puts the address of the dynamically allo-
cated array into the automatic variable firstName. The array persists despite the
deallocation of the automatic variable within getName( ) that had been holding
its address. The lifetimes of dynamic commodities and the variables pointing
to them are independent. Was it necessary to delete firstName at the end of
the program? No harm would have come from not deleting it, but as a rule
memory acquired with new should be deleted.

An example in which this is important would be an application where the
number of cells within an array may be increased or decreased. The size of an
automatic array is fixed when it is defined, and so is the size of a dynamic ar-
ray. However, the illusion of variability can be created in the case of a dynamic



3.3 Extending Functions 115

array by allocating a new array of the prescribed size, copying the elements
from the old array into the new array, and resetting the pointer serving as the
array name to the address of the new array. Imagine that this is done often by
a long-running program. If the memory from the old arrays is not recycled, the
heap can become exhausted well before the program ends.

3.3 Extending Functions

Functions in C++ have a number of remarkable properties. In this section three
of these are described: function name overloading; prescribing default values
for trailing arguments; and static variables.

Function-Name Overloading

Function-name overloading, or function overloading, refers to the ability of
C++ to attach two or more implementations of a function to one name. One
function name, such as showlt( ), could serve to display a video clip, a bit-
mapped graphic, an ASCII file, an infinite precision integer stored in a linked
list (such as a huge prime number), a particular kind of struct, an ordinary
string, or an #nt. The correct version is selected by matching the data types of
the arguments in the call with the data type(s) for the formal argument(s) in
the functions. Each version is coded in the standard way; no special notation is
needed to designate that a particular function is one of a set that has the same
name. Here is a program to exemplify this.

#include <iostream.h>

void showSignature( )

{
}

cout << "signature is ( ) ==> no argument was passed\n"”;

void showSignature(int i)

{
}

cout << "signature is (int) ==> rec'd: " << 1 << endl;

void showSignature(int i, char c)

{
}

cout << "signature is (int, char) ==> rec'd: " << 1 << ", " << ¢ << endl;
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void showSignature(char ¢, int i)

{
cout << "signature is (char, int) ==> rec'd: " << c << ", " << 1 << endl;

}

int showSignature(int x, int y)

{
cout << "signature is (int, int) ==> rec'd: " << X << ", " << y << endl;
return (x+y);

}

int showSignature(int x, int y, int z)

cout << "signature is (int, int, int) ==> rec'd: "<<x<<", "<<y<<", '"<<z<<endl;
return (x+y+z);

}
void showSignature(char* str)
{
cout << "signature is (char*), same as (char[]) ==> rec'd: "<<str<<endl;
}
void showSignature(char c)
{
cout << "signature is (char c¢) ==> rec'd: " << c <<endl;
}
int showSignature(double d)
{
cout << "signature is (double) ==> rec'd: " << d << endl;
return int(d);
}
void main( )
{
cout << "\n call 1: showSignature( ); " << "\n "

showSignature( );

cout << "\n call 2: showSignature(3.14159); " << "\n "
showSignature(3.14159);

cout << "\n call 3: showSignature(l); " << "\n "
showSignature(1);

cout << "\n call 4: showSignature(l,2); " << "\n "
showSignature(1,2);

cout << "\n call 5: showSignature(1,2,3); " << "\n "
showSignature(1,2,3);
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cout << "\n call 6: showSignature(100, 'A'); " << "\n "
showSignature (100, 'A');

cout << "\n call 7: showSignature('A', 100); " << "\n "y
showSignature('A', 100);

cout << "\n call 8: showSignature('A'); " << "\n "
showSignature('A');

cout << “"\n call 9: showSignature(\"Amazing!\"); " << “\n y
showSignature("Amazing!");

Here is the output.

call 1: showSignature();
signature is () ==> no argument was passed

call 2: showSignature(3.14159);
signature is (double) ==> rec'd: 3.14159

call 3: showSignature(l);
signature is (int) ==> rec'd: 1

call 4: showSignature(1l,2);
signature is (int, int) ==> rec'd: 1, 2

call 5: showSignature(1l,2,3);
signature is (int, int, int) ==> rec'd: 1, 2, 3

call 6: showSignature(100, 'A');
signature is (int, char) ==> rec'd: 100, A

call 7: showSignature('A', 100);
signature is (char, int) ==> rec'd: A, 100

call 8: showSignature('A');
signature is (char c¢) ==> rec'd: A

call 9: showSignature("Amazing!");
signature is (char*), same as (char[]) ==> rec'd: Amazing!

The data types in a function’s argument list constitute its signature. Each ver-
sion of an overloaded function must have a unique signature. A signature is
unique if it is different from each of the others. Notice that the (char) signature
is different from the (char*) signature: a data type and a pointer to that data
type are two different data types. The (char®) signature, however, is equivalent
to the (char! J) signature.

Each version of an overloaded function must also be distinguishable by way
of the actual arguments in calls. This means two things: it is insufficient for two
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signatures to differ only in whether one or more of the variables are passed
by value as opposed to passed by reference. Suppose the program has a func-
tion with the declarator int showSignature(int& x, int& y). The compiler has
no way of determining whether this implementation or the one where the ar-
guments are passed by value is the intended target of an invocation with two
int variables m and n, showSignature(m, n);. Thus these two versions create
ambiguity. It also means that the type of a returned item is of no use in disam-
biguating the two prospective functions, for example, void showSignature(int
i); from a possible int showSignature(int i);. Characteristics or disposition of
the returned entity are not known to the function. In the preceding program,
three returned ints are simply disregarded. Thus the compiler will not tolerate
the coexistence of two functions having the same name and the same sequence
of arguments simply because their return types are different.

Default Values for Trailing Arguments

The intent of function overloading is to allow different algorithms for items of
different data types to be accessed with the same interface. The intent of de-
fault arguments is to allow the general action of a function to be qualified. For
instance, a showlt( ) function for a string argument, in the general mode, might
just put the string on the next line of the display screen in whatever text color
and text background color happen to be prevalent: showlt(“Hello”);. However,
the function may have been written to accept optional second and third argu-
ments specifying the column and row to which the cursor should be moved
before the string is written: showlt(“Hello”, 20); would put the string on the
next line, indented 20 columns to the right; showlt(“Hello”, 20, 5); would put
the string 20 columns to the right on the fifth row. An optional fourth argu-
ment might accept a text color, and an optional fifth argument might specify a
background color.

Default values may be assigned to formal arguments in one and only one
place. If the function has a prototype, this is where they must be assigned:

#include <iostream.h>

void function (int a, int b = 3, int ¢ = 2, int d = 1); // Prototype.
void main()

{

}

function(10, 11, 12, 13);
function(100);
function(123, 456);
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void function(int a, int b, int c, int d)
{

cout << "\n a

" c

" << b <<
" << d << endl;

n<< a << " b
u<< c << " d

If the function lacks a prototype, then it may be assigned in the declarator
accompanying the function’s body:

#include <iostream.h>

void function(int a, int b = 3, int ¢ = 2, int d = 1)
{

cout << "\n a

n c

"<< b <<
"<< d << endl;

n<< a << b
"e< ¢ o<<" d

nou
fhn

}

void main()
{
function(10, 11, 12, 13);
function(100);
function(123, 456);
}

Both of these programs result in the output:

a=10 b =11 c=12 d =13
a =100 b =23 c=2 d=1
a=123 b =456 c¢c=2 d=1

The number of arguments to which default values may be assigned is unlim-
ited, but values must be assigned consecutively starting from the right end of
the argument list. If three of the four arguments have default values, these must
be the second, third, and fourth.

When calling a function whose arguments have default values, the omitted
arguments must be from the right end. The last one may be omitted, or the
second to last and the last; or the third to the last, the second to last, and the
last and so forth. One cannot provide a first actual argument, skip the second
and third (thus accepting the default values), and provide values for the fourth
and the fifth: showlt(“Hello” . . . YELLOW, BLUE);. From the vantage point of
the user, the restriction that only trailing arguments may be omitted is a simple
syntactical restriction. From the perspective of the function’s designer, it is an
architectural challenge: to find an ordering of information so that items from
left to right become increasingly standard.

The next program shows the construction and use of two functions whose
parameters have default values. All arguments of allHaveDefaults( ) have as-
signed defaults. Notice that no argument names appear within the prototype,
and that it looks as if values are being assigned to type specifiers. Prototypes
are not required to show names for the arguments. This is how default values



120

Chapter 3

Procedural C++ That Extends Pascal

are established when they do not. Two of the otherFunction()’s four arguments
have defaults. Which two? The rules state that these must be the last argument
and the one before it. Its prototype displays names for the parameters. As al-
ways, there is no need to provide a name for each one, and the names provided
do not have to match the names that are actually used within the function itself.
The prototypes are directly ahead of the functions to underscore that default
values, when present, are assigned within the prototype. Prototypes are re-
quired to lie ahead of their respective functions, and the functions can follow
in the source code at any distance.

To show that the presence of default values does not preclude function
overloading, otherFunction( ) is overloaded. Care must be taken in planning
a function that overloads a function having defaults: the signature of an al-
ternate implementation must not match any of the sequences of data types
that could satisfy the other. Potential ambiguities do not become compile-time
errors unless the source code includes an invocation causing an uncertainty
of choice. Thus a set of functions may appear compatible yet have incon-
sistencies that could cause failures in the future. In the following program,
a no-argument version of all[HaveDefaults( ) could have been coded and in-
cluded; likewise a version having an (int) signature. Neither would have caused
difficulty until invoked. Should a program attempt to call one of them, for
example, allHaveDefaults(5);, there would be an ambiguity.

#include <iostream.h>

void allHaveDefaults (int = 1, char = 'A', float = 3.14); // Prototype.

void allHaveDefaults (int 1, char c, float f)
{
cout << “from allHaveDefaults(): arg 1 = " << 1 << " arg 2 = " << ¢
<< " arg 3 = " << f;
}

void otherFunction (float f, int i, int j

99, char ¢ = 'Z'); // Prototype.

void otherFunction (float f, int i, int j, char c)
{
cout << "from otherFunction(): argl = " << f << " arg 2 = " << 1
<< " arg 3 = " << j << " art 4 = " << C/‘
}
void otherFunction() // Overloading.
{
cout << "from otherFunction() -- no-argument version";
}
void otherFunction(double d) // More overloading.

{
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cout << "from otherFunction() -- (float) version: arg = " << d;
}
void otherFunction(char messagel]) // Still more overloading.
{
cout << "from otherFunction() -- (char []) version: "
<< "string = " << message;
}
void main()
{
cout << "\n\n call 1: allHaveDefaults();" << "\n ",

allHaveDefaults();

cout << "\n\n call 2: allHaveDefaults(22);" << "\n "
allHaveDefaults(22);

cout << "\n\n call 3: allHaveDefaults(333, 'B');" << "\n "
allHaveDefaults (333, 'B');

cout << "\n\n call 4: allHaveDefaults(444, 'C', 25.25); " << "\n "
allHaveDefaults (444, 'C', 25.25);

cout << "\n\n call 5: otherFunction(75.75, 5555);" << "\n ",
otherFunction(75.75, 5555);

cout << "\n\n call 6: otherFunction(125.125, 6666, 1234);" << "\n "
otherFunction(125.125, 6666, 1234);

cout << "\n\n call 7: otherFunction(77.75, 7777, 5678, 'S');" << "\n "
otherFunction(77.75, 7777, 5678, 'S$');

cout << "\n\n call 8: otherFunction();" << "\n ",
otherFunction();

cout << "\n\n call 9: otherFunction(2.72);" << "\n "
otherFunction(2.72);

cout << "\n\n call 10: otherFunction(\"It really works!!\");" << "\n "
otherFunction("It really works!!");

Here is the output.

call 1: allHaveDefaults();
from allHaveDefaults(): arg 1 =1 arg 2 = A arg 3 = 3.14

call 2: allHaveDefaults(22);
from allHaveDefaults(): arg 1 = 22 arg 2 = A arg 3 = 3.14
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call 3: allHaveDefaults(333, 'B');
from allHaveDefaults(): arg 1 = 333 arg 2 = B arg 3 = 3.14

call 4: allHaveDefaults (444, 'C', 25.25);
from allHaveDefaults(): arg 1 = 444 arg 2 = C arg 3

"

25.25

call 5: otherFunction(75.75, 5555);
from otherFunction(): argl = 75.75 arg 2 = 5555 arg 3

"

99 art 4 = 2

call 6: otherFunction(125.125, 6666, 1234);
from otherFunction(): argl = 125.125 arg 2 = 6666 arg 3 = 1234 art 4 = 2

call 7: otherFunction(77.75, 7777, 5678, 'S$');

from otherFunction(): argl = 77.75 arg 2 = 7777 arg 3 = 5678 art 4 = §
call 8: otherFunction();

from otherFunction() -- no argument version
call 9: otherFunction(2.72);

from otherFunction() -- (float) version: arg = 2.72
call 10: otherFunction("It really works!!");

from otherFunction() -- (char []) version: string = It really works!!

Static Variables Within Functions

An automatic variable within a function specified as static is a local variable
that retains its storage, hence its value, from call to call. That is, static variables
have local scope but a lifetime beyond the life of the function. Static variables
are used when the current call needs to carry on from the point where the
function had been when it last ran. They make it unnecessary for the internal
state of a function to be kept by external variables, or for functions that call
it to be responsible for having and providing information that is beyond their
own logic.

For an example, consider a linear pseudorandom generator that must return
another random number each time it is called. In a discrete system simulation,
it might be called from different points to provide values for entity interarrival
times, to set entity attributes, and to determine entity service times. It calculates
the current random for return by multiplying the last random times a constant
multiplier and stripping off the digits to the left of the decimal point. Randoms
spanning the 0 . . 1 range are the most tractable relative to being mapped onto
all the discrete and continuous, uniform and nonuniform distributions that an
application has to have.

If the constant multiplier were 16807
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and if the initializing pseudorandom value were 0.65549, then

the first pseudo- the second pseudo- the third pseudo-

random generated random generated random generated

would be 0.82043: would be 0.96701: would be 0.53707:
16807 16807 16807

* 0.65549/ * 0.82043/ * 0.96701
11076.82043 13788.96701 16252.53707

double getRandom()
{
static double random = 0.65549; // Initialization is performed only once,
// as the variable is defined when the
// function is called for the first time.

const int MULTIPLIER

1]

16807;

double product = MULTIPLIER * random;

random = product - long(product); // Subtract off the whole number part.

return random;

Static variables cannot be formal arguments because formal arguments re-
ceive values from the outside with each instantiation. The incoming data would
replace preserved information before it could be used. Thus updating infor-
mation is assigned from within the function after the point where the retained
value is no longer needed. This implies that for the function’s inaugural in-
stantiation an appropriate value is placed in store by way of initialization for
use prior to the first update. The coded initialization is performed only once,
during the inaugural instantiation. In the absence of an explicit initialization of
a static variable, C++ automatically initializes it to O.

3.4 Summaries

This section summarizes some useful details.

o The data types provided by C++ are listed in the following.
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Data type Comment

char Usually one byte

short These are three integral types. The number
int of bytes in each is platform dependent. Often
long the size of the int is the same as either the

short or the long.

float
double
long double

These may be qualified in various ways.

® const A variable of any data type may be defined to be a constant.

* static A local automatic variable of any data type may be defined
to be static so that its value is retained for the function’s next
instantiation.

o unsigned Variables of types short, int, and long may be specified as un-
signed. If an int stored in two bytes had a range of —32,768 . .
32,767, an unsigned bit would have a range 0 . . 65,535.

/] The index operator may be applied to denote an array.
o * The asterisk is the type modifier specifying pointer.

More than one of these may be used at a time.

e This table lists operators in order of decreasing precedence, but the
precedence is the same for all operators within a division:

Operator Descriptive identification
scope operator

[] array subscripting operator

. member of structure selector

-> member of structure selector via address
() function call

sizeof

O data type conversion operator (“cast”)
new get dynamically allocated memory from the heap
delete return dynamically allocated memory

& address-of operator

* indirection operator

- unary minus (minus sign)

+ unary plus

++ unary increment

- unary decrement

! logical not
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* multiplication

/ division

% modulus

+ addition

- subtraction

< less than (relational operator)
<= less than or equal to

> greater than

>= greater than or equal to

== is equal to (“equality operator”)

1= is not equal to (“inequality operator”)
&& logical and

|| logical or

conditional expression operator

= assignment operator

+= compound and assignment operator
=

/=

&=

These are the 48 keywords belonging to C++.
asm double  new switch
auto else operator template
break enum Dprivate this

case extern protected  throw
catch Sfloat public try

char Sfor register typedef
class Sfriend return union
const goto short unsigned
continue  if signed virtual
default inline sizeof void
delete int static volatile
do long struct while

Escape sequences pair two symbols that stand for a single character that can-
not be directly typed. The backslash is a qualifier indicating that the letter
immediately following has a special interpretation,

Escape sequence Meaning

\n new line

\r carriage return without a line feed
i form feed (new page)

\b backspace

\a audible tone (“beep™)
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References

A\ horizontal tab

\v vertical tab

\” displays double quotes
A\ displays the backslash

Further references

An encyclopedic, authoritative, and well written textbook on C++ is Stan-
ley B. Lippman’s C++ Primer [3]. Although not for beginning programmers,
it is accessible and moves along quickly because of the author’s explanation
and organization. It belongs in your library along with Stroustrup’s The C++
Programming Language (6] and Ellis and Stroustrup’s The Annotated C++
Reference Manual [1]. Stroustrup’s explanations begin at the beginning and
are exceedingly clear. All these volumes exhaustively cover C++ as a con-
ventional programming language. No one should be deluded into thinking
that the first step in learning C++ is to learn C. Nonetheless, there is still value
in reading what Kernighan and Ritchie have to say in The C Programming
Language [2], about those features of their language that remain sanctioned
within “the better C subset,” as the conventional core of C++ is commonly
called. To make a study of ANSI C, or to read C code, a good source is
Lippman’s Appendix C on the “Compatibility of C++ with C.”

P. J. Plauger’s two books, The Standard C Library [4] and The Draft Stan-
dard C++ Library (9], are definitive references. The first is needed for those
C libraries upon which C++ remains reliant.

. Ellis, M. A. and Stroustrup, B. The Annotated C++ Reference Manual.

Reading, MA: Addison-Wesley, 1990.

. Kernighan, B. W. and Ritchie, D. M. The C Programming Language, 2nd ed.

E’nglewood Cliffs, NJ: Prentice-Hall, 1988.

. Lippman, S. B. C++ Primer, 2nd ed. Reading, MA: Addison-Wesley, 1991.
. Plaugher, P. J. The Standard C Library. Englewood Cliffs, NJ: Prentice-Hall,

1992.

. Plaugher, P. J. The Draft Standard C++ Library. Englewood Cliffs, NJ:

Prentice-Hall, 1995.

. Stroustrup, B. The C++ Programming Language, 2nd ed. Reading, MA:

Addison-Wesley, 1991.
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4.0 Introduction

So far in this book, the programming that has been done is conventional, or
procedural, in fact, structured (using “a better C”), and analogous to Pascal with
many convenient extensions. As everyone knows, structured programming can
accomplish any programming job, and is certainly not obsolete. Structured pro-
gramming uses both algorithms and data structures; although the programmer
attends to both, the focus is probably on the algorithms.

In object-oriented programming the focus is on the data structure, but an
enhanced structure that includes algorithmic functionality. A user-defined type
in C++ that includes both data members and function members is defined with
the keyword class. The word object refers to an instantiation of a class. Once
a class is defined, the class name is used to define objects of that class.

An initial and pragmatic characterization of an object-oriented program is
one that includes the definition of a class, the declaration of one or more ob-
jects of that class, and the use of member functions to manipulate the data in
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those objects. For example, a class stack might be defined, and member func-
tions push( ), pop( ), and is_.empty( ) might be used on the data in the stack.
The data and the functions are part of the same structure, defined by the class
and instantiated as objects.

It is important to note, however, that this characterization of an object-
oriented program really describes a structured program with a new program-
mer-defined data type. That is, a class extends structured C++ to C++ with data
abstraction. Structures are constructed in which data, and functions related to
the data, are bound together. This is called encapsulation. Data can be hidden
(called data hiding) and access can be restricted to well-defined ways using
member functions (the interface).

In The Design and Evolution of C++ [4], Stroustrup provides his perspective
of C++, indicating that as “a better C” it can be used for conventional program-
ming, data abstraction, or objected-oriented programming. A program with
classes and objects will be understood from here on to be an object-oriented
program. But it is important to note that the extension of structured C++ with
classes and objects can really be understood as a structured programming lan-
guage with abstract data types; in itself this is an important characterization of
C++. As such, C++ is a language that provides a more powerful abstraction
mechanism than does Pascal. Sections 4.1 through 4.3 develop the concepts
of abstraction and their implementation in C++ including classes and objects
(4.1), constructors and destructors (4.2), and friends and operator overloading
4.3).

It is only with inheritance and polymorphism that C++ is further extended
to a language with the full power of object-orientation. Inheritance and
polymorphism are discussed in Section 4.4.

4.1 Classes and Objects

The specification of a class in C++ is very much like the specification of a user-
defined data type in Pascal. It provides a pattern with which things of that type,
objects, are created. Consider the following simple class and its use in creating
objects.

The class is called Box, and it is that data type which is used to define a
rectangular patch formed with a character. Here are some concrete samples of
what instantiations of Box, or Box objects might be.

**x*xxx+x% o This i{s a picture of an instantiation of the Box class; it is an
Kok ok ek Xk Ok object whose length is nine, whose height is three, and whose
kokokokokok ok ok ok symbol is the asterisk; call it box1.
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#include <iostream.h>

class Box -

&& e This is a picture of another instantiation of the Box class; it
&& is an object whose length is two, whose height is four, and
&& whose symbol is the ampersand; call it box2.

&&

AAAAA e This is yet another instantiation of the Box class; it is a Box
AAAAA object whose length is five, whose height is five, and whose
AAMAAA symbol is the letter ‘A’; call it box3.

AAADA

AAAAA

Each of these three Box instantiations or objects is an individual thing having
a separate identity. That is, box1 is an entity apart from and independent of
box2 and box3. What is more, the appearance or “attributes” of each box are
characterized by three factors: a length, a height, and a symbol. The state of a
box is its set of values for its characterizing variables.

In addition to having an identity and a state, all Box objects have some func-
tionality or behaviors. For example, they might be able “to become twice as
long,” or “to become twice as high.” To keep things simple, stipulate that the
only things these Box objects “know how to do” are to set their dimensions
and symbol and to display themselves. More specifically, all Box objects will
have the same behavioral capabilities and these include the ability, on demand,
(1) to query a person at a workstation to set or reset their state, and (2) to show
themselves in the output, left justified.

Box objects will exist in a program with three state variables and two be-
havioral capabilities. The state variables, called the data members of Box, hold
the data pertinent to its condition. The behavioral capabilities are called mem-
ber functions. Member functions can be invoked only by Box objects and are
written to enable action on the part of an invoking box. Data members and
function members are defined within a “class specifier.”

The following program defines a class called Box having three data mem-
bers called symbol, length, and beight, and two function members, showBox()
and setSize( ). The program’s main( ) function declares and uses three ob-
jects of this class. The program is followed by an explanation of everything
that it contains, but brief annotations accompany the code to provide a quick
explanation of the highlighting ideas.

The first letter of a class name,

{

is often, by convention, capitalized.
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public:
If no access
char symbol; // This is a public data member. specifier is
given, the
default is
private:—= private for
data members
int length; // This is a private data member. and function
members.
int height; // This is another private data member.
public: -
void showBox(); // Prototype
void showBox(); // Prototype.
void setSize() Private data and function members
are accessible only within functions
{ that are members of the class;
int 1, h; public data and function members

are accessible within main() and all
other functions, whether member
functions belonging to the class or not.

Here 1 and h are not data members of
this class; they are automatic
variables within this function.

cout << "\nEnter a length (an int between 2 and 10): “;
cin >> 1;
if (1 >= 2 && 1 <=10) length = 1; // This is the same as
// (*this).length = 1; which is also
else length = 1; // the same as
// this->length = 1;

cout << "Enter a height (an int between 2 and 6): ";
cin >> h;
if (h >= 2 && h <= 6) height = h; Reference to member
functions is for the
else height = 1; object whose member
function is being
executed.

cout << "\nEnter a symbol: ";

cin >> symbol;

showBox(); // This is the same as (*this).showBox();
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// and this->showBox();

} ;< ———— The class specification ends with a semicolon, just as a structure's specification.

Every function that is part of the class, which is to say,
every member function, must be declared or defined within the
class specifier. A function that is defined in full

inside the class's specification is construed as coming with
an inline request. A function defined outside the class
specifier requires the class's name and the scope resolution
operator to show to which class it belongs.

function's class's scope function's definition of
return type name resolution name formal arguments

(if any) operator
]

l i/ l // A member function's definition outside the
void Box::showBox( ) // class specifier.

{
cout << endl;
for (int i = 1; 1 <= height; i++)
{
for (int j = 1; j <= length; j++) cout << symbol;
cout << endl;

}

The "dot operator" is more formally referred to as
the member access operator. It is used to access both
an object's function members and its data members.

void main()

{

Box bogXl, box2, box3; // Three objects of type Box are defined.

// Notice that the class's name 1is used
// as a type specifier, just as int or
// float may be.

box1.setSize(); // Here boxl invokes its member function, setSize().
// Accordingly, the person at the terminal is

// queried for values for its length, height,
// and symbol; then the box is displayed.
box2.setSize(); // Here box2 invokes its member function, setSize().

box3.setSize(); // Here box3 invokes its member function, setSize().
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box1.showBox () ;
box1.showBox();
}

Classes

// Here boxl is shown.
// Here boxl is shown again.

Here, again, is the specifier for the Box class:

class Box
{
public:
char symbol; // This is a public data member.
private:
int length; // This is a private data member.

int height; // This is another private data.
// member.

public:
void showBox(); // Prototype.

void setSize()

{
// Details omitted.

}
};

All class specifiers open with the keyword class in lower case letters followed
by the name of the class, which in this case is Box. Names for classes are
discretionary and formed from the same rules used to form identifiers, includ-
ing variable names and function names. By convention, the first letter of a
class name is capitalized. The data members and function members that are
to be part of each object are then declared within braces. Note that the class
specifier’s closing brace is followed by a semicolon.

Access and Membership

Every data member and every function member has an access status: public,
private, or protected. The public access status means that the variable or func-
tion is accessible in main() and in all other functions in which objects of this
class may be present. In other words, the variable or function can be accessed
in all parts of a program where the class itself is within scope. The private
access status means that the variable or function is accessible only within func-
tions that are members of the class. The protected access status applies with
respect to derived classes. No class or classes are derived from the Box class, so
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Member Functions

a protected status would have been operatively identical to private throughout
this program. The protected access status is discussed with inheritance.

The access status specifiers within a class specifier are always followed by a
colon. Any number of variables and/or functions may be defined or declared
under a single specifier. In specifying the Box class, one variable (i.e., one
data member), symbol, was defined under the first public specifier. Two vari-
ables (data members) were defined under the following private specifier, so
both are private. This means they will be accessible in all the class’s member
functions, but within no other functions. Two functions are given under the
next public specifier, making them accessible to objects wherever the objects
happen to be. The objects may be found among members of the Box class,
within free functions (i.e., “stand-alone” functions that are not members of any
class), or within functions that are members of a different class (if there were
another class). One of these functions was declared (not defined); only its pro-
totype appeared. It is defined in full later, but the presence of its declaration is
sufficient to make it a member function. The other function is fully defined.

The access specifiers may appear in any order. Any number or mix of data
and/or function members may appear under any one. There is no limit on the
number of times the access specifiers may be used. If no access specifier ap-
pears ahead of a data member or member function, the default is private, in a
class.

The functions setSize(' ) and showBox( ) access the variables symbol, length,
and beight. One might think that within the class specifier these variables would
have to be defined ahead of these functions, but this is not so (though it might
reflect good programming practice). Because an object, when it is declared,
is created in its entirety, the static layout of its members is immaterial. Even
though setSize(') calls showBox( ), setSize( ) could have appeared ahead of the
other’s prototype.

The local variables within these functions (e.g., the for loop control vari-
ables ¢ and j in showBox( ) and the variables b and / in setSize( )) are not data
members within objects. They are standard automatic variables that come into
existence when their function is invoked to expedite processing. They drop
out of existence when the function returns.

In correct C++ terminology, the member function setSize( ) is defined, not just
declared, within the class specifier. The member function showBox( ) is de-
clared within the class specifier but defined outside it. For a function to be a
member function, it must be at least declared within the specifier. More often
than not, programmers consider it stylistically preferable to present a list of
prototypes within the class specifier rather than obscuring the interface with
detail.
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Objects

There is one technical distinction associated with functions fully defined
within the class specifier: an implicit request to the compiler for inline linkage.
By placing a function’s body within the specifier, the programmer indicates a
preference for function invocations to be replaced by code expansions during
compilation instead of initiated as calls and returns. Some compilers will issue
a warning when the request is denied.

A member function defined beyond the bounds of the class specifier, such
as showBox( ), must be designated by its “full name” to prevent the possibility
of ambiguity. Its full name is the name of the class to which it belongs, the
scope resolution operator (which is the double colon), and its name and argu-
ment list (i.e., its signature). Its return type is not technically part of its name,
but it must nevertheless be present, preceding (i.e., to the immediate left of) its
class identification. Without the class identification and scope resolution oper-
ator, a function defined outside a class specifier would be construed as a free
function, not 2 member function. There is no reason why a free function and
a member function within one or more classes cannot have the same name
and argument list. In general, wherever context or usage is insufficient for pin-
pointing the class to which a member function or data member belongs, its full
name is needed. A class member’s full name is always formed by attaching the
class’s name followed by the double colon to the member’s identifier.

Turn now to the action initiated by main( ).

void main()

{
J* 1 */ Box boxl, box2, box3;
J* 2 %/ boxl.setSize();
/* 3 %/ box2.setSize();
J* 4 *) box3.setSize();
J* 5 %/ box1.showBox() ;
/* 6 %/ box1.showBox() ;
}

Objects are created in the same way that ints, floats, and chars are created:
the class itself is a data type; the class’s name in this context is a data type
specifier (like int); and the one or more identifiers to its right are instantia-
tions. It is very significant that the class Box has become a data type that has
a range of properties on a par with the language’s built-in data types. This is
what is meant by abstraction. Line one creates three Box objects, one named
box1, another named box2, and another named box3. Each has an identity of
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its own composed of its own set of data members: symbol, length, and beight.
With these three definitions, a total of nine memory bindings is established:

box1.symbol box1.length box1.height
box2.symbol box2.length box2.height
box3.symbol box3.length box3.height

In this manner, an object is like a conventional struct. Its data members are ac-
cessible with the member access operator (informally called the dot operator).
For instance, main( ) may have included the following statements.

boxl.symbol = '1'; // Assign to the symbol member of boxl.
cout << boxl.symbol; // Display the symbol member of boxl.

box2.symbol = '2'; // Assign to the symbol member of box2.
cout << box2.symbol; // Display the symbol member of box2.

box3.symbol = '3'; // Assign to the symbol member of box3.
cout << box3.symbol; // Display the symbol member of box3.

! , |

object's name| the dot operator data member

(the member access operator)

Although syntactically acceptable, identical code for either of the other two
data members, length and beight, would elicit a fatal compile-time error. Ac-
cessing, both “writing” and “reading,” of private data members (and calling of
private function members) from main( ) as well as from all other functions
that are not members of the object’s class is not possible. Accessing of symbol
is possible because its access status is public.

Line two consists of box? accessing its member function setSize( ). Member
functions are accessed in the same way as data members: the accessing object,
followed by the member access operator, followed by the name of the function
member. Like any function call, parentheses enclose the argument list and must
be present even when no arguments are expected (as is the case here). Just
as member functions may have any number and types of arguments, they may
return a something of any type, exactly as does a conventional free function.

Member functions such as setSize(') and showBox( ) that belong to a partic-
ular class can only be invoked by objects of that class (Box objects, in the case
of these two functions). These functions cannot be invoked by instantiations
of a different class (e.g., by Triangle objects if there is a class called Triangle)
or without an invoking object, as a free function. The scope resolution oper-
ator is never necessary when an object invokes a member function because
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the object’s class automatically delineates the referencing environment. Finally,
access to function members is governed by the same rules that control access
to data members. Member functions specified as public may be accessed from
main( ), from any other free function, from any member function within any
other class, and from within other member functions of its same class. Member
functions specified as private may be accessed only from within other member
functions of the same class.

Although an object’s function members and data members are characterized
as belonging to the object in similar ways, in actuality the code for functions
is not replicated for individual objects the way storage for data members is.
The invoking object is the object referenced by data members and acted upon
by function members when these appear without an accessing object. On line
two, the object box1 invokes its member function setSize( ):

/* 2 */ boxl.setSize(); // This is replicated
// from mainf().

This causes setSize(' ) to run with box1 as its invoking object.
The setSize( ) function is replicated in the following.

void setSize()

{
int 1, h;

cout << "\nEnter a length (an int between 2 and 10): ";
cin >> 1;

if (1 >= 2 && 1 <=10) length = 1;

else length = 1;

cout << "Enter a height (an int between 2 and 6): ";
cin >> h;

if (h >= 2 & h <= 6) height = h;

else height = 1;

cout << "\nEnter a symbol: ";
cin >> symbol;

showBox () ;

}

On line 7, length is assigned the value of /; on line 8 length is assigned the
value of 1. On line 13 beight is assigned the value of b; on line 14 height is
assigned the value of 1. On line 17 a value from the standard input stream is
assigned to symbol. Whose data members are these? The answer is whichever
Box object is the current accessor of the function, which here is box1. Values
assigned to the accessing object’s data members persist beyond the function’s
return. The changes made extend beyond the function’s lifetime. On line 19
there is a call to showBox( ) to display the updated state of the accessor Box
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object. Because showBox( ) is a member function, it cannot be invoked with-
out an accessing object. Here again, within a member function (setSize( )), a
seemingly absent accessor is really the implicit accessor, which is the object
that kicked things off with the call.

Consider this part of main( ),

/* 3 %/ box2.setSize();
J* 4 */ box3.setSize();

Here box2 accesses setSize( ) on line 3. This time, when setSize( ) runs the
implicit accessor within it is box2. When setsize( ) is invoked by box3, box3
becomes the implicit accessor. There is an explicit referent for the accessing
object which is this. To be precise, this is the address of the accessing object
or, in different terms, a pointer to it. Dereferencing “the this pointer” gives
the object itself, *his. Within the setSize( ) member function, every “standing
alone” (i.e., implicitly accessed) occurrence of

length could be replaced by (*this).length or this->length

and
height could be replaced by (*this).height or this->height

and
symbol could be replaced by (*this).symbol or this->symbol

and the call

showBox( ); could be replaced by (*this).showBox( ); or
this->showBox;

The need for an explicit name for the accessing object can arise when it is to
be passed back as the item returned, or used as an actual argument in calling
another function. In both these cases there are alternate approaches, however,
alleviating the need to dereference pointers.

Line 5 of main( ) shows showBox( ) called from a nonmember function. The
output would confirm that the settings to box1’s data members from its invo-
cation of setSize( ) on line 2 persist. Line 6 underscores the fact that an object
and a member function can be used often.

Selectors and Modifiers

It is common for classes to be designed so that at least some private data mem-
bers can be read or written by way of member functions. A function that gets
the value of a private data member is called a selector. A function that resets
or puts a value into a private data member is called a modifier. Here is the Box
class enhanced with a selector function that returns the value of the invoking
object’s beight and a modifier function that permits the invoking object’s length
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to be updated. If they were not public, selectors and modifiers would not be
able to serve as interface facilities.

class Box
{
public:
char symbol; // This exemplifies a public data member.
private:
int length; // This exemplifies a private data member.
int height; // This is another private data member.

public:
void showBox() ; // This is a prototype.
void setSize(); // This is a prototype.
int getHeight(); // This is a prototype

// of a selector.
void setLength(int newLength); // This is a prototype
// of a modifier.
};

int Box::getHeight() // This returns the height of the accessing
// box object.
{
return height;
}
// This resets the length of
void Box::setLength(int newLength) // the accessing box object.
{
if (newLength >= 2 && newLength <= 10) length = newLength;
}

Overloading Member Functions

The selector and modifier illustrate that member functions are like functions,
in general, in that they do information transmission through arguments and re-
turns. Arrays and pointers may be passed as arguments, and arguments may be
passed by reference as well as by value. Member functions, like conventional
free functions, may have any signature at all and may be overloaded. The fol-
lowing two functions show overloading, an object passed as an argument, and
an object returned.

class Box
{
public:
char symbol; // This exemplifies a public data member.
private:
int length; // This exemplifies a private data member.
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int height; // This is another private data member.
public:

void showBox(); // This is a prototype.
void setSize(); // This is a prototype.
int getHeight(); // This prototype is a

// selector.
void setLength(int newLength); // This prototype is a
// modifier.

Box add(int incrementForLengthAndHeight); // This is a
// prototype.
Box add(Box boxArgument); // This is a

// prototype.
}I.

Box Box::add(int incrementForLengthAndHeight)
{

Box temp; // This gets a new box to represent "the sum".

temp.symbol

symbol; // Symbol of accessing Box copied into
// temp.

length + incrementForLengthAndHeight;
height + incrementForLengthAndHeight;

temp. length
temp.height

return temp;

}
Box Box::add(Box boxArgument)

{
Box temp;
temp.symbol = symbol; // Symbol of accessing Box copied into

// temp.

temp.length = length + boxArgument.length;
temp.height = height + boxArgument.height;
return temp;

}

Because each of these new functions is a member function, each must be ac-
cessed by a Box object. In both, symbol, length, and beight refer to the data
members of the accessing Box. Both define a Box as an automatic variable,
illustrating that a member function may create instantiations of its own class.
The second function manages three Boxes: the accessing Box, the automatic
variable, temp, and the formal argument, boxArgument. Members of all Boxes
other than the accessing Box have to be accessed using the name of the ad hoc
Box (e.g., temp or boxArgument) and the dot operator. Private members can
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be accessed within these functions because these functions are members of the
class. It does not matter how an object arrives within a member function—as
the accessing object, as an instantiation defined within, or as a formal argu-
ment passed by value or by reference. Once there, its private members can be
read and written freely. Access to private members is not limited to the invok-
ing object. Finally, a Box as a whole is referenced by its name alone, as in the
return statement. The assignment operator can also operate on whole objects.
Here is an alternate version of the second add( ) function.

// Here is the the first alternate version,

Box Box::add(Box boxArgument) // which uses the assignment operator

{

}

// as well as the "this pointer".

Box temp = *this;

temp.length += boxArgument.length;
temp.height += boxArgument.height;

return temp;

The assignment operator performs a member-by-member copy of values from
the right operand into the left operand. To refer to the accessing Box, we
dereferenced the this pointer, the variable that holds the address of Box.

A variation on this version is to assign the boxArgument to temp. This is a
more straightforward approach that does not involve dereferencing pointers.

// The second alternate version, which

Box Box::add(Box boxArgument) // uses the assignment operator.

{

Box temp = boxArgument; // Copy symbol of boxArgument into temp.
temp.symbol = symbol; // Copy symbol of accessing Box into temp.

temp.length += length;
temp.height += height;

return temp;

Free Functions That Have Box Arguments and Return Boxes

Because the name of a class becomes a type specifier, as expected, objects
can be defined within any free function just as Boxes were within main( ).
Not only can Box scalars be defined, but so can Box arrays, pointers to Boxes,
arrays of pointers to Boxes, and so forth.

void someFreeFunction()
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{
Box  bl; // Define a single Box scalar.
Box  bxl, bx2, bx3; // Define three Box scalars.
Box  boxArray([10]; // Define a 10-element array.
Box* boxPtr; // Define a pointer to a Box.

Box* boxPtrArray([10]; // Define an array of Box pointers.

Box** boxPtrToPtr; // Define a pointer to a Box pointer.

}

Because a class creates a type specifier, instantiations of that type are available
for information transmission into and out of free functions. Here, for example,
is a free function that adds two Boxes, in the manner of the previous add( )
functions, putting the symbol from the first argument into the Box returned.

Box add(Box boxArgumentl, Box boxArgumentZ2)

{

Box temp;

temp.symbol = boxArgumentl.symbol; // Symbol is a public data member.

temp.setlength( boxArgumentl.getLength() + boxArgumentl.getLength() );
temp.setHeight ( boxArgumentl.getHeight () + boxArgument2.getHeight() );

return temp;

Free functions are not invoked by an accessing object, therefore there is never
an implicit accessor. All data members and function members must appear with
the accessing object explicitly shown. Public members, including public data
members such as symbol and public function members such as setLength( ), are
accessible. Private members, including private data members such as length
and beight, and private function members (there are none in the Box class)
are not accessible. Any member specified as private is only accessible by a
free function if interfaces have been engineered into the class by way of se-
lectors and modifiers. The preceding coding presumes that the getHeight( )
selector has been supplemented with a similar getLength( ) selector and that
the setlength( ) modifier has been supplemented with a similar setHeight( )
modifier. Because the Box arguments are passed by value, this function may
have been coded without defining a Box temp.

Box add(Box boxArgumentl, Box boxArgument2) // **ALTERNATE VERSION**
{
boxArgumentl.setLength( boxArgumentl.getLength()
+ boxArgumentZ2.getLength());
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boxArgumentl.setHeight ( boxArgumentl.getHeight ()

+ boxArgument2.getHeight() ):

return boxArgumentl;

}

sumBx

The modifications made to boxArgument] have no effect on the actual ar-
gument passed to this function because the formal argument, boxArgument1,
is only a copy. The return operation returns the modified boxArgument1, by
means of a member-by-member copy, into a temporary variable. Following is
a fragment of main( ) contrasting the difference between the invocation of the
add( ) member function and the add( ) free function. A member function can
be distinguished from a free function by the presence of an accessing object.

box1.sum(box2) ; // This is a member function:

// Box Box::add(Box boxArgument).

sumBx = sum(boxl, box2); // This is a free function:

Abstract Data Types

// Box add(Box boxArgumentl, Box boxArgument2).

The following boxSwap( ) function is a free function to which Box objects
are passed by reference. The most interesting point to note is that the assign-
ment operator provides an arm’s length mechanism for manipulating private
data members. Even though length and beight are private, the assignment op-
erator works within free functions to copy their respective values from the right
operand into the left operand.

void boxSwap (Box& boxA, Box& boxB)
{

Box holder;

holder = boxA:;
boxA = boxB;
boxB = holder;

Consider the bit-string stored in a byte: 0100 0001. What does it represent? In-
terpreted as a number in binary, it is the integer 65. Interpreted as an ASCII
character, it is an ‘A’

Abstraction was introduced into programming languages when memory lo-
cations started to be construed as representing specific data types. If a storage
location holds an integer, it has a particular universe of values, is treated in a
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class Queue

{

particular way for display, and is allowed to take part in a certain set of pro-
cessing activities (e.g., arithmetic). If a storage location holds a character, it has
a different universe of values, is treated in a different way for display, and can
take part in a different set of processing activities. In Pascal, for example, a
program cannot add one to the value of a variable defined as a char. (This
represents an enforcement of data types that is stronger, in this case, than in
C++)

Every programmer knows that integers, characters, floats, and other basic
data types in a language have no intrinsic existence within the hardware of
the computer. They are conceptual models of items in the problem space, and
they are enforced to enable a higher level of thinking, thereby providing more
reliability in the programming process. They are abstractions.

Typically, for built-in data types, there is also language-provided function-
ality. For example, integers and floats can participate in arithmetic activities.
High-level languages also provide more powerful data abstraction with struc-
tures such as arrays and records, and more powerful procedural abstractions
such as functions and procedures. Structural programming languages, such as
Pascal, typically offer data abstraction and procedural abstraction. But Pascal,
for example, offers no way to create abstract data types like those that are
language-provided. It lacks programming language features that both char-
acterize data and have the related ability to manipulate those data through
functions. In other words, Pascal does not provide the programmer with the
construct that is a data type with its own set of manipulating functions.

Consider abstract data types common to the study of computer science, such
as stacks, queues, and binary trees. A queue, for example, is a first-come, first-
served waiting line. Besides being constituted of memory, a queue has at least
two natural operations: appending an incoming item to the end of the line
and delivering the item at the front of the line when it is called. How might a
queue be represented in a structured program? In Pascal (or in C++ used like
Pascal), a queue might be implemented in a linked list. A node is a record or
struct that holds each of the enqueued items. Functions manipulate the list as
a queue. However, nowhere in the program would there be a type specifier
named Queue that embraced both the data structures for the node, and the
functions that manipulate the queue.

It is now clear that in an object-oriented program, a class named Queue can
be specified to include both. Here is a Queue class. The bead and the rear of
each object are private data members. The Queue class offers the public mem-
ber functions initialize( ) to set bead and rear to NULL, append( ), empty( ),
and deliver( ).

private:

struct node
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public:

}:

{
itemRec entity; // Here itemRec is the type specifier for a
// struct.
node* next;
}
node *head, *rear; // These are the head and rear of ad hoc
// queue.
void initialize(); // Sets head and rear to NULL.

void append(itemRec itemIn); // Appends a new node holding itemIn
// to the back of the queue.

int empty(); // Returns 1 if queue is empty, 0 if not
// empty.

itemRec deliver(); // Returns the itemRec at the front of the
// list and deletes the node that had been
// holding it.

In main(), or anywhere else that an instantiation of such a Queue were needed,
a queue could be declared and used as follows:

void main{()

{

Queue arrivalQueue; // No queue like this can be defined in
// Pascal.
arrivalQueue. initialize();

Queue waitForServers;
waitForServers.initialize();

Queue waitForInspectors;
waitForInspectors.initialize();

Queue waitForPackers;
waitForPackers.initialize();

The operations that can be performed upon Queue objects are limited to what
the class has made possible. No data members are publicly accessible, so the
queue itself cannot be touched. All that the class allows for are “telling a queue
to append an entity,” “telling a queue to deliver an entity,” and so forth. A
Queue has become an abstract data type like int, float, and char.

Although computer science students and professors are interested in stacks,
queues, binary trees, and the like, applications may have banks, ATM machines,
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customers, accounts, and transactions. Alternatively, they may have users, mail
boxes, and messages. It turns out that the kinds of objects comprising a sys-
tem can be construed as abstract data types just as a stack, queue, or tree.
What is more, it turns out that myriad benefits accrue by building classes and
programming with objects.

Abstraction refers to defining and using a Queue within a program in ways
that are natural, that is, with the effect of linear storage structure and applicable
operations. A good class will offer precisely these features, and nothing else.

Encapsulation refers to the packaging of a unit of code within a function.
Having a computation accessible for nothing but the proper call provides two
great benefits. First, it enables anyone who knows how to call a function to
do virtually anything. Complicated programming once encapsulated, is tamed.
Minimal effort is required to access it, and it is always performed correctly
(assuming the function was properly written). Encapsulation is carried to the
extreme by program development environments, word processing packages,
spread sheets, and the like. In these milieu, one need not even know how to
call a function. The function is invoked by clicking on an icon or making a
selection from a menu.

A second benefit is that encapsulation is the mechanism that allows classes
to offer the right tools for managing objects. For instance, a class allowing
the instantiation of stack objects offers functions for pushing and popping. In
using a stack object for the evaluation of a postfix expression, pushing and
popping by way of function calls eliminates the logical distraction that follows
from mingling the stack mechanics with the steps directly pertinent to solv-
ing the problem at hand. A string class provides the facilities for making string
objects so easy to use that their presence in an application causes no distrac-
tion. Encapsulation of functions allows code to be written at the level of the
application development.

Information hiding is the means through which encapsulation is enforced.
Users are prevented from interacting with any members specified as private,
except by means of public member functions that provide the interfacing mech-
anism. The benefit is that interactions with the class can remain unchanged
even if the class undergoes internal modification. Suppose, for instance, that
in performing an upgrade of the Box class, performance can be improved by
changing the data members from length, beight, and symbol to area, beight,
and symbol. A client’s functions which doubles the length of a Box is unaffected
if it uses Box::getlength( ) and Box::setLength( ) because these are re-written
to work just as if there were a length data member. Client’s functions that de-
pend on the literal existence of this data member (which is to say functions
that use implementation specific details for the Box class would be inopera-
tive. Offering explicit interfaces and prohibiting their violations takes care of
systems dependent upon the class and makes these systems more reliable.
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Concluding Remark on Classes and Objects in C++

The C++ programming language feature, class, provides the programmer with
abstract data types. This extends C++ beyond its nature as a structured program-
ming language. Finally, it is noteworthy that a program that appears thoroughly
conventional, such as the following hello world program and every other C++
program shown so far, incorporates classes, an object, and the invocation of a
member function implicitly.

#include <iostream.h>
void main()

{
}

Class specifications are given within header file iostream; cout is an object from
the ostream class; and each use of the insertion operator is a call to a member
function defined within the ostream class. However, neither this program, nor
others that use the facilities of header file iostream.b, are what most would
think of as object-oriented simply by virtue of output by way of cout.

cout << endl << "Hello world!" << endl;

4.2 Constructors and Destructors

Constructors are necessary for the creation of objects. Every time a class is in-
stantiated, that is, every time an object is created, a member function referred
to as a constructor, having the name of the class as its name, is invoked and
runs. This member function may be programmer-defined; if it is not, the de-
fault member function that is a constructor is automatically invoked. Consider
the creation of a Box object (assuming a Box class).

void main()
{
Box boxl; // The no-argument "Box constructor" runs
// to set-up boxl.

}

A special member function of the Box class, called Box( ) is invoked automat-
ically immediately after the memory management process has reserved space
for the object and recorded the binding between the memory location and its
box1 identifier. A constructor runs every time memory is allocated for an object.

void main()

{
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Box boxl; // The no-argument constructor, Box(), runs once.
Box bl, b2, b3; // Box() runs three times.
Box boxArray[10]; // Box() runs ten times.

Box* boxPtr; // No box constructor runs because no Box is being
// created; no memory is being allocated
// for a Box object because "an address of a Box" is
// not a Box.

boxPtr = new Box; // Box() runs once.

The procedure for creating an object is structured and dependable: a con-
structor is invoked by the complier. In the Box class throughout Section 4.1, a
constructor is provided implicitly by the compiler: it is a no-argument construc-
tor. A explicitly programmed no-argument constructor automatically replaces
the default function.

An explicit contructor enables the programmer of the class to include object
initializations or other preparations for the new object. The Queue class can
include a no-argument constructor that initializes the head and rear to NULL,
relieving the programmer of this responsibility and eliminating the errors that
result from oversights. If the designers of the class need to keep count of the
number of nodes on the queue, the constructor can perform the increment to
a count each time a node is created.

The destructor is the member function that performs activities associated
with dismantling an object immediately before the memory holding its data
members is deallocated. Each time an object is eliminated from the program,
whether it is a local variable automatically deleted at a function return or a
dynamically allocated object deallocated with the delete operator, the class
destructor is invoked. For classes in which no destructor has been explicitly
given, a default destructor is provided. The destructor enables the programmer
of the class to include processing associated with an object’s demise such as
decrementing a counter of objects in the system, returning storage the object
is associated with, or closing files. The Queue class might have a destructor
that deletes every node on the linked list. The memory manager (which runs
after the destructor) will automatically deallocate a Queue object’s bead and
rear of a Queue because they are data members defined in the object, but it
generally does nothing to any storage that has been acquired in the course of
processing with the operator new.
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Constructors

Like any member function, an explicit constructor is defined in full within the
class specifier or declared within the specifier and defined elsewhere. Like any
function, it can perform any executable actions. The fact that the role of a con-
structor is generally to initialize an object or to undertake the housekeeping
associated with its creation in no way limits its potential action. Like any func-
tion, it may be overloaded; in fact, very often it is. The no-argument constructor
is one version.

Constructors differ from ordinary member functions in minor ways. The
name of a constructor is always the same as the name of the class. No type spec-
ifier is given as the constructor’s return type. There is no return statement: the
function returns the instantiation of the class; this is understood and implicit.
Constructors may have a data member initialization list between the declara-
tor followed by a colon, and the opening brace of the body, to install initial
values within the data members of the object being created. These values may
be literals, the values copied from formal arguments in the constructor’s argu-
ment list, or values resulting from an expression. If any of the data members
are specified within the class to be constant, the list is the only way to initialize
them.

An Example with Constructors

class Box

{

public:

char symbol;

private:

int length;
int height;

public:

Here is the Box class, shown with two one-argument constructors, a
two-argument constructor, and a three-argument constructor.

Constructors are functions that have
the same name as the class and

no type specifier designating the
type of that which is returned
(which is an object of the class).

Box(int dimension) : length(2*dimension), height (dimension)

{
cout << "\nOne argument constructor, Box(int), is running...";
cout << "\n length initialized to " << length;
cout << "\n height initialized to " << height;
cout << "\n --> Please enter symbol for symbol: ";

cin >> symbol;
cout << "\n\nLook at the Box just created:" << endl;
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showBox () ;

}

Data member initializer list is composed of
items separated by commas. Each item is a
data member followed, in parentheses, by the
initializing expression.

f f

Box (char forSymbol) : symbol(forSymbol), length(20), height(4)

{
cout << "\nOne argument constructor, Box(char), is running...";
}
Box(int dim, char sym) : length(dim), height(dim), symbol (sym)
{
cout << "\nTwo argument constructor is running...";
}

Box (char forSymbol, int forLength, int forHeight)
symbol (forSymbol), height (forHeight), length(forLength)
{
cout << "\nThree argument constructor is running...";

}

void showBox () Constructors never have return statements.

{
// Details omitted.

}
void setSize()
{
// Details omitted.
}
};
void main()
{
Box boxl; // COMPILE-TIME ERROR: NO NO-ARGUMENT
// CONSTRUCTOR!
Box box2(6); // Uses one-arg constructor with the int
// signature.
Box box3('S'); // Uses one-arg constructor with the char

// signature.
Box box4(7,'#'); // Uses the two-argument constructor.
Box box5('*',3,4); // Uses the three-argument constructor.

Box* boxPtr; // No constructor invoked because no object
// defined.
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boxPtr = new Box('#',8,2); // Uses the three-argument constructor.

(*boxPtr) .showBox () ; // Shows the dynamically allocated Box
boxPtr -> showBox(); // action identical to the statement
// above.

Box boxArrayl[10]; // COMPILE-TIME ERROR: ATTEMPTS TO USE THE
// NO-ARGUMENT CONSTRUCTOR BUT THERE IS NONE.

Box boxArray2[4] = { Box(9), Box('A'), Box(5,'@'), Box('+',8,6) };
for (int 1 = 0; i<4; i++)
{

cout << endl << "showing boxArray2[" << i << "] below:" << endl;
boxArray2[i].showBox () ;
}

// The new operator cannot be used to allocate an array of Box
// objects or an array of any kind of class instantiations.

Because the Box class contains an explicit constructor (four of them), the no-
argument constructor that C++ provides is disabled. Inasmuch as there is no
no-argument constructor, any Box instantiation that depends upon it will cause
an error. This includes the attempted definition of box1 and the attempted cre-
ation of the array of Boxes, boxArrayl. Here is the code that can substitute for
the default no-argument constructor that C++ disabled.

// Code that exactly replicates the
Box () // the default no-argument constructor.
{
}

The constructor does nothing except create an object. Errors stemming from
the absence of a no-argument constructor disappear. Here is a constructor that
queries the user for values for length, beight, and symbol.

Box()
{
cout << endl << "Enter length for new Box: ";
cin >> length;

cout << endl << "Enter height for new Box: ";
cin >> height;

cout << endl << "Enter symbol for new Box: ";
cin >> symbol;
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Initialization and
Assignment

Box ()

{

}

An alternative approach is to use the existing setSize(') function that queries
the user for the same information and even performs some range checking
(and gets a value for symbol t00).

setSize(); // Same as this -> setSize(); and (*this).setSize().

Within a constructor, the new object, the one under construction, is *bis and,
hence, the implicit accessor. In the preceding code it is the object under
construction that is invoking setSize( ).

Another option for the no-argument constructor, is to put some values into
the data members. One way to do this is with assignment statements.

Box ()

{

J

length =
height
symbol o // Data member symbol is assigned the value ' '.

|
=

// Data member length is assigned the value 0.
// Data member height is assigned the value 0.

1
=)

Although assignment and initialization may seem to be the same operation,
with the nuance that an initialization is a first assignment, they are distinct
operations in C++. This becomes relevant when the object holds dynamically
allocated memory. For example, consider a Queue object, queueA, whose data
members bead and rear point to 100 dynamically allocated structs. Suppose
that queueB is a different Queue object whose head and rear point to a dif-
ferent list of structs. Finally, remember that the assignment operator performs
by making a member-by-member copy. The assignment

queueA = gueueB;

results in the effective inaccessibility of the 100 nodes that had been held by
queueA. This phenomenon is sometimes referred to as memory leak. Initial-
ization, on the other hand, need not be concerned about memory leak, or the
responsible disposition of resources because the new object holds nothing.

Moreover, constants are read-only variables that are not allowed to be on
the left-hand side of an assignment operator (or anywhere else where an up-
date is possible, such as within a function call in the position of an argument
passed by reference to a nonconstant, or in the position of an operand to re-
ceive input from cin). A value must be installed. The solution is to distinguish
the initialization, from all later assignments.

Constructors dissociate initialization from assignment by way of the initial-
izer list. The last no-argument constructor is rewritten with such a list because
its assignments are really initializations:

Box() : length(0), height(0), symbol(' ')
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A Better Example

{
}

Initializations may appear in any order on the initialization list; they do not have
to appear in the same order in which the data members are declared within
the class specifier. To remember whether it is the data member or the value
that appears within the parentheses, keep in mind that information travels from
right to left in an initialization, just as in an assignment.

The one-argument constructor with the (int) signature shows that an argu-
ment can be passed to a constructor, that the argument can be used within the
data member initializer list (and within arithmetic expressions within the initial-
izer list), and that some data members may be initialized even if all of them are
not. The presence of the one-argument constructor with the (char) signature
and the others demonstrates that constructors can be overloaded. Arguments
within constructors can be passed by reference or qualified as const.

Constructors do not have to be the first functions to appear within the class
specifier. Nor do they have to be fully defined within the specifier; instead
they may be declared with prototypes and defined outside. The initializer list
is not part of the declarator, therefore it does not appear within prototypes. It
accompanies the definition.

Here is a re-do of Box’s specifier that includes a no-argument constructor and
in which all constructors are defined outside of the specifier.

class Box

{

public:
char symbol;

private:
int length;
int height;

public:
Box () ; // Prototype; no-argument constructor.
Box(int dimension); // Prototype; one-argument constructor.
Box (char forSymbol) ; // Prototype; one-argument constructor.

Box(int dim, char sym); // Prototype; two-argument constructor.
Box (char forSymbol, int forLength, int forHeight);

void showBox()

{
// Details omitted.
}

void setSize()

{
// Details omitted.
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}
}:
scope formal
class resolution function's | |argument initialization
name operator name list list
/

Box::Box() : length(0), height(0), symbol(' ')
; |
}

Box::Box(int dimension) : length(2*dimension), height(dimension)

{

cout << "\nOne argument constructor, Box(int), is running...";
cout << "\n length initialized to " << length;

cout << "\n height initialized to " << height;

cout << "\n -~-> Please enter symbol for symbol: ";

cin >> symbol;
cout << "\n\nLook at the Box just created:" << endl;
showBox () ;

Box: :Box (char forSymbol) : symbol (forSymbol), length(20), height(4)

cout << "\nOne argument constructor, Box(char), is running...";

Box::Box(int dim, char sym) : length(dim), height(dim), symbol (sym)

cout << "\nTwo argument constructor is running...";

Box::Box(char forSymbol, int forLength, int forHeight)
symbol (forSymbol), height(forHeight), length(forLength)

cout << "\nThree argument constructor is running...";

Notice that each function definition outside the specifier is identical to the dec-
laration within the specifier except that the class name and the scope operator
are attached to the declarator at the left. The constructors’ prototypes within
the specifier do not need to show the names of the formal arguments. No pro-
totypes must, but these provide a good reminder about what information is
placed in each position. Had the declaration of the three-argument constructor
appeared without these names, as it could have,

Box(char, int, int);
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Declaring Objects in
Main()

there would not have been as much documentation about the respective
arguments.

Consider main( ).

void main()

{
Box boxl; // Uses the no-argument constructor.
Box box2(6); // Uses one-arg constructor with the int
// signature.
Box box3('S'); // Uses one-arg constructor with the char

// signature.
Box box4(7,'#'); // Uses the two-argument constructor.
Box box5('*',3,4); // Uses the three-argument constructor.

}

The no-argument constructor is accessed as shown for the definition of box1,
without an empty pair of parentheses. This is a syntax requirement. Parenthe-
ses are used with an object only when arguments are passed to a constructor;
the list of actual arguments appears to the right of the identifier for the new
object. Because constructors are functions, normal rules apply with respect to
the positional correspondence between actual and formal arguments, and with
respect to the implementation of that version of the function with a matching
signature.

The syntax is slightly different for dynamically allocated objects. Following
are two Box pointers to hold the addresses of two Boxes that will be declared
using the new operator.

Box *boxPtrA, *boxPtrB; // No constructor is used.

boxPtrA = new Box; // Uses the no-argument constructor.
boxPtrB = new Box('#',8,2}); // Uses the three-argument

// constructor.

Declaring a Box pointer does not cause memory to be allocated for a Box;
it causes memory to be allocated to a variable that can hold the addresses of
Boxes. Defining a Box pointer, therefore, does not invoke a Box constructor.
Getting the object itself, with new, is done as shown in the following: new is
followed by the class name, the no-argument constructor is invoked when no
pair of parentheses follows the class name or another constructor is invoked
with the argument list appearing within parentheses to the right of the class
name.
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int intArrayl[10]; // Uninitialized array; each element is an int.
Box boxArrayl[10]; // No-argument constructor runs 10 times because
// each element is a Box.

int intArray2(4]
Box boxArray2[4]

{ 111, 222, 333, 444 };
{ Box(9), Box('A'), Box(5,'@'), Box('+',8,6) };

i

Arrays of objects may be defined just as any array is defined without
initialization.

Because each element of a array Box is a Box, a constructor is run for each
one; a 10-element Box array is defined, and there are 10 constructor invoca-
tions. Because no arguments are indicated, the no-argument constructor is the
one used throughout. It is also possible to initialize an array of objects. Each
initializer is the class name followed by an argument list, within parentheses,
that matches a constructor.

It is important to note that a constructor is specified as public for it to be
accessible in main( ), in any function that is not a member of the class, or
externally. This implies that a particular constructor that expedites the internal
management of the class, but that should not be available to users at large,
may be specified to be private.

Just as variables of language-provided data typés may be created externally,
objects may be created outside of functions in order to confer nonlocal status.
When an object is defined externally, a constructor runs exactly as it does when
an object is defined within a function. This means that if one or more objects
are defined externally in the source code ahead of main( ) as shown in the
following, the program execution will start with the actions of the constructors.
Although processing usually starts with main( ) in C++, it does not always.

#include <iostream.h>
class Box
{
// Details omitted.
};
// Before main() begins, constructors run for both of
// these externally defined Boxes:
Box box1; // the no-argument constructor runs for boxl followed
Box box2('J'); - // by the one-argument constructor with the (char)
// signature for box2.
void main{()
{
// Details omitted.
}

The Copy Constuctor The C++ compiler invokes a function with a default specialized use, called a
copy constructor; it is automatically invoked when an object is passed by value
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to create an object. It is also invoked when an object is returned to create the
return object. Just as a default no-argument constructor is supplied when no
explicit constructor has been coded, a default copy constructor is likewise pro-
vided. The default copy constructor does a member-by-member copy of the
actual argument in the call.

The copy constructor assists in preparing a function to run and in terminat-
ing it. Consider the following free function, justForDiscussion( ). What it does
is not important (or known); what is important is the information transmission
through its interface. The function justForDiscussion( ) returns a Box and ac-
cepts four arguments: an in¢ passed by value, two Boxes passed by value, and
a Box passed by reference.

Box justForDiscussion(int 1, Box bl, Box b2, Box& b3)

{
// Details omitted. / /
}

| formal arguments

Here is a call.

actual arguments |

/7

boxZ = justForDiscussion( a+b, boxA, boxB, boxC).

Passing an argument by value means binding the name of the parameter to
a memory location and initializing it with the value of the actual argument. The
binding has the same status as that of an automatic variable with a scope local
to the function. Passing an argument by reference, denoted by the ampersand,
involves attaching the name of the formal argument to the same memory loca-
tion as the one bound to the actual argument. No new memory or initialization
is involved (but only variables, not literals or expressions, can be passed by
reference).

The first argument is an arithmetic expression, @+ b. In preparing to execute
the function, it is evaluated. Memory is allocated for i, the parameter is bound
to this location, and it is initialized with the value of @ + b. The operation is
like a definition and initialization that may be found within a function.

int i = a+b;
The second argument is a Box, passed by value. The operation here, like the

operation for the first argument, amounts to something like the definition and
initialization of a Box.

Box bl = boxA;
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Memory for a new Box is found and bound to b1, and b1 is initialized to
boxA. The argument’s initialization is not performed by the assignment opera-
tor; it is performed by the copy constructor. The object boxA is passed to the
copy constructor, and the copy constructor initializes and returns the Box that
becomes b1.

A reason for distinguishing between the copy constructor and the assign-
ment operator is that sometimes the two will perform different actions. This is
a critical issue for objects with data members that are pointers to data struc-
tures. For example, the assignment operator might make a member-by-member
copy of a Queue, so that the left operand contains the same physical list as the
right operand because its bead and rear hold identical addresses. The copy
constructor may be written so that the formal argument holds a logical copy
of the list, the same content but in an entirely independent location.

The advantage of separating the copy constructor from other constructors,
such as the constructor with signature (Box), is that its actions might differ from
these too; for example, it may not be appropriate for a counter of Box objects
to be incremented when a Box object is passed from one function to another.

All classes have a default copy constructor so that objects can be passed to
(and returned from) functions. It makes a member-by-member copy, just as
the default assignment operator does. The default copy constructor for the Box
class looks like this:

// Copy constructor that replicates the implicit default
// as it would appear if coded within the Box specifier.

Box(const Box& actualArgument)

{
length = actualArgument.length; // Assignment operator for ints.
height = actualArgument.height; // Assignment operator for ints.
symbol = actualArgument.symbol; // Assignment operator for chars.
}

What differentiates this function as the copy constructor is its formal argument
list: one object of the class is passed by reference. Although the actualArgu-
ment is a constant, this is not necessary. It is quite common, however, for two
reasons. It enables the copy constructor to work for both constant and noncon-
stant Box objects in the call; and it ensures that the transmitted object, though
it is being passed by reference, will not be modified.

The third argument in justForDiscussion( ) is another Box, passed by value.
Accordingly, the argument, boxB, is passed to the copy constructor and a Box
emerges to be bound to b2. The data members of the new Box are in their
own new memory locations, independent of the locations of the data members
of boxB, which gives them autonomy. Their values are copies of the values of
the respective boxB data members. Thus b2.length equals boxB.length when
JustForDiscussion( ) starts, but a change in b2./length will have no effect on the
value held by boxB.length.
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The third argument, 63, is passed by reference. This means that it will be an
alias for the argument, boxC. Because b3 is boxC (i.e., they reference the same
part of memory), no new object is created and the copy constructor is not ac-
tivated. The observation that the copy constructor is activated only if an object
is passed by value suggests why its own formal argument has to be passed by
reference: in order to avoid the infinite recursive regress that would result if it
had to invoke itself in order to begin.

Finally, justForDiscussion( ) concludes with the return of a Box.

return someBox; // One plausible "return" -- passing back
// a Box defined within the function.
or
return boxA; // Another plausible return -- passing back
// a selected or refashioned argument Box ;
or

return Box('B', 5, 3); // Another plausible return -- passing
// back a Box defined at the point of
// return.

or

return *boxPtr; // Yet another plausible return -- passing back

// a Box obtained by dereferencing a pointer to a
// BOX.

Some actual Box object is presented for return, and it is the copy constructor
that mediates its transmission back to the point at which justForDiscussion( )
was invoked. The Box to be returned is passed to the copy constructor, and
the copy constructor returns a new Box whose members are bitwise copies.
What is done with it depends upon context.

// Here, the returned Box 1s assigned to a preexisting Box.
answerBx = justForDiscussion(n, bxFactorl, bxFactor2, bxFactor3);
// Here, the returned Box invokes a member function of its own.
justForDiscussion(2, sguarel, square2, rectangle3).showBox();

// Here, the returned Box 1s displayed via the output operator.
//

// Section 4.3 will show how to enable
// the output operator, <<, to handle Boxes.
//

cout << justForDiscussion(5, boxl, box2, box3);

Other possibilities include its appearance within an expression or as an argu-
ment within a function call. In all cases, the Box to which the call resolves is
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Destructors

a copy of the Box that appeared within the return statement and was created
by the copy constructor.

Power comes from writing an explicit copy constructor. Just because it is
a copy constructor does not mean it can only create copies. It can perform
range-checking for one or more data members, or test for and trap special in-
formation. The ability to write a copy constructor gives the ability to filter. To
disallow objects to be passed by value, the copy constructor can be private.
Forcing users to pass objects by reference might be helpful when the objects
are extremely large or when errors would result if changes to data members
within formal arguments (e.g., pointers to data structures) are not also made
within the actual arguments.

The discussion about destructors is shorter than the discussion about construc-
tors. A class can have only one destructor, and it is a no-argument member
function that returns nothing. If no destructor is explicitly coded, the compiler
provides a default that looks like the following:

// Functional equivalent of the destructor automatically provided
// by C++ for the Box class.

~Box () The declarator of a destructor is the tilde (~)
{ followed by the class name, followed by an empty
} pair of parentheses (no arguments are allowed).

An explicitly programmed destructor automatically replaces the default sup-
plied by C++. No matter what the new destructor does it has the same declarator
as the one previously shown. Like the declarator of a constructor, it shows no
return type. The destructor name, like that of a constructor, is class name; how-
ever, it is preceded by a tilde. It is the tilde that enables both the human reader
and the compiler to differentiate the destructor from a no-argument constructor.

The destructor provides the means to perform any kind of housekeeping or
system clean-up that might accompany the demise of an object. Often this is
the deletion of dynamically allocated memory acquired by the object for its
own use (but not information in dynamic storage that existing objects will con-
tinue to need). In a graphic application, the destructor might take an object off
the display screen. Although a destructor does not have an argument or a re-
turn type, there are no restrictions upon the actions that may be coded within
it. The data and function members of the invoking object (i.e., the one to be
destroyed) remain fully accessible throughout the duration of the destructor’s
execution. When the destructor ends, the language system’s memory manager
frees the object.

All objects that are automatically allocated are automatically destroyed. For
those objects that are automatic variables within a function, destruction takes
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An Example with a
Destructor

~Box ()
{

place immediately following the end of the function on a last-constructed, first-
destroyed basis. If the final action of main() were to display the message “Run
Successfully Completed” and the destructor were written to display the Box
being removed from the system, as shown in the following, visible evidence
would reveal that the destructor’s processing is undertaken.

// The object being destructed is the *this, and

showBox(); // therefore the implicit accessor of member functions

// and data.

Included among the automatic variables automatically destructed when a
function ends are any objects that had been parameters in the declarator.

The programmer has no discretion over when an automatic object is de-
stroyed. All automatic variables are part of the local referencing environment
and are destroyed when the local referencing environment is dismantled. Dy-
namically allocated objects, that is, objects obtained by using the new operator,
are different. They are not part of the local referencing environment and are
not removed automatically when the function ends. They persist until they
are explicitly destroyed with the application of the delete operator. This means
that the programmer can invoke the destructor to deallocate an object acquired
with new at any time. However, it also means that if the programmer does not
expressly delete such an object, the object will continue to exist and to occupy
space in memory until the program ends.

The following program illustrates how the destructor is called to delete dy-
namically allocated Boxes. It also shows exactly when a constructor and the
destructor operate upon the respective objects. To allow individual Boxes to
be tracked, the symbol within each is a unique identification number.

#include <iostream.h>

class Box

{

public:

char symbol;

private:

int length;
int height;

public:
// Copy constructor.
Box (const Box& b)

{

length
height

b.length;
b.height;
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symbol = b.symbol;

cout<<"copy constructor new Box has symbol "<<symbol<<endl;

}
// No-argument constructor.
Box ()
{
cout << "no-argument constructor" << endl;
}

// A one-argument constructor.
Box (char forSymbol) : length(10), height(2), symbol (forSymbol)
{
cout << "onearg (char) constructor new Box has symbol "
<< symbol << endl;
}

// Destructor.
~Box ()
{
cout << "destructor decommissioned Box has symbol "
<< symbol << endl;

}
};
Box* get_and_return_a_dynamically_allocated _Box()

{
Box box('6'); // an "automatic" Box
Box* boxPtr;
boxPtr = new Box('7'); // A dynamically allocated Box 1is created
delete boxPtr; // ...and deleted.
boxPtr = new Box('7'); // A dynamically allocated Box is created
return boxPtr; // ...and a pointer to it is returned.

}

Box exercising the_copy_constructor (Box argumentl, Box argument2)

cout << "*** exercising the copy_constructor is running ***"

<< endl;
cout << " argumentl is Box " << argumentl.symbol;
cout << " argument2 is Box " << argument2.symbol << endl;

return Box('8'); // The one-argument constructor creates this Box
} // and the copy constructor makes the copy that
// appears at the function's point of call.

void main{()

{
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Box* boxPtr; // Box pointer defined no constructor is called.

// A Box 1is dynamically allocated:

boxPtr = new Box('1'); // It 1s recognizable because its symbol is
// "1,

delete boxPtr; // The destructor is invoked for this Box.

boxPtr = new Box('2'); // This box will need to be deleted - the
// destructor will never handle it.

Box box3('3'); // Here box3 is an automatic variable.
Box box4('4'); // Here box4 is an automatic variable.

boxPtr = new Box('5'); // The pointer to box2 is now lost.
Box box6('6');
Box* anotherBoxPtr;

anotherBoxPtr = get_and return_a_dynamically allocated Box();
delete anotherBoxPtr;

Box returnedBox; // The no-argument constructor creates this Box.
returnedBox = exercising the_copy_constructor (box3, *boxPtr);

cout << "from main(): symbol of the returnedBox is "
<< returnedBox.symbol;

cout << "\n Run Successfully Completed" << endl;

Here is the output:

onearg (char) constructor new Box has symbol 1
destructor decommissioned Box has symbol 1
onearg (char) constructor new Box has symbol
onearg (char) constructor new Box has symbol
onearg (char) constructor new Box has symbol
onearg (char) constructor new Box has symbol
onearg (char) constructor new Box has symbol
onearg (char) constructor new Box has symbol
destructor decommissioned Box has symbol 7
onearg (char) constructor new Box has symbol
destructor decommissioned Box has symbol 6
destructor decommissioned Box has symbol 7
noargument constructor

copy constructor new Box has symbol 5

Oyl Wi

~
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copy constructor new Box has symbol 3
*** oxercising the copy_constructor is running ***
argumentl is Box 3 argument? is Box 5
onearg (char) constructor new Box has symbol 8
destructor decommissioned Box has symbol 5
destructor decommissioned Box has symbol 3
destructor decommissioned Box has symbol 8
from main(): symbol of the returnedBox is 8
Run Successfully Completed
destructor decommissioned Box has symbol 8
destructor decommissioned Box has symbol 6
destructor decommissioned Box has symbol 4
destructor decommissioned Box has symbol 3

Static Data and Functions

The data members of the Box class are length, beight, and symbol. Each Box
object will have a length variable, a beight variable, and a symbol variable.
The memory bound to bigBox’s symbol variable accessible as bigBox.symbol
is entirely separate from the memory bound to smallBox's symbol variable
accessible as smallBox.symbol and every other Box’s symbol variable as well.

A static data member is a data member belonging not to any one object but
to all the objects in a class. The binding between its name and its storage is
established and its initialization is performed prior to main( ) and before the
first object is created. In fact, its definition and initialization take place apart
from the action of a constructor. The static data member endures while specific
objects come and go, and even if the number of objects drops to zero. Any
object may access a static data member, however, all objects are accessing the
same, shared variable that exists apart from any individual object. If a static
data member is private, then it is directly accessible only within the member
functions of the class; if public, then it is accessible within all functions where
the class’s objects may occur.

Static data members are used to keep track of information pertinent to the
class as a whole. One property of the class as a whole is the total number of
objects that have been so far created, and a static data member can be used as
a counter to keep a running total. This might further be used to insert 2 unique
identification number into each new object. Another aggregate property is the
current number of objects. A static data member can serve as a counter that is
incremented by the constructor and decremented by the destructor. Other per-
tinent information for objects of a class might be the date or selected settings
for the software.

A static function member is a member function that does not require one
of the class’s objects as an accessor. Static data members may be private. In
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Implementation of Static
Data

that case public get and set member functions must be available to make them
accessible within the program at large. But because static data members relate
to attributes that transcend a particular object, they must be accessible in a
broader context.

The intent of a static function member is to enable processing that involves
static data members without the need for an accessing object. There is no use

of the member access operator (the dot) and reference to this (which includes
*this).

A static data member is declared within the class specifier exactly as any
data member, except that its type specifier is preceded by the keyword static.
Beyond the class specifier, ahead of main( ) and outside any function G.e.,
externally), it must be defined. This is done by giving its data type specifier
followed by its full name, which means that the class scope operator syntax
must be used: its identifier prefixed by the class’ name followed by the scope
resolution operator (the double colon). All static data members must be de-
fined in this manner, whether public or private. If the static data member is to
be initialized, it is done at its point of definition in the same way that variables
that are not data members are initialized (with the assignment operator). Even
if an object is defined externally in the source code ahead of the definition of a
static data member, the definition (and initialization, if indicated) of the static
data member is performed first. Within the class’s member functions, static data
members are accessed by their identifier standing alone, just as a data member
belonging to the accessing object. If a static data member is public, it may be
accessed in main() or in any other function in which the class is in scope by
using the class name, the scope resolution operator, and its name.
Consider the following example.

#include <iostream.h>

class Demo

{

public:
static int counter;

private:
static char string(11];

public:
Demo ()
{
counter++;
cout <<"\nFrom constructor:

}

// Constructor.

};

" << string <<

counter;
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Implementation of a Static

Function

Demo objectl;

// Object defined externally, ahead of
// static data member definitions and initializations.

// Static data member definitions and initializations.
int Demo::counter = 0;
char Demo::string[l11] = "counter = ";

void main()

[

cout
cout

Demo
Demo

cout

cout
cout <<
cout <<

}

Demo: :counter is accessible
in main() because it is
public.

<< endl << "*** main() is beginning **:ii///////,

<< "\n from main() > Demo::counter = " << Demo::counter;
object2;
object3; Objects may access

static data members.

<< endl << endl; /

<<

"

"

"

" << objectl.counter;
" << object2.counter;
" << object3.counter << endl;

Here is the output.

From constructor: counter =1
*** main() is beginning ***
from main() > Demo::counter = 1
From constructor: counter = 2
From constructor: counter = 3
3 3 3

A static function member is defined within the class specifier just as any mem-
ber function, except that the keyword static is put to the left of its return type.
Static member functions may be public or private. When a prototype is within
the class specifier, the static specifier accompanies the prototype but does not
accompany the declarator of the subsequent definition. Static function mem-
bers may be invoked within member functions by using their name with an
appropriate argument list. If public, they may be invoked outside member func-
tions by prefixing their name and argument list with the class name and the
scope resolution operator.

The following program stamps each Box with an identification number and
keeps count of the number of Boxes within the program. There are two static
functions, one to report the total number of Boxes thus far created which is
the current value of the private static data member serialNumber and one to
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return the number of Boxes that are currently on hand which is the value of
the private static variable numberOfBoxes.

#include <iostream.h>

class Box
{
public:
char symbol;

private:
int length;
int height;
int identificationNumber;

static int serialNumber; // Stores last serial number assigned.
static int numberOfBoxes; // Number of Boxes currently in the system.

public:
Box() : length(10), height(2), symbol('X') // Constructor.
{
identificationNumber = ++serialNumber;
++numberOfBoxes;
}
~Box () // Destructor.
{

cout << "\nBox number " << identificationNumber
<< " is being destructed "
cout << numberOfBoxes << " Boxes left in the system";

}

static void boxesCreated() // Static member function.

{

cout << "\nTotal number of Boxes so far created =
<< serialNumber;

”

}
static int boxesInTheSystem(); // Prototype of static member function.
}:

// Defining the static member function that had only been declared within
// the specifier; note the use of the class name and scope resolution operator.

int Box::boxesInTheSystem()
{

return numberOfBoxes;

}
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// Defining and initializing the static data members; note the use of the
// class name and the scope resolution operator.
int Box::serialNumber = 0;
int Box::numberOfBoxes = 0;
void main()
{
// Get a Box pointer and a dynamically allocated array of 5 Boxes.
Box* boxPtr;
boxPtr = new Box[5];
// Get a report on the number of Boxes created and in the system.
Box: :boxesCreated() ;
cout << "\nCurrent number of boxes in the system: "
<< Box::boxesInTheSystem();
// Delete all the Boxes in the array pointed to by boxPtr.
// *** Remember to use the empty brackets when deleting any array ***
// *** that was dynamically allocated (i.e., allocated with new) ***
delete [] boxPtr;
// Get a static array of Boxes.
Box boxArray(3];
// Get a report on the number of Boxes created and in the system.
Box: :boxesCreated();
cout << "\nCurrent number of boxes in the system: "
<< Box::boxesInTheSystem();
// Program ends; destructor runs afterwards for compile-time array.
cout << "\n **Run Successfully Completed** " << endl;
}
Here is the output:
Total number of Boxes so far created = 5
Current number of boxes in the system: 5
Box number 5 is being destructed 4 Boxes left in the system
Box number 4 is being destructed 3 Boxes left in the system
Box number 3 is being destructed 2 Boxes left in the system
Box number 2 is being destructed 1l Boxes left in the system
Box number 1 is being destructed 0 Boxes left in the system
Total number of Boxes so far created = 8
Current number of boxes in the system: 3
**Run Successfully Completed**
Box number 8 is being destructed 2 Boxes left in the system
Box number 7 is being destructed 1 Boxes left in the system
Box number 6 is being destructed 0 Boxes left in the system
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Static Variables in Free

Functions

Within a free function, a static variable is a local variable used to retain in-
formation from one invocation of the function to the next. Static variables are
defined like automatic variable but differentiated from automatic variables with
the keyword static to the left of the data type specifier. Static variables may be
initialized at their point of definition within the function. If there is no explicit
initialization they are automatically set to zero. Initialization is performed only
once, with the first function call. Upon the second and subsequent calls the
inital assignment is ignored.

It should be noted that a static variable does its job even in a recursive func-
tion call. (This is a function that uses itself either directly or indirectly.) A static
variable occupies a fixed memory location that remains throughout the pro-
gram. A recursive call begins with whatever value the static variable currently
holds. If its value is changed, the changed value remains in place following
the return. Although a static variable is only accessible within the function in
which it is defined, it is accessible across all activations of the function.

The classic illustration of static variables is the counter and the accumulator
in a function designed to report a running average.

float runningAverage (float nextValue) // Free function.

{

static float total
static int count

0; // Running accumulator.
0; // Running total of values entered.

count++; // Count incremented when runningAverage 1is

// invoked to entered the nextValue.

total += nextValue; // Here nextValue is added to running accum.

return total/count; // Return the average as of now.

}

The preorder traversal of a binary tree may increment a static variable with
each call for a node at a greater depth for the purpose of finding the height of
the tree.

int preorder (node* root, int level); // Prototype.

int depthOfTree (node* root)

{

}

int depth;

if (root == NULL) depth = -1; // No tree; depth of 0 means a sole root.
else depth = preorder(root, 0);

return depth;

int preorder (node* root, int level)

{
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static int maxDepth = 0;

if (root !=

{

NULL)

if (level > maxDepth) maxDepth = level;
preorder (root->left, level+l);
preorder (root->right, level+l);

}

return maxDepth;

}

Constant Objects

void main()

{

An object may be defined to be a const (a constant), just as an int or a float
may be.

const float PI = 3.14159; // PI is defined as a constant. Identifiers

const Box

// for constants are in upper case by
// convention.

B1('1',1, 1); // Bl, specified to be a constant, is
// initialized by the 3-argument constructor.

A constant object, like a constant float, is initialized at its point of definition.
Thereafter, any attempt to modify its data members will fail; this applies to the
modification of its public data members within nonmember functions as well
as to assignments or inputs to public or private data members within member
functions. This means that constructors can assign or input into the data mem-
bers of a constant object. The values of the data members of a constant object
do not become immutable until after the object emerges from the constructor.
In this regard the data members of an object defined as constant are differ-
ent from data members defined within the class specifier to be constant for all
objects of the class; these can be initialized only in a constructor’s initializer list.

There are three ways for a constant object to arrive in a member function.
A constant object may be defined within one of the member functions. Once
defined, it is immutable just as if it had been defined within a free function or
a member function of another class. Or, a constant object may be an actual ar-
gument passed to a formal argument. If the constant is to arrive by means of a
pass by reference, then the function’s declarator specifies the formal argument
to be const. This is shown in function1():

void Box::functionl (const Box& boxArgument)

{
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function2( boxArgument ); // Error -- Attempt to pass a const
// by reference to a nonconstant.

boxArgument. function3(); // Okay only if there is a const
} // version of function3().

void Box::function2(Box& b)

{
// Details omitted.
}
void Box::function3() const // Const version -- for accessor
{ // objects that are constants (but
// usable by nonconstant accessor
// Details omitted. // objects should the mutable version
// not be available.
}
void Box::function3() // Regular version for nonconstant
// objects.
{
// Details omitted.
}

In this example the const specifier ensures that boxArgument will not be
altered. The compiler prohibits attempts to pass boxArgument, which is a con-
stant, to another function with transmission by reference to a formal argument
that is not a constant. The call to function2( ) will fail because boxArgument
is a constant and b is not. Had b been passed by value, as shown in the fol-
lowing, then the call to function2( ) from function1( ) would be acceptable:
although b’s data members would not be shielded from change, the changes
would only be in the copy of the argument made by the copy constructor and
for the duration of function2( ).

void Box::function2(Box b) // A constant can be passed to b because

{ // although changes to its data members are
// Details omitted. // permitted for the processing here, the
} // actual argument will be unaffected.

A formal argument passed by value can be made immutable, even to changes
in the copy, by specifying it to be constant.

void Box::function2(const Box b) // Because b is specified to be a
// constant, actions may not be taken

{ // within this function that could result
// Details omitted. // in changes to the values held by its
} // data members.
Constant Member The third way for a constant object to find its way into a member function is

Functions to be its accessor. A constant object cannot access just any member function;
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it may only access a function specified as const. A constant function is a mem-
ber function that, by definition, will not change the invoking object, and will
disallow action that might result in a change to the value of any of its data
members. Besides explicit assignment and input, one such action would be
the accessing object’s attempt to access a nonconstant member function.

The syntax of specifying a function to be constant is demonstrated in
showBox( ).

class Box
{
public:
char symbol;

private:
int length;
int height;

public:
Box() : length(15), height(5), symbol('#') // Constructor.

{

}

void showBox() const // Constant function.
{
cout << "\nFrom the constant showBox() function" << endl;
// Details omitted.

}
void showBox() // Nonconstant version of showBox().
{
cout << "\nFrom the nonconstant version of showBox()" << endl;
}

If the const function is defined outside the specifier, its declarator both within
the specifier and outside it must include the constant designation.

#include <iostream.h>

class Box
{
public:
char symbol;

private:
int length;
int height;

public:
Box(); // Prototype for constructor (initializer list does not
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// appear) .
void showBox() const; // Prototype for const version of showBox().
void showBox(); // Prototype for nonconst version of
// showBox().
}:
Box::Box() : length(15), height(5), symbol('#') // Constructor.
{
}
void Box::showBox() const // Constant function.
{
cout << "\nFrom the constant showBox() function" << endl;
// Details omitted.
}
void Box::showBox() // Nonconstant version of showBox().
{
cout << "\nFrom the nonconstant version of showBox()" << endl;
}
void main()
{
Box bl;

bl.showBox(); // Invokes the nonconstant version because bl is not a
// constant.

const Box B2;
B2.showBox(); // Invokes the constant version because b2 is a constant.

Although both versions of showBox( ) have the same signatures (no argu-
ments), they are different, and there is no ambiguity, because one is const and
the other is not. Rules for overloading member functions allow for constant and
nonconstant variants with the same name and signature. When both variants
are present, constant Boxes automatically access the const version and non-
constant Boxes access the nonconstant version. When there is no nonconstant
version, nonconstant Boxes are given access to the constant version. How-
ever, constant versions of all functions to be used by constant objects must be
provided because constant objects may not access nonconstant functions.
Here is a summary of the rules applying to constant member functions.

e A const member function cannot modify the accessing object’s data
members.

e A const member function cannot call nonconst member functions.

* Although const objects cannot access nonconst member functions, nonconst
objects can access const functions.
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Constant Objects in Free
Functions

e There are no special restrictions on a const function’s return type or
arguments.

¢ The const declaration (i.e., the keyword) is not used with constructors or the
destructor (they are allowed to assign to the data members of const objects).

¢ In declaring and defining const functions, the keyword const must be used
in all references to the function, in the prototype (if there is one) and in the
declarator that accompanies the function body.

* A const member function can be overloaded with a nonconst member func-
tion having the same signature so that the same call will perform different
actions for const and nonconst objects.

* A const object’s static data members can be modified (because these are
actually variables shared by all the objects of the class).

¢ Although the values of the pointer data members belonging to a const object
cannot be modified what is pointed to can be.

Constant objects may be defined within or passed to any free function for which
the class is in scope. The same kinds of restrictions governing their use apply:
public data members, although accessible for reading, may not be changed,;
only const member functions may be accessed; and argument passing by ref-
erence is to a formal argument specified as const. If the constant object is
passed by reference the formal argument must have a const specifier.

4.3 Manipulating Abstractions: Friends and Operator
Overloading

Introduction

Once there are classes and objects, their power as abstractions is greatly en-
hanced if they can be manipulated in the same way as atomic data types.
Friend functions and operator overloading make this possible. The dichotomy
between the public and private accessibility status is strong. If a function, func-
tionX( ), needs to access private function members within two or more classes
as well as private data members for which no get or set facilities are pro-
vided, respecifying as public is possible but may be not desirable. Making
JSunctionX( ) a member of each class might seem a better idea, but it is not
technically possible. Inside class ClassOne it is really ClassOne: functionX( ).
Inside class ClassTwo it is really ClassTwo: functionX( ). These are two differ-
ent functions, not one. But there is a way. A function from ClassTwo or a free
function can be declared to be a friend by ClassOne; this gives the friend the
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same access to ClassOne’s private members that its native member functions
have.

Put in more general terms, within the class specifier particular free func-
tions, functions that are members of other classes, or other whole classes can
be allowed to access the private members of a class. This special entitlement
is conferred through a citation of the nonmember function or the other class
as a friend. Friend functions are a way to manipulate different kinds of objects
in similar ways.

Consider a different need. In the arithmetic expression a + b, there is one
operator, the plus, and two operands, the a and the b. The operands might be
integers, floats, or even characters. But can they be Box objects, or could one
be a Box and the other either of a language-provided data type (e.g., an int)
or an object of a different class? This is possible through operator overloading.
One of the unique features of C++ is that it allows almost all the language’s
operators to assume meaning for user-defined objects. This is what is meant
by operator overloading, and it is used by viewing an operator as a function.
The name of the + function is operator+( ). Here operator is the keyword des-
ignating that the function pertains to the action of an operator. The signature
of a free function or a member function determines which of the versions is
referenced; that is the case for operator. The data type of the accessing object
or of its arguments decides which operator function is used.

An operator function having one operand from one class, say, ClassOne, and
a second operand from a different class, say, ClassTwo, may require access to
the private data or function members of both. If provided as a member func-
tion of ClassOne, it may be declared as a friend within ClassTwo. If provided
as a member function of ClassTwo, it may be declared as a friend within Clas-
sOne. If provided as a free function, it may be declared as a friend within both
ClassOne and ClassTwo. Although these choices each imply somewhat differ-
ent properties of the operator’s action, each enables the operator function to
access the private sectors of both classes. For example, overloading the inserter
(the output operator, <<) so that a statement such as the following works with
Box obijects,

cout << "poxl: " << boxl << endl; // Box object displayed with <<

requires friendship.

Although most operators (e.g., the arithmetic operators and the relational
operators) have no meaning for user-defined objects until their interpretation
is given by an explicit operator function, certain ones do. Among these are
the sizeof operator, the address of operator &, the indirection operator *, the
subscript operator, [ |, for accessing elements of arrays, new and delete, and
the assignment operator =,

The assignment operator requires special consideration for the following rea-
sons. One is that its default action, that of making a bitwise (or shallow) copy
of the operand on the right into the operand on the left, may not be appropri-
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ate for objects that contain pointers to data. A bitwise copy results in the left
operand’s pointers holding the same addresses as the right operand’s pointers,
therefore referencing the identical structures and creating a dependency. A dif-
ferent kind of copy is a conceptual (or deep) copy. The object on the left gets a
pointer to newly allocated memory into which has been copied the information
from the right object. When the proper action for the assignment operator is a
conceptual copy, an operator=() function must be provided giving instructions
for everything that is to be done. The explicit function overrides the default.

The second reason the assignment operator requires special consideration
is because of its action on different classes of objects and datatypes. When as-
signment is used between two types, it implicitly contributes a data conversion
function. Data conversion is entirely different from making either a bitwise or
a conceptual copy of one item into another item of the same type. The coded
function must do the conversion as required. The mechanisms for data con-
version, and their properties, are considered in this section as these relate to
operator overloading.

Friend Function and Friend Classes

To illustrate the ideas and syntax of friendship, consider these three classes,
each of which are identical except for their names and the name of their data
member:

class A class B class C
{ { {
private: private: private:
int a; int b; int c;
public: public: public:
A(int x): a(x) B(int x): b(x) C(int x): c(x)
{ { {
} } }
int getIt() int getIt() int getIt()
{ { {
return a; return b; return c;
} } }
private: private: private:
void doubleIt() void doubleIt() void doubleIt()
{ { {
a *= 2; b *= 2; c *= 2;
} } }
}: }: };

Suppose that a free function is needed that squares the data members of an
A object, a B object, and a C object each of which is passed by reference.

void squareThem(A& aObject, B& bObject, C& cObject)
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{
aObject.a = aObject.a * aObject.a;
bObject.b = bObject.b * bObject.b;
cObject.c = cObject.c * cObject.c;
}

Notice that this is a perfectly ordinary function and if these data members were
public instead of private it would work uneventfully. However, being private
the data members are not accessible within nonmember functions.

If class A confers friendship to squareThem( ), class A’s private data
and private functions will be accessible. This will not make it possible for
squareThem( ) to access the private data and functions of other classes, no-
tably B’s and C’s. But it is possible for a function to be a friend of multiple
classes, and both class B and class C may confer friendship. All that needs to
be done is to include the prototype of the function to be befriended within
the specifier of the classes. To stipulate that the befrienaed function is a friend
and not a member, the keyword friend is placed to the left of the prototype,
before the return type specifier. Unlike a member function, a friend is not (and
cannot be) accessed by an object of the befriending class. There is no notation
within the definition of the befriended function to reflect that friendship was
conferred. In other words, there is no change in squareThem( ). The friend
specifier only accompanies the declarator within the class or classes that are
actually making it a friend. Because the friends of a class are not members
of a class, it makes no difference whether their declaration has a public or a
private specifier because this qualification does not apply to them. By conven-
tion, declarations of friendship are usually at the top of the class specifier. Here
is a program that shows these ideas.

#include <iostream.h>

Class declarations, so that the references to class B and to class C
along squareThem()'s argument list are not unknown commodities within
the declaration inside class A, and so that the reference to class C
within squareThem()'s prototype is accepted inside class B.

class B; _
class C;

class A

{
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friend void squareThem(A& aObject, B& bObject, C& cObject);

. b |
te:
Pine a | H

Both class B and class C have yet to
public: be defined; this is why their
A(int x): a(x) // Constructor. |declarations above are necessary.
{
}
int getIt()
{
return a;
}
private:
void doubleIt()
{
a *= 2;
} Class C is not yet defined, but this
}: is okay because it has been declared.
class B
{
friend void squareThem(A& aObject, B& bObject, C& cObject);
private:
int b;
public:
B(int x): b(x) // Constructor.
{
}
int getIt()
{
return b;
}
private:
void doubleIt()
{
b *= 2;
}
}:
class C
{

friend void squareThem(A& aObject, B& bObject, C& cObject);
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private:
int c¢;

// Details omitted.

};
void squareThem(A& aObject, B& bObject, C& cObject)
{
aObject.a = aObject.a * aObject.a;
bObject.b = bObject.b * bObject.b;
cObject.c = cObject.c * cObject.c;
}

void main()
{
A a_object(5);
B b _object(6);
C c_object(7);

squareThem( a_object, b_object, c_object );

cout << "\nThe a_object was 5, now it is " << a_object.getIt();
cout << "\nThe b_object was 6, now it is " << b _object.getIt();
cout << “\nThe c_object was 7, now it is " << c_object.getIt();
cout << endl;

Suppose that class A is enhanced with a member function that defines objects
from the other two classes and needs to double them.

// The New Member Function to be Installed in Class A
// *This, the accessing object, is an A object whose data member is an int
// named a.

void doubling(int numberOfMultiples)
{
B b_object( a*a ); // Get a B object initialized to a squared.
C c_object(a*a*a); // Get a C object initialized to a cubed.

for (int i = 1; i < numberOfMultiples; i++)
{
doubleIt(); // Doubles the data member of the accessing class A
// object.
b_object.doubleIt(}); // B::doubleIt() is private.
c_object.doublert(); // C::doubleIt() is private.
}

cout << "\n a = " << a;
cout << "\n b_object.b = " << b_object.b; // The b_object.b is a private
// data member.
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cout << "\n c_object.getIt() = " << c_object.getIt();

cout << "\n total = " << a + b_object.b + c_object.getIt() << endl;

}

This might make a perfectly good member function in class A, provided that
classes B and C were within scope (which they are because of their forward
declarations), except that it attempts to access private members of classes:
B::doubleli( ), C::doublelt( ), and b_object.b. The private specifier means that
their accessibility is confined to member or friend functions of their own classes.
Friendship can be conferred to member functions of different classes just as
it can be to free functions. Thus if A::doubling( ) is declared by class B and
class C to be a friend, it will be able to access both classes’ data and function
members. This is true whether A::doubling( ) is public or private.

The only difference in specifying a member function of another class to be
a friend is that the member function’s full name is needed; that is, the name
of its class followed by the scope operator must be attached to the left of the
function name. This is how class B grants friendship to class A’s doubling( )
function.
class B

{
friend void A::doubling(int numberOfMultiples);
friend void squareThem(A& aObject, B& bObject, C& cObject);

private:
int b;
}:

Class C must do the same. Nothing needs to be done to the doubling() function
itself. Here is the whole program and the output.

#include <iostream.h>

class B;
class C;

class A

{

friend void squareThem (A& aObject, B& bObject, C& cObject);

private:
int a;

public:

A(int x): a(x) // Constructor.

{
}
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int getIt()
{
return a;

}

void doubling(int numberOfMultiples)
{
B b_object( a*a ); // Get a B object initialized to a squared.
C c_object(a*a*a); // Get a C object initialized to a cubed.

for (int i = 1; i < numberOfMultiples; I++)
{
doubleIt(); // Doubles the data member of the accessing class A
// object.
b_object.doubleIt(); // B::doubleIt() is private.
c_object.doubleIt(); // C::doubleIt() is private.

}
cout << "\n a = " << a;
cout << "\n b _object.b = " << b_object.b; // The b_object.b is
// private.
cout << "\n c_object.getIt() = " << c_object.getIt();
cout << "\n total = " << a + b_object.b + c_object.getIt() << endl;
}
private:
void doubleIt()
{
a *= 2;
}
};
class B
{

friend void A::doubling(int numberOfMultiples);
friend void squareThem(A& aObject, B& bObject, C& cObject);

private:
int b;

public:
B(int x): b(x) // Constructor.
{
}

int getIt()
{

return b;

}
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private:
void doubleIt()
{
b * = 2[.
}
}:
class C
{
friend void squareThem(A&, B&, C&); // Notice: names of formal arguments
friend void A::doubling(int); // do not have to appear.
private:
int c;
// Details omitted -- they're the same as in the other two classes.
}I‘
void squareThem(A& aObject, B& bObject, C& cObject)
{
aObject.a = aObject.a * aObject.a;
bObject.b = bObject.b * bObject.b;
cObject.c = cObject.c * cObject.c;
}

void main()
{
A a_object(5);
B b _object(6);
C c_object(7);

squareThem( a_object, b_object, c_object

cout << "\nThe a_object was 5,
cout << "\nThe b_object was 6,
cout << "\nThe c_object was 7,
cout << endl;

A another_a(3);
another_a.doubling(1l);

//
//
/7

Here is the output.

now it is
now it is
now it 1is

)I‘

" << a_object.getIt();
" << b_object.getIt();
" << c_object.getIt();

Defining another instantiation of class A
another _a invokes its member function
doubling() .

The a_object was 5, now it is 25
The b_object was 6, now it is 36
The c_object was 7, now it is 49
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a=3

b_object.b = 9
c_object.getIt() = 27
total = 39

Suppose that class A had more than one member function that accessed
private data or function members of class B. Friendship to each of them indi-
vidually can be conferred by class B. An alternative approach is to befriend all
of class A’s member functions with one specification, by declaring class A itself
to be a friend.

class B
{

friend class A; // This confers friendship to each and every function
// that is a member of class A.

friend void sguareThem(A& aObject, B& bObject, C& cObject);

private:
int b;

This confers accessibility to all of class B’s private sectors including every mem-
ber function currently within class A and any that may be added to class A in
the future.

Operator Overloading

The idea of operator overloading is already familiar. The division operator, /,
performs division in one way for ints and in another way when either the nu-
merator object or the denominator object (or both) is a float. Thus there are
two distinct meanings, and the correct one is chosen based upon the context
of the application. Because it has more than one implementation, the operator
/ is said to be overloaded.

In C++, operators may be enriched with additional meanings so that they
apply in some appropriate way to objects of the programmer’s own design.
For example, consider a class called String. The + operator can be overloaded
so that if stringObject1 were “Hello” and stringObject2 were “World”, stringOb-
Jjectl + stringObject2 gives the concatenation, “Hello World”. Consider a class
called Point in which each object is a point on a set of Cartesian coordinates.
The + operator may be given the meanings such that it adds two Point objects:

(a,b) + (c,d) --> (a+c, b+d)

and allows an int to be added to a Point or vice versa:
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5 + (c,d) --> (c+5, d+5) // A deliberately unconventional
// 1interpretation of addition
(a,b) + 5 --> (a+5, b+5) // relative to real and complex numbers.

Within one program, the + operator might sum numbers, concatenate Strings,
add Points, add Points to ints, and signify as many other different operations
for objects of user-defined classes as the programmer wants to define.

The technique for defining special meanings to an operator is to write one
function for each special meaning. The name of such a function is the keyword
operator followed by the operator being overloaded. For the + operator, the
name of the function is operator+( ). (C++ allows a space between the keyword
operator and the operator; the space makes the operator stand out and easier
to see.) Different versions of operator+( ) are differentiated by their location
and their signature, just as overloaded functions are. Functions that overload
an operator may be either member functions of a class or free functions. The
significance of the fact that new is an operator in C++, and not a function, or
that the chevrons for output ( << ) and input ( >> ) are operators, is that they
can be overloaded to work with any programmer-defined objects.

A Demonstration For the sake of demonstration, consider the following Point class. It has two
public data members, x for the point’s abscissa and y for its ordinate, and three
function members: two constructors that perform data member initializations
and a function for displaying an accessing Point object, showPt( ).

class Point
{
public:
int x, y;

public:
Point() : x(0), y(0) // No argument constructor.

{

}

Point(int forX, int forY) : x(forX), y(forY)
{
}

void showPt ()
{
cout << " (" << x << "M << y << n) om.
}
}:

Suppose there is a free function that adds two Points and displays their sum.

void showSum (Point leftPt, Point rightPt)
{
Point sumPt; // Temp Point to hold the sum.



184  Chapter 4 C++ and Object-Oriented Programming

sumPt.x = leftPt.x + rightPt.x; // Compute sum of the two abscissas.
sumPt.y = leftPt.y + rightPt.y; // Compute sum of the two ordinates.
sumPt.showPt () ; // Display the resulting Point.

}
This function can access the x and y data members of any Point because they
are public. If the following code appears in main( ),

Point pl1(1,2), p2(3,4); // Two Points are defined and initialized.
cout << endl;

showSum(pl, p2); // Free function, showSum() displays the sum, pl + p2
cout << " = "; /7 Note that pl is the left operand
pl.showPt(); // and that p2 is the right operand.

cout << "+"
p2.showPt();
cout << endl;

This is the output.
(4, 6) = (1, 2) + (3, 4)

In the following examples, the same functionality in showSum() is embodied
in an overloaded addition operator.

void operator+ (Point leftPt, Point rightPt)

{
Point sumPt; // Temp Point to hold the sum.
sumPt.x = leftPt.x + rightPt.x; // Compute sum of the two abscissas.
sumPt.y = leftPt.y + rightPt.y; // Compute sum of the two ordinates.
sumPt . showPt () ; // Display the resulting Point.
}
And here is a corresponding fragment of code that uses it and presents the
same display.
pl + p2; // The free function, operator+() displays the sum, pl + p2.
cout << " = "; // Note that pl is the left operand
pl.showPt () ; // and that p2 is the right operand.

Cout << Il+ n
p2.showPt () ;
cout << endl;

Not only are the function bodies of showSum( ) and operator+( ) identical, but
parameter transmission to an operator function works in accordance with all
the same rules as parameter transmission to any function.

showSum(pl, p2);

passed passed

*to to\

void showSum(Point leftPoint, Point rightPoint)
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The alternative is a call to operator+():
pl + p2;

passed passed
t*o to\
void operator+ (Point leftPt, Point rightPt)

In fact, the operator+( ) function could have been invoked in the traditional
manner as well,

operator+( pl, p2 );

which is the same as
pl + p2;

Naming a function with the keyword operator followed by an operator does
nothing but provide the ability to call the function in a symbolically concise
way.

As previously given, the function operator+() is poorly written. Adding two
operands should return the sum, not print it. The sum may be needed as a
term within an expression, or it may be assigned to a variable (or an object).
The upgrade is easy. In the function declarator, designate that a Point will be
returned; and, once the sum is ready, return it:

Point operator+ (Point leftPt, Point rightPt)
{
Point sumPt;
sumPt.x = IeftPt.x + rightPt.x;
sumPt.y = leftPt.y + rightPt.y;
return sumPt;

}

Given the creation of Points p1, p2, p3, and p4, this function permits the coding
of expressions such as

p3 =pl + p2; // Point p3 is assigned the sum returned by adding pl
// and p2.

and

p4 = pl + p2 + p3; // The sum returned by adding pl and p2 is added to
// p3.

Both the operator+( ) functions given (the one that returns a Point and the
one that does not) cannot coexist within the same program because they have
the same signature. But either one can coexist with the following two mutu-
ally agreeable functions. The function on the left overloads the + operator so
that a Point may be added to an int; the function on the right overloads the +
operator so that an int may be added to a Point.
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Point operator+ (Point pt, int i) Point operator+ (int i, Point pt)
{ {
Point sumPt; Point sumPt;
sumPt.x = pt.x + 1i; sumPt.x = pt.x + 1;
sumPt.y = pt.y + 1i; sumPt.y = pt.y + 1;
return sumPt; return sumPt;
} }
This allows expressions such as: This allows expressions such as:
p2 =pl +5; p2 =5 + pl;

Operator Access to Private
Data

If the operation of adding Points and ints is to be commutative, both functions
are needed. A function call whose first argument is a Point and whose second
argument is an int designates a function with a (Point, int) signature. On the
other hand, a function call whose first argument is an #n¢ and whose second
argument is a Point designates a function with an (int, Point) signature. In
C++, these are distinctly different.

These functions are free functions, not members of the Point class, so they can
only access a Point object’s x and y data members when they are public. Most
often, there is good reason to specify a class’s data members as private. How
can these operator+( ) functions work when x and y are private? The answer
is to have the Point class declare them to be friends. This is done by putting
the following three lines within the Point class specifier, one for each version
of operator+() to which friendship is being conferred.

the keyword
friend standard function prototypes

! 1

friend Point operator+ (Point leftPt, Point rightPt);
friend Point operator+ (Point pt, int 1i);
friend Point operator+ (int i, Point pt);

Being named as a friend by the Point class does not change these functions.
No modifications in their declarators or bodies are needed; and they have not,
as a result of the friendship, become member functions of the Point class. Ev-
erything is just as it had been, except that access to the private sectors of the
Point class, within these designated functions, is now enabled. This is how
Poinr's specifier might appear.

class Point
{ _
friend Point operator+ (Point leftPt, Point rightpPt);
friend Point operator+ (Point pt, int 1i);
friend Point operator+ (int i, Point pt);

private:
int x, y;
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public:
Point() : x(0), y(0) // No argument constructor.

{
J

Point (int forX, int forY) : x(forX), y(forY)
{
}

void showPt ()
{
cout << " (" << X << ", " << y << W)y m.
}
};

Another approach to enabling access to x and y when they are private is to
install the operator+( ) functions as members. As member functions there are
some differences. The left operand arrives as the function’s accessing object;
the right operand arrives as the function’s argument.

class Point

{
private:
int x, y;
public:
Point() : x(0), y(0) // No-argument constructor.
{
}
Point (int forX, int forY) : x(forX), y(forY)
{
}
void showPt ()
{
cout << " (" << X << ", "<y << ") ";
}
Point operator+ (Point rightPt) // Makes possible: ptl = pt2 + pt3.
{
Point sumPt;
sumPt.x = X <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>