C++ Pr ogr amming Page 1 of 74

Ohio Super computer Center

Introduction to the C++ Programming Language

Dr. David J. Ennis Ohio Super computer Center

C++ Pr ogr amming

Page 2 of 74

Ohio Super computer Center

The two aspects of C++...

1. A Better C

-Providing featur es that make common C err ors unlikely -C++ is a superset of C -Extensions to C -Impr ovements to C performance/ease-of-use

2. Enabling Object-Oriented Pr ogramming (OOP)

-Entirely new appr oach to pr ogramming: next major pr ogramming style beyond functional decomposition *Model real world by making data types that r eplicate r eal objects *Facilitates code r euse: r euse and enhance existing libraries -Main pr ogram consists of cr eation and manipulation of objects -Object= data + functions which allow you to interact with the data -In general, data contr olled only thr ough these interface functions: Data Encapsulation -C operators can work with your objects: Operator Overloading -"Advanced" Objects can incorporate featur es of "Simpler" objects: Inheritance -With the same syntax, objects can act dif ferently in dif ferent situations: Polymorphism

C++ Pr ogr amming

Page 3 of 74

Ohio Super computer Center

A Better C: T able of Contents

General:

-End-of-line comments -Type-casting syntax -Input/Output Str eams -Omnipr esent Variable Declaration -const Keywor d -Memory allocation syntax

Function-r elated:

-Impr oved ar gument type-checking/ strict function pr ototyping -Interpr etation of the void keywor d -Type-safe Linkage -Default ar guments -Function Overloading -Inlined Functions -Reference Declarations -Operator Overloading!!

C++ Pr ogr amming

Page 4 of 74

Ohio Super computer Center

End-of-Line Comment

Single line form of a comment begun with the // symbol - Everything fr om the delimiter // to the end-of-the line is ignor ed -Reminiscent of the Fortran 90 use of ! for one-line commenting

Familiar , multi-line style of commenting still works in C++ - Warning: /*... */ commenting may not nest with some compilers

Sample Pr ogram:

#include <stdio.h> main () { float r ,theta; // polar coor dinates float x,y ,z; // Cartesian coor dinates // only works for one line /* Code might need later x=10; y=100; z=x*3+2-y/4; printf("z is %d \n",z); */ }

C++ Pr ogr amming

Page 5 of 74

Ohio Super computer Center

Type-casting Syntax

In C, override type casting was possible with the following (awkwar d) syntax

int i; (double) i

In C++, a second (less awkwar d) syntax can also be used:

double(i) char(3+’A’)

Additional usefulness of this new syntax will be seen later in the OOP section.

C++ Pr ogr amming

Page 6 of 74

Ohio Super computer Center

Input/Output Streams

Probably the strangest thing you would notice when looking at a C++ for the first time...

Replacement of the stdio library of C with the iostr eam library of C++. For example, the C++ version of the classic "Hello W orld" pr ogram look as follows:

#include <iostream.h> main () { cout << "Hello W orld\n"; } Notice the thr ee changes: 1. Include iostr eam.h instead of stdio.h 2. cout indicates that the output should go the standar d out. Ther e are corresponding keywor ds cin and cerr which r epresent standar d in and standar d err or, respectively 3. Use of the insertion operator << as opposed to the printf function. The corresponding extraction operator for input is >>

Advantages of iostr eam appr oach:

-Can extend the insertion/extraction operators to work as you wish for your own data types (str uctur es variables/objects) -Can just use default format for quick output display [Analogous to Fortran print *] -Stream appr oach mor e type-safe. A void r un-time mismatch of format specifiers and their "matching" ar guments in printf and scanf. -Better performance: avoids r un-time interpr etation of format specifiers in stdio library functions

C++ Pr ogr amming

Page 7 of 74

Ohio Super computer Center

I/O Streams: Default formats

#include <iostr eam.h> main () { int i=44; float f=10.40; double d=2.718281828459045; char c='E'; char *s="Logan";

cout << c << endl; cout << s << endl; cout << f << endl; cout << d << endl; cout << i << endl; cout << s << c << f << i << endl; cout << &i << endl; } ------------------------------------- E Logan 10.4 2.71828 44 LoganE10.444 0xae41

C++ Pr ogr amming

Page 8 of 74

Ohio Super computer Center

Formatting I/O streams

Formatted output is performed by including format manipulators (such as the just seen endl) into the str eam

Include the iomanip.h file in your code header

Some popular manipulators and their functions:

" " -string of desir ed spaces "/t" -horizontal tab setw(w) -set field width to w setfill(c) -set fill character to c [blank is default] setpr ecision(p) -set float pr ecision to p dec,oct,hex, -use the indicated base

Sample Pr ogram:

#include <iostr eam.h> #include <iomanip.h> main () { cout << "[" << setw(6) << setfill('*') << 192; cout << "]" << endl; cout << hex << "[" << setw(6); cout << setfill('^') << 192 << "]" << endl; cout << setpr ecision(4) << 3.14159 << endl; } ---------------------------------------------- [***192] [^^^^c0] 3.142

C++ Pr ogr amming

Page 9 of 74

Ohio Super computer Center

The Input Stream

Analogous to output str eam use in syntax and use format manipulators.

int c,d; cin >> c >> d;

Advantage: A void the common err or of for getting the ar guments to scanf are addr esses.

Compar e cout << "Number of time steps: "; cin >> T to printf("Number of time steps: "); scanf("%d",&T);

The I/O str eam appr oach also exist for files <fstr eam.h> and strings <strstr eam.h>

C++ Pr ogr amming

Page 10 of 74

Ohio Super computer Center

Using the cerr Stream

#include <iostr eam.h> main() { int number=34; float divisor; cout << number << " divided by 2.3 equals " << number/2.3 << endl; cout << "Please enter you own divisor: "; cin >> divisor; if (divisor==0.0) cerr << "Cannot divide by zer o" << endl; else cout << "Results is " << number/divisor << endl; } ----------------------------------------------------- (981) conan% a.out 34 divided by 2.3 equals 14.7826 Please enter you own divisor: 0.0 Cannot divide by zer o (982) conan% a.out 34 divided by 2.3 equals 14.7826 Please enter you own divisor: 78.2 Results is 0.434783

C++ Pr ogr amming

Page 11 of 74

Ohio Super computer Center

Movable V ariable Declarations

Variables can be declar ed anywher e in C++ code. Local variables need not all be declar ed at the beginning of a function.

-Similar to implicit-typing and variable cr eation/use in Fortran

Variables come into existence when declar ed and cease existence when the present code block is exit

-Don’t tie-up memory until you really need it and fr ee it up when you don’t need it anymor e. -Impr ove code r eadability ("intuitively right" places for declaration)

Popular use of this featur e is with loop counter:

float sum(float *a,int N) { float r es=0.0; for(int i=0 ;i<N;++i) res += a[i]; return(r es); } Warning( compiler-dependent): scope of int extends to end of entir e sum function. So if included another "int i" statement anywher e else is the sum function would get compiler err or for r edeclaration of the same variable.

Possible performance impr ovement: make loop counter r egister class as well

for(register int i=0;......

C++ Pr ogr amming

Page 12 of 74

Ohio Super computer Center

Symbolic Constants in C++

In C, ther e exists the standar d macr o method for declaring symbolic constants:

#define LIMIT 2300

Two pr oblems with this appr oach ar e that macr os lack type and the macr o name is typically not available to a debugger .

In C++ (and ANSI C), the const keywor d can be used at declaration to indicated that the identifier cannot be subsequently changed :

const int LIMIT=2300;

LIMIT now has scope and type and is tracked in the name space used by the compiler and most debuggers. Making symbolic constants as long been a C/C++ convention.

The const keywor d can also be used in function ar gument list to insur e that the ar gument cannot be changed in the body of the function:

void bobba(const int i) { i=5 // Illegal! ...

C++ Pr ogr amming

Page 13 of 74

Ohio Super computer Center

C++ Memory allocation functions

In C++, the malloc library of dynamic memory allocations functions ar e replaced with the new and delete operators built-in to the language.The justification for this change is that the "new" operators ar e easier to use: avoiding the ancillary use of the C sizeof function and extraneous typecasting. This is especially tr ue with user -defined types.

Warning: do not mix & match C’s malloc() and fr ee() with C++’s new and delete

Sample code for C++ dynamic allocation of a single variable type:

float *fp; fp=new float; *fp=9.87; cout << *fp << endl; delete fp;

As this pr ogram demonstrates, the new operator r eturns the addr ess of a block of memory lar ge enough to hold a variable of the ar gument type. The delete operator then fr ees up the memory when it is no longer needed.

A similar pr ocedur e with slightly dif ferent syntax is used for dynamic memory allocation for entir e arrays:

float *a; a=new float[50]; a[44]=34.5; delete [] a;

Rule of the thumb : Whenever new is followed by [], delete should be followed by it to.

C++ Pr ogr amming

Page 14 of 74

Ohio Super computer Center

But per haps, the most convincing pr oof of how easily new & delete allow dynamic memory contr ol is when working with user defined data types. Consider this classic linked list example:

#include <iostr eam.h>

struct node { int id; double value; node *next; };

main() { node *curr ent; curr ent=new node; curr ent->id=78; curr ent->value=45.67; cout << curr ent->id << endl; cout << curr ent->value << endl; delete curr ent; }

C++ Pr ogr amming

Page 15 of 74

Ohio Super computer Center

Type Checking

In general, C++ uses very strict type checking .

With respect to functions, C++ (as well as ANSI C) requir es that functions be pr ototyped before their use.This is to insur e that the compiler can check that

- the proper number of arguments ar e passed -wher e possible and if needed, cast the actual ar guments to the proper type - the return type is properly used

To illustrate the power of function pr ototyping and ar gument checking, the following code

#include <iostr eam.h> int firstchar(char *s); main () { float name=3.0; int ascii; ascii=firstchar(name); cout << "Ascii code of first char is " << ascii << endl; } int firstchar(char *s) { return(int(s[0])); } produces these compiler err or messages

type.C: In function `int main()': type.C:6: ar gument passing to `char *' fr om `float'

C++ Pr ogr amming

Page 16 of 74

Ohio Super computer Center

Functions with no arguments in C and C++

In C, a function pr ototype with an empty ar gument list

extern int fr eak();

indicates that the ar gument list of the declar ed function is not pr ototyped and could have any number of ar guments .

In C, a function pr ototype with a void ar gument list

extern int fr eak(void)

indicates that the function has no ar guments .

Because C++ maintains such strict ar gument checking, an empty ar gument list means ther e are literally no ar guments. So in C++, the two above declarations are equivalent.

For example, consider the fr eak function declar ed in its own file fr eack.C:

int freak(int a) { return(a+5); } and a main pr ogram in a file called tstfrk.C that use the fr eak function,

#include <stdio.h> extern int fr eak(); main() { int x=23; printf("%d\n",fr eak(x)); }

C++ Pr ogr amming

Page 17 of 74

Ohio Super computer Center

When compiled with the following command (for example) gcc tstfrk.C fr eak.C

the following compile-time err or messages ar e produced:

tstfrk.C: In function `int main()': tstfrk.C:2: too many ar guments to function `int fr eak()' tstfrk.C:5: at this point in file

In C, the code in these two file would have r un successfully .

C++ Pr ogr amming

Page 18 of 74

Ohio Super computer Center

Type-safe Linkage

C++, takes type checking to further level beyond ANSI C, by comparing function pr ototyped in the "main" file and actually defined in a separate file.

Consider this function colum defined in a file called colum.c

double colum( double a , double b) { return(a/2.0*(b+42.0)); } and further consider the main sour ce file (tstcol.c) which uses the colum function:

#include <stdio.h> extern double colum( int a , double b); main() { double a=5.5,b=6.7,c; c=colum(a,b); printf("%f\n",c); } In tstcol.c the function pr ototype incorr ectly declar es the first dummy argument to be an int instead of a double. A C compiler will not find this error and incorr ect value for c will be pr oduced .

NOTE: C pr ogrammers who get in the habit of putting function pr ototypes in their own include file can generally avoid this err or.

If this same code is compiled using a C++ compiler it will find the err or and prevent the cr eation of an incorr ect executable. This is accomplished at linktime thr ough a pr ocess known a name-mangling . The function names actually used by the linker ar e encoded with ar gument-typing information.

C++ Pr ogr amming

Page 19 of 74

Ohio Super computer Center

For example, using the code on the pr evious page, the C++ compile command

gcc tstcol.C colum.C

produces the following compiling system messages:

tstcol.C: In function `int main()': tstcol.C:5: warning: `double' used for ar gument 1 of `colum(int, double)' Undefined first r eferenced symbol in file colum__Fid /var/tmp/cca001cg1.o ld: fatal: Symbol r eferencing err ors. No output written to a.out

C++ Pr ogr amming

Page 20 of 74

Ohio Super computer Center

Default Arguments

In C++, the pr ogrammer can set default values for dummy arguments in function definitions. If no actual value is passed to that dummy ar gument, the default value is used. Useful when a certain ar gument almost always have the same value when the function is use. In addition, this appr oach can reduce the number of actual ar guments in the function r eference. On the other hand, should comment on why/how the default value is used.

As illustration, consider the following pr ogram and its output:

#include <iostr eam.h> void symm(float x, int k=13) { cout << "Ar gument 1 is " << x << endl; cout << "Ar gument 2 is " << k << endl; } main() { symm(3.2,167); symm(5.4); } ------------------------ Argument 1 is 3.2 Argument 2 is 167 Argument 1 is 5.4 Argument 2 is 13

C++ Pr ogr amming

Page 21 of 74

Ohio Super computer Center

Function Overloading

Often, a function needs to perform the same operation, but using ar guments of different types. In C++, multiple versions of a function with the same name but dif ferent type ar guments can be defined. In the main pr ogram, the "correct" version of the function is actually used by the compiler by examining the ar gument types. (Internally , this is done thr ough name mangling again...).Function overloading avoids having multiple functions with slightly dif ferent bar oque names which essentially perform the same work.

In the following pr ogram, a swap function is overloaded to work with both integers and doubles.

#include <iostr eam.h> void swap(int* i, int* j) { int temp; cout << "int swap called" << endl; temp=*i; *i=*j; *j=temp; }

void swap(double* x, double* y) { double temp; cout << "double swap called" << endl; temp=*x; *x=*y; *y=temp; }

C++ Pr ogr amming

Page 22 of 74

Ohio Super computer Center

main() { int a=5,b=23; double r=34.5,s=1245.78; swap(&a,&b); swap(&r ,&s); cout << "a is " << a << " b is " << b << endl; cout << "r is " << r << " s is " << s << endl; } ---------------------------------- int swap called double swap called a is 23 b is 5 r is 1245.78 s is 34.5

C++ Pr ogr amming

Page 23 of 74

Ohio Super computer Center

Inlined Functions

In C++, functions can be declar ed as inlined. Inlining is a general optimization technique which causes any r eference to a function to be replaced by the actual code that makes up the function. The function body in put in the line wher e the function r eference occurs.The user pr ograms as they wish and the compiler does the inlining automatically .(Especially useful for small functions r eferenced often).

The advantages to inlining ar e:

-Don’t pay the over head time-cost of the function call itself -Unlike macr os (the alternative appr oach), inlined functions can be prototyped and ther eby type-checked. -Less pr one to err ors than macr os.

The disadvantage of inlining (and macr os) is the assembly language "text bloat" which will occur . In addition, the actual code must be known to the compiler , thus functions in a r un-time library cannot be inlined.

The following C code shows macr os can pr oduce incorr ect results due to their literal substitution of ar guments:

#include <stdio.h> #define MUL(a,b) a*b main () { int x,y,z; x=10; y=100; z=MUL(x*3+2,y/4); printf("z is %d \n",z); } -------------------------- z is 80

C++ Pr ogr amming

Page 24 of 74

Ohio Super computer Center

The corr ect result we expected -(10*3+2) *(100/4) =800 was not calculated because the macr o substitution r esulted in the expr ession x*3+2*y/4

which due to operator pr ecedence gives the value 80.

This pr oblem is solved in the following C++ pr ogram using inlining:

#include <iostr eam.h> inline int mul(int a,int b) { return a*b; } main () { int x,y,z; x=10; y=100; z=mul(x*3+2,y/4); cout << z << endl; } ------------------- 800

C++ Pr ogr amming

Page 25 of 74

Ohio Super computer Center

Call-by-Reference

In C, the only way actual ar guments ar e passed to dummy ar guments when using a function is call-by-value . The value of the actual ar gument is passed into the dummy ar gument. Any changes the function makes to the dummy arguments will not af fect the actual ar guments.

C does pr ovide an indir ect method for changing the value of the actual arguments, namely call-by-address . Addr esses ar e passed fr om the actual to the dummy ar gument and the indir ection operator * is used to change the contents of the actual ar gument.

The following C code demonstrates the use of call-by-addr ess #include <stdio.h> struct item { char* name; float price; int quantity; }; void incr ease(str uct item* p) {

(*p).price =1.10*(*p).price; p->quantity =p->quantity+10; } main() { struct item chicken={"Holly Farms",5.00,20}; increase(&chicken ); printf("New price is %0.2f\n",chicken.price); } ---------------------------- New price is 5.50

C++ Pr ogr amming

Page 26 of 74

Ohio Super computer Center

The drawbacks to the C call-by-addr ess appr oach is that the function body is difficult to interpr et because of the necessary * and -> operators. In addition, one must r emember to use the addr ess operator & for the actual argument in the function r eference itself.

For these r easons, C++ has developed a tr ue call-by-reference . If a dummy argument is declar ed as a r eference to the actual ar gument- by using the reference operator & (again!) - it picks up the addr ess of the actual ar gument (automatically) and can change the contents of that addr ess. Conceptually, the referenced actual argument just gets a new name in the function: whatever is done to the dummy argument is also done to the actual argument.

The C++ version of the pr evious code using call-by-r eference is:

#include <iostr eam.h> struct item { char* name; float price; int quantity; }; void incr ease(item& thing) {

thing .price=1.10*thing.price; thing .quantity=thing.quantity+10; } main() { item chicken={"Holly Farms",5.00,20}; increase(chicken ); cout << "New price is " << chicken.price << endl; } -------------------------------------------------- New price is 5.5 read as "reference to an item structure"

C++ Pr ogr amming

Page 27 of 74

Ohio Super computer Center

Operator Overloading

One of the mor e powerful featur es of C++ is that pr ogrammers can define the basic C++ built-in operators - such as +, *, [], !, for example- to work with user -defined types . This capability makes for a sensible and mor e readable main pr ograms and is similar , in spirit, to function overloading. Of course, the operators continue to work as originally designed in the language definition for basic types: thus the term overloading. Keep in mind also that although you can use operator overloading to define an operator to do anything you want, it is best to make the new operator definition is some way analogous to the normal use of the operator .

The syntax for operator overloading looks exactly like the syntax for a function definition except that the function name is r eplaced by the name

operator <operator symbol>

A sample operator overload pr ototype might look as follows:

clock operator+(const clock& a, const clock& b);

wher e clock is some user -defined str uctur e and the body of this pr ototype will define what "+" will do to two r eport str uctur es (per haps, add the hours members to corr ect for dif ferent time zones). Note the use of the const keywor d in operator overload pr ototype. This is to insur e that the operator cannot change the value of its operands, only pr oduce a r esult. Note also the use of call-by- r eference ar guments. Both noted pr ocedur es are suggested, not r equir ed.

It should be pointed out that operator overloading only defines what the operators does for user defined types . It does not change the operator ’s precedence, dir ection of associativity , or number of operands. In addition, you cannot make up your own new operator symbols.

The following pr ogram on the next page overloads the *,+, and ! operators to work with complex number in the "natural" way:

C++ Pr ogr amming

Page 28 of 74

Ohio Super computer Center

#include <iostr eam.h> struct complex { double r eal; double img; }; complex operator+(const complex& a, const complex& b) { complex r es; res.real=a.r eal+b.r eal; res.img=a.img+b.img; return(r es); } complex operator*(const complex& a, const complex& b) { complex r es; res.real=a.r eal*b.real-a.img*b.img; res.img=a.r eal*b.img+a.img*b.r eal; return(r es); } complex operator!(const complex& a) { complex r es; res.real=a.r eal; res.img=-a.img; return(r es); } main() { static complex x={1.0,2.0},y={3.0,4.0},z; z=x+y; cout << z.r eal << " +i " << z.img << endl; z=x*y; cout << z.r eal << " +i " << z.img << endl; z=x*(!x); cout << z.r eal << " +i " << z.img << endl; } -------------------------------- 4 +i 6 -5 +i 10 5 +i 0

C++ Pr ogr amming Page 29 of 74

Ohio Super computer Center

OOP C++ Features: T able of Contents

-Classes and Objects -Constr uctors and Destr uctors -Object assignment & T ype Casting -Operators with Objects -Friend Functions -Using Objects with the I/O str eam -Static Class Members -Inheritance -Virtual Functions and Polymorphism

C++ Pr ogr amming

Page 30 of 74

Ohio Super computer Center

C++ Classes

A class is a user -defined data type . You can think of it as an extended and impr oved str uctur e data type. An object is variable of a certain class type . It is often said that an object is an instantiation of the class.

Intrinsic data-types, float, for example have values they can contain (r eal numbers) and a set of operations (+,/,*,etc) that can be applied to variables of type float.

These same concepts ar e carried over to class types. The values a class can contain ar e called its data members . The set of operations that can be applied to a certain class object ar e called its member functions .

After a class has been declar ed, we will see in the r est of the course how its objects can be tr eated in the same manner and syntax as "normal" data-type variables.

In the following code, a class T riangle is declar ed:

class Triangle { double base; double height; public: void set(double a, double b) { base=a; height=b; } void display() { cout << "base=" << base << " height=" << height << endl; } double ar ea() { return(0.5*base*height); } };

data members

function members

common error: forget this semicolon!

C++ Pr ogr amming

Page 31 of 74

Ohio Super computer Center

In this declaration of the class T riangle (it is customary the capitalize the first letter of a class type), ther e are two data members- base and height- and three member functions: set, display and ar ea. The member functions represent thr ee typical tasks one might want to perform with a T riangle object.In many ways the declaration of a class look like the declaration of a structur e but with functions now being allowed as members

Here is an example of some main code that would use the T riangle class data type:

main () { Triangle t; t.set(2.0,3.0); t.display(); cout << "ar ea is " << t.ar ea() << endl; } ------------------------------------------- base=2 height=3 area is 3

It should be noted in this code that the same "dot" operator to access a member of a str uctur e is also used to access the member of class. Specifically , member functions are invoked with the traditional "dot" operator .

t is an object of class T riangle

C++ Pr ogr amming

Page 32 of 74

Ohio Super computer Center

Access to Class Members

The user has complete contr ol over which parts of a pr ogram can alter and/ or use the members (data and functions) of a class. Ther e are thr ee types of member access allowed:

Public -> Accessible to all functions in the pr ogram (everyone) Private -> Accessible only to member functions of the same class Protected -> Accessible only to functions of same or derived classes

The default access classification for classes is private . As in the class Triangle pr eviously declar ed, once a access-specifier -like public- appears, all members following the public keywor d ar e declar ed public, until a different access-specifier is typed in. Thus, all thr ee member functions of Triangle ar e public.

Contr olling the access to class members facilitates the safe r euse of classes in different pr ograms, and avoids impr oper addr essing and name collisions of data. The practice of using public member functions to indir ectly set, change, and use private data members is called Data Hiding .

Consider the following class Access:

class Access { int x; public: float y; int z; void set(int a, float b, int c) { x=a; y=b; z=c; } void display() { cout << x << " " << y << " " << z << endl; } };

C++ Pr ogr amming

Page 33 of 74

Ohio Super computer Center

which contains a mixtur e of public and private data members. The pr oper and impr oper accessing of these members is illustrated in the following main code:

main () { Access w; Access *p; p=&w; w.set(1,2.45,3); w.display(); w.y=4.343434; w.display(); // w .x=6; ILLEGAL! Private member p->z=32; w.display(); } -------------------------------------- 1 2.45 3 1 4.34343 3 1 4.34343 32

C++ Pr ogr amming

Page 34 of 74

Ohio Super computer Center

Member Functions

As we have alr eady seen, and inter esting featur e of C++ classes (unlike C structur es) is that they can contain functions as members. In the class examples we have shown so far the member functions have been defined within the declaration of the class itself. The actual r equir ement is less sever e: member functions must be declared within the class declaration , that is, their pr ototype must appear ther e. They can actually be defined outside the class declaration . One advantage of defining the member function inside the class is that it will automatically be inlined .

In terms of access, member functions - wher ever they ar e defined- have access to all private, pr otected, and public class members (data & function). When the member function is defined outside the class definition the scope resolution operator - :: - must be used with the class name to indicate that the declar ed function belongs to that class.

In the following class declaration the member function setx is defined in the declaration of class Play , while the member functions showx & incx ar e only declar ed ther e:

class Play {

int x;

public:

void setx (int a) {

x=a; } void showx ();

void incx (int del); }; The following pr ogram uses the Play class and shows the syntax for defining "outside" member functions:

C++ Pr ogr amming

Page 35 of 74

Ohio Super computer Center

#include <iostr eam.h> class Play { int x; public: void setx (int a) { x=a; } void showx (); void incx (int del); }; void Play::showx () { cout << "x is " << x << endl; } inline void Play::incx (int del) { x += del; } main () { Play fun; fun.setx(5); fun.showx(); fun.incx(4); fun.showx(); } ---------------------- x is 5 x is 9

C++ Pr ogr amming

Page 36 of 74

Ohio Super computer Center

The Constructor Function

Consider what happens when the following code is executed:

double x=4.567989;

The basic-type variable x is br ought into scope, enough memory for a double-type is allocated to x and that memory is initialized with a value. Given that an underlying philosophy of C++ is that derived-types can and should be tr eated the same (conceptually and syntactically) as intrinsic types, one would expect a similar initialization sequence for class variables. This "constr uction" of a class variable is accomplished thr ough a constructor function .

Here are the basic pr operties of a constr uctor

- Special member function - Has the same name as the class - Is invoked automatically each time a new variable of its class is cr eated (declar ed, dynamically-allocated, type conversion to the class) - Cannot be invoked explicitly -Has no r eturn type (not even void) - Typically uses its ar guments (if any) to initialize the new objects data members - Can have default ar guments and be overloaded - Default (no-op) constr uctor is pr ovided by the compiler if you do not provide one - ADVICE: Always define your own default constr uctor (and destr uctor) - even if they ar e empty- you may need to fill them later ...

The following pr ogram and its output demonstrate the use and pr operties of constr uctors:

C++ Pr ogr amming

Page 37 of 74

Ohio Super computer Center

#include <iostr eam.h> class Bookshelf { float width; float height; int numshelves; public: Bookshelf(float i=4.0,float j=6.0,int k=5) { width=i; height=j; numshelves=k; cout << "Another Bookshelf made: " << width << "x" << height << " with " << numshelves << " shelves" << endl; } }; main () { Bookshelf normal; Bookshelf wide(8.0); Bookshelf tall(4.0,9.0); Bookshelf* custom; custom=new Bookshelf(6.0,3.0,3); for (int i=10; i<=15; i+=5) { Bookshelf paperback(4.0,6.0,i); } } -------------------------------------- Another Bookshelf made: 4x6 with 5 shelves Another Bookshelf made: 8x6 with 5 shelves Another Bookshelf made: 4x9 with 5 shelves Another Bookshelf made: 6x3 with 3 shelves Another Bookshelf made: 4x6 with 10 shelves Another Bookshelf made: 4x6 with 15 shelves

C++ Pr ogr amming

Page 38 of 74

Ohio Super computer Center

The Destructor Function

The complementary function to the constr uctor. The destructor allows the user to perform any necessary "clean-up" after a class variable is destr oyed.

Destr uctors have the following pr operties:

- Another special member function - Has the same name as its class, pr eceded by a tilde (~) - Implicitly invoked each time a class object is destr oyed (goes out of scope [local variable], dynamically de-allocated, temporary object made during a type conversion no longer needed) - Has no r eturn type (not even void) - Has no ar guments and cannot be overloaded - Default (no-op) destr uctor is pr ovided by compiler (if you don’t) - Typically used for classes whose member functions perform dynamic memory allocation: destructor releases the memory .

On the next two pages, two pr ograms and their output ar e shown. The first program demonstrates how and when constr uctors and destr uctors ar e invoked.

The second pr ogram shows how a destr uctor can and should be used to fr ee up no longer needed memory .

C++ Pr ogr amming

Page 39 of 74

Ohio Super computer Center

Constructor/Destructor Sample Program

#include <iostr eam.h> class Number { int i; public: Number(int a) { i=a; cout << "Cr eated Number " << i << endl; } ~Number() { cout << "Destr oyed Number " << i << endl; } }; Number x(1); main () { Number y(2); Number* np; np=new Number(3); delete np; for (int i=4; i<7; ++i) { Number z(i); } } --------------------- Created Number 1 Created Number 2 Created Number 3 Destr oyed Number 3 Created Number 4 Destr oyed Number 4 Created Number 5 Destr oyed Number 5 Created Number 6 Destr oyed Number 6 Destr oyed Number 2 Destr oyed Number 1

C++ Pr ogr amming

Page 40 of 74

Ohio Super computer Center

Deallocating Destructor Program

#include <iostr eam.h> class Release {

int* p; public: Release(int a) {

p=new int; *p=a; cout << "Allocated an integer: it is " << *p << endl; } ~Release() { delete p; cout << "Deallocated an integer: it was " << *p << endl; } }; main () { Release x(1); Release* rp; rp=new Release(2); delete rp; for (int i=3; i<5; ++i) { Release z(i); } } ------------------------------- Allocated an integer: it is 1 Allocated an integer: it is 2 Deallocated an integer: it was 2 Allocated an integer: it is 3 Deallocated an integer: it was 3 Allocated an integer: it is 4 Deallocated an integer: it was 4 Deallocated an integer: it was 1

C++ Pr ogr amming

Page 41 of 74

Ohio Super computer Center

Copying Objects

Is it possible to copy one object of a class into another object of a class? The answer is yes and the assignment operator "=" has been designed so that the copying is done with "natural" syntax. If you use an assignment statement to copy one object to another a data member by data member copy is performed. That is, each member of the object is copied in turn. As in the following pr ogram:

#include <iostr eam.h> class Bookshelf { float width; float height; int numshelves; public: Bookshelf(float i=4.0,float j=6.0,int k=5) { width=i; height=j; numshelves=k; } display () { cout << "Bookshelf is " << width << "x" << height << " with " << numshelves << " shelves" << endl; } }; main () { Bookshelf library(6.25,3.50,4); Bookshelf bedr oom; bedr oom.display(); bedroom=library; bedr oom.display(); } -------------------------------- Bookshelf is 4x6 with 5 shelves Bookshelf is 6.25x3.5 with 4 shelves

C++ Pr ogr amming

Page 42 of 74

Ohio Super computer Center

Potential problems with the member -by-member copying action of the assignment statement can arise when ther e are pointer data members. When pointer ar e included in the object, the data items that the pointers reference ar e not actually copied-only the addr esses themselves. Because of this, a copied object can inadvertently alter the contents of the original object. Consider the following code:

#include <iostr eam.h> class Ints { int x; int* p; public: void setp(int a) { *p=a; } Ints(int a=1) {x=a; p =new int; *p=a; } void display() { cout << "x=" << x << " *p=" << *p << endl; } }; main () { Ints s(3); Ints t; s.display(); t.display(); t=s; t.display(); t.setp(8); t.display(); s.display(); } ----------------- x=3 *p=3 x=1 *p=1 x=3 *p=3 x=3 *p=8 x=3 *p=8 Contents of s changed when working with copy t!!!

C++ Pr ogr amming

Page 43 of 74

Ohio Super computer Center

Copy Constructor

The copy constr uctor is used to make a new class object safely duplicate an existing class object. The salient pr operties of a copy constr uctor ar e:

- Special type of constr uctor member function - Has exactly one ar gument which a reference to the class type - Invoked with the following syntax

class-name new-object-name(existing-object-name) - Typically defined when the class contains pointer members and the assignment operator is inappr opriate - The copy constr uctor pr oduces what is r eferred to as deep copying wher eas the assignment operator performs shallow copying

The pr ogram on the following page fixes the pr oblem just pr esented with our Ints class and its shallow copying. The copy constr uctor shown on the next page actually cr eates a new address for the copied class’s int pointer and not the same address as the original.

C++ Pr ogr amming

Page 44 of 74

Ohio Super computer Center

#include <iostr eam.h> class Ints { int x; int* p; public: void setp(int a) { *p=a; } Ints(int a=1) {x=a; p =new int; *p=a; } Ints(Ints& r) { p=new int; x=r.x; *p=*(r.p); } void display() { cout << "x=" << x << " *p=" << *p << endl; } }; main () { Ints s(3); s.display(); Ints t(s); // replaces t=s; t.display(); t.setp(8); t.display(); s.display(); } --------------- x=3 *p=3 x=3 *p=3 x=3 *p=8 x=3 *p=3 // s unchanged by actions on t

C++ Pr ogr amming

Page 45 of 74

Ohio Super computer Center

Conversion Constructor

Yet another type of constr uctor enables type conversion from other types to the class type . It is, naturally , called a conversion constr uctor.The conversion constr uctor has exactly one ar gument of a type other than the class type. If the compiler encounters a "mixed-type " operation, the conversion constr uctor is used to make a temporary object of the class type and use this converted variable in the calculations. Note : the data members of classes involved in conversion operation often have to made public since they will be used in non-member functions.

Consider the following two classes for English and Metric distances and the conversion constr uctor to go fr om Metric units to English units:

class Metric { public: float cm; Metric(float x) { cm=x; } }; class English { public: float in; English(float x) { in=x; } English(Metric m) { in=m.cm/2.54; cout << "Convert construct invoked \n"; } English add(English y) { r eturn(in+y .in); } void display() { cout << "Length is " << in << " inches\n"; } };

C++ Pr ogr amming

Page 46 of 74

Ohio Super computer Center

Here is the main pr ogram that demonstrates how the conversion works:

main () { English d1(6.25); English d2(3.375); d1=d1.add(d2); d1.display(); Metric m1(30.48); d1=d1.add(m1); d1.display(); } ------------------------------- Length is 9.625 inches Convert constr uct invoked Length is 21.625 inches

C++ Pr ogr amming

Page 47 of 74

Ohio Super computer Center

Operator Overloading and C++ Classes

As we have seen pr eviously , C++ offers the ability to overload built-in operators so that they can work with user -defined types. Can operator overloading be applied to C++ classes? Y es: all that is needed is to make the definition function for the operator be a member function of the class .

Consider in the pr evious pr ogram the definition of the function add for the English class which r esulted in the somewhat awkwar d looking "addition" statement:

d1=d1.add(d2);

Here is the same pr ogram r ewritten with the "+" operator overloaded to work with English class variables. Notice how much mor e readable and sensible the main pr ogram becomes:

#include <iostr eam.h> class Metric { public: float cm; Metric(float x) { cm=x; } }; class English { public: float in; English() { } English(float x) { in=x; } English(Metric m) { in=m.cm/2.54; } English operator+(const English& a) { English res; res.in=in+a.in; return(res); } void display() { cout << "Length is " << in << " inches\n"; } };

C++ Pr ogr amming

Page 48 of 74

Ohio Super computer Center

main () { English d1(6.25); English d2(3.375); d1=d1+d2; d1.display(); Metric m1(30.48); d1=d1+m1; d1.display(); } ---------------------- Length is 9.625 inches Length is 21.625 inches

C++ Pr ogr amming

Page 49 of 74

Ohio Super computer Center

Scientific Application: Adding Stellar Magnitudes

Since the time of the ancient Gr eek astr onomers, the brightness of a star has been measur ed by its magnitude m, a real number . The lower the magnitude, the brighter the star: in fact, the brightest stars have negative magnitudes. Stellar magnitudes actually measur e on a logarithmic scale in which

wher e F is the flux fr om the star and is the flux fr om a zer o-magnitude star.

Often, astr onomers will have two stars in their field of view and would like to know the magnitude of the stars combined. One simply cannot add together the magnitudes of the separate stars since it is only physically correct to add the fluxes from the stars.

In the pr ogram on the next page, the "+" operator is overloaded to corr ectly work for the addition of stellar magnitudes. Again, notice how r eadable and sensible the statements of the main pr ogram ar e.

m 2.512 F0 F ----- log × = F0

C++ Pr ogr amming

Page 50 of 74

Ohio Super computer Center

#include <iostr eam.h> #include <math.h> class Star { double mag; public: Star() { } Star(double x) { mag=x; }

Star operator+(const Star& a) { Star res; res.mag=2.512*log10(1.0/(pow(10.0,-mag/2.512)+ pow(10.0,-a.mag/2.512))); return(r es); } void display() { cout << "Magnitude is " << mag << endl; } }; main () { Star Deneb(1.26); Star Aldebaran(0.86); Star Field; Field=Deneb+Aldebaran; Field.display(); } -------------------- Magnitude is 0.285582

C++ Pr ogr amming

Page 51 of 74

Ohio Super computer Center

Mathematical Application: Array-bounds overflow

A long-standing and common err or made by pr ogrammers is to r eference an array element that is beyond the bounds of the array . The results ar e unpr edictable depending on what binary pattern in actually located in the (incorr ect) memory location that is used. This classic pr oblem is demonstrated in the following C pr ogram:

#include <stdio.h> main() { int x[20]; int i; for(i=0;i<20;i++) x[i]=2*i; for(i=0;i<=30;i+=5) printf("At index %d: value is %d\n",i,x[i]); } ------------------------------- At index 0: value is 0 At index 5: value is 10 At index 10: value is 20 At index 15: value is 30 At index 20: value is 5 At index 25: value is -268436436 At index 30: value is 0

C++ Pr ogr amming

Page 52 of 74

Ohio Super computer Center

In C++, one can r edefine the array element r eference operator "[ ]" to check to make sur e that a corr ect index is used befor e actually getting an array element. Thus, we see that operators can be overloaded not only to work normally with classes and str uctur es of a certain type, but that their capabilities can be extended to include safety and err or-checking.

Consider the same pr ogram on the pr evious page, but written in terms of C++ classes and operator overloading:

#include <iostr eam.h> class Intarray { int *data,size; public: Intarray (int sz = 1) { if (sz < 1) { cout << "Intarray: size of array must be >= 1, not " << sz << endl; exit (1); } size = sz; data = new int [sz]; } } int& operator[] (int index) { if (index < 0 || index >= size) { cout << "\n\n Intarray: boundary overflow or underflow , index=" << index << ", should range from 0 to " << size-1 << endl; exit (1); } return (*(data+index)); } };

C++ Pr ogr amming

Page 53 of 74

Ohio Super computer Center

main () { Intarray x(20); for (register int i=0;i<20;i++) x[i]=2*i; for (register int i=0;i<=30;i+=5) cout << "At index " << i << ": value is " << x[i] << endl; } -------------------------------------------- At index 0: value is 0 At index 5: value is 10 At index 10: value is 20 At index 15: value is 30 At index 20: value is

Intarray: boundary overflow or underflow , index=20, should range from 0 to 19

C++ Pr ogr amming

Page 54 of 74

Ohio Super computer Center

Conversion operator functions

Recall that a Conversion Constr uctor can convert a variable to a class type from another type. T o convert in the opposite dir ection: i.e., from the class type to another type , one has to use a special member operator function. In place of the operator symbol the name of the type to-be-converted to is used.

In the following pr ogram we r evisit the English to Metric conversion program but this time with English class operator function which converts inches to cm:

#include <iostr eam.h> class Metric { public: float cm; Metric() {}; Matriculant x) {cm=x; } void display() { cout << "Length is " << cm << " cm\n"; } Metric operator+(const Metric& a) { Metric r es; res.cm=cm+a.cm; return(r es); } }; class English { public: float in; English(float x) { in=x; } operator Metric() { Metric m; m.cm=in*2.54; cout << "Eng-to-Met conversion occurred\n"; return(m); } };

C++ Pr ogr amming

Page 55 of 74

Ohio Super computer Center

main () { Metric m1(30.50); Metric m2(2.60); m1=m1+m2; m1.display(); English d(3.937); m1=m1+d; m1.display(); } ------------------------- Length is 33.1 cm Eng-to-Met conversion occurr ed Length is 43.1 cm

C++ Pr ogr amming

Page 56 of 74

Ohio Super computer Center

Friend Functions

In general only public members of a class ar e accessible to functions that ar e not member functions. However , a class can declar e a function to be a friend function in which case the friend function has access to all members of the class (including private). Friend status is granted by the class to the function and is a featur e of the class design. Friend functions ar e often used when a calculation needs access to the private members of two objects of the same class.

To specify a friend function, declar e the function in the member list of the class, pr eceded by the keyword friend . The function may actually be defined as a global or a member function.

#include <iostr eam.h> #include <math.h> class Point { double x,y ,z; public: Point(double a, double b, double c) { x=a; y=b; z=c; } friend double distance(Point& r , Point& s); }; double distance(Point& r , Point& s) { return(sqrt(pow(r .x-s.x,2)+pow(r .y-s.y,2)+pow(r .z-s.z,2))); } main () { Point center(1.3,5.6,9.8); Point edge(12.4,34.6,56.7); cout << "Distance between the points is " << distance(center ,edge) << endl; } ----------------------------- Distance between the points is 56.2478

C++ Pr ogr amming

Page 57 of 74

Ohio Super computer Center

Overloading the I/O stream operators

This section will describe how to overload the output str eam operator << to work with you own classes. A similar pr ocedur e is used for the input stream operator >>.

Before overloading << for user -defined classes we need to have a little deeper understanding of how it works. Ther e is a built-in C++ class defined for us called ostream (you can see the declaration of this class in the iostream.h include file.) In fact cout, and cerr ar e just objects of this class. So the following code

int i;

cout << i;

is telling us that << is a binary operator wher e the right-hand operand is a basic type (in this case integer) and the left hand operator is an object of class ostr eam. Ther efore, the pr ototype for our overload function must have the form

ostream& operator<< (ostr eam& ar gl, X argr);

wher e X is the class name we wish to output in any way we wish. The reason this function r eturns a r eference to an ostr eam class is to enable " chaining together" of << operations:

cout << X << "Just outputted my own object\n";

is executed with a L-R associativity:

(cout << X) << "Just outputted my own ojbect \n";

Lastly, since one usually wants to output private data member the overload function is typically made a friend of the class.

The code on the next page r evisits our Point class and overloads both << and >> for it.

C++ Pr ogr amming

Page 58 of 74

Ohio Super computer Center

#include <iostr eam.h> class Point { double x,y ,z; public: Point() {}; Point(double a, double b, double c) { x=a; y=b; z=c; } friend ostream& operator<< (ostream& os,Point p); friend istr eam& operator>> (istr eam& is,Point& p); }; ostream& operator<<(ostream& os, Point p) { os << '(' << p.x << ',' << p.y << ',' << p.z << ')' << endl; return(os); } istream& operator>>(istr eam& is, Point& p) { cout << "Enter x coor dinate of the point: " ; is >> p.x; cout << "Enter y coor dinate of the point: " ; is >> p.y; cout << "Enter z coor dinate of the point: " ; is >> p.z; return(is); } main () { Point center; cin >> center; cout << center; } ------------------------------- Enter x coor dinate of the point: 3.4 Enter y coor dinate of the point: 8.9 Enter z coor dinate of the point: 12.3 (3.4,8.9,12.3)

C++ Pr ogr amming

Page 59 of 74

Ohio Super computer Center

Static Data Members

A data member of a class can be declar ed static. Such a data member is associated with the class as a whole , rather than each particular object of the class. A static data member is often r eferred to as a "class variable" and is typically used to stor e values which characterize the class in some way . For example, a class variable may be used to keep track of the total number of objects that have been cr eated.

As with all class data members and static one must be declar ed in the definition of the class. This brings the name of the class variable into scope, but does not allocated memory for the member . The allocation is done when the class variable is r edeclar ed (and per haps initialized) outside of the class definition. Because of this seemingly r edundant declaration of the class variable it is actually accessible befor e the first class object is cr eated.

A class variable can be r eferred to with two dif ferent syntaxes:

-With the class name class_name::static_data

-With any object of the class class_object.static_data

On the next page we pr esent a graphics pr ogram is which various shapes can be drawn with r elative to an origin placed anywher e on the scr een. The absolute position on the origin is common piece of information needed to all the graphic objects and thus is a natural candidate for a class variable.

C++ Pr ogr amming

Page 60 of 74

Ohio Super computer Center

#include <iostr eam.h> class Pixel { int x,y; public: Pixel(int i, int j) { x=i; y=j; }

static int xo,yo; int abs_x() { return(x+xo);} int abs_y() { r eturn(y+yo);} }; int Pixel::xo; int Pixel::yo; main () { Pixel a(17,42); Pixel b(55,75); Pixel::xo=5; Pixel::yo=6; cout << "The absolute coor dinates of pixel a ar e (" << a.abs_x() << "," << a.abs_y() << ")\n"; cout << "The absolute coor dinates of pixel b ar e (" << b.abs_x() << "," << b.abs_y() << ")\n"; a.xo=0; a.yo=0; cout << "The absolute coor dinates of pixel b ar e (" << b.abs_x() << "," << b.abs_y() << ")\n"; } --------------------------------------- The absolute coor dinates of pixel a ar e (22,48) The absolute coor dinates of pixel b ar e (60,81) The absolute coor dinates of pixel b ar e (55,75)

C++ Pr ogr amming

Page 61 of 74

Ohio Super computer Center

Inheritance

When a new class is declar ed in C++, you can specify that it should be a derived fr om an existing class. The new derived class inherits all data and function members fr om the base class , as if those class members had been declar ed explicitly within the new class declaration itself. The derived class modifies or extends the capabilities of the base class. It is thr ough inheritance that C++ enables and facilitates softwar e reuse . The reuse is even possible in cases wher e classes ar e made available to the user in the form of object libraries without accompanying member sour ce code!

The syntax for making a derived class is to insert a semicolon after the name of the derived class followed by an access method keywor d and the name of the base class. For example, the following line declar ed the derived class Land fr om the base class V ehicle:

class Land: public V ehicle { class-member -list };

The Land class inherits all members of V ehicle class except its constr uctors and destr uctor.

A member functions in the derived can have the same name as a corresponding member function of the base a class. When this occurs we say the derived class overrides (or redefines) the base member function. By default, the overridden function is used when an object of the derived class references it.

Any derived class can serve as a base class for other derived class and thus a multi-layer class hierar chy can be constr ucted.

The far -from-scientific pr ogram on the next page illustrates some of the basic featur es of derived classes.

C++ Pr ogr amming

Page 62 of 74

Ohio Super computer Center

class Golfer { public: int rounds_per_mo; void swing() { cout << "#&%*@!\n"; } }; class Serious_Golfer : public Golfer { public: int handicap; void swing() { cout << "Ahhhhh! \n"; } }; class Pro_Golfer : public Serious_Golfer { public: float income; void swing() { cout << "It's in the hole! \n"; } }; main () { Golfer me; Serious_Golfer my_br other; Pro_Golfer john_cook; me.rounds_per_mo=1; me.swing(); my_br other.rounds_per_mo= 8; my_br other.handicap=15; my_br other.swing(); john_cook.r ounds_per_mo=20; john_cook.income=800000.00; john_cook.swing(); john_cook.Golfer::swing(); } -------------------------- #&%*@! Ahhhhh! It's in the hole! #&%*@!

C++ Pr ogr amming

Page 63 of 74

Ohio Super computer Center

Public Inheritance

You may have noticed that with all the derived class declarations seen so far the access method public has been used befor e the name of base class. Public inheritance is by far the most common form of class inheritance and is has the follow pr operties

- Public Inheritance is an "is-a" r elationship. (A Pr o_Golfer is a Serious _ Golfer also, but mor e)

- The inherited public and protected members of the base class become public and pr otected members of the derived class, r espectively

-Private members of the base class ar e inherited but are accessible only to member functions of the base class . If a member function of the derived class needs to dir ectly work with a data member of the base class, make the base class data member pr otected.

-Because of the "is-a" natur e of public inheritance, an object of the derived class may appear unambiguously in any context r equiring a base class object

-Pointers or r eferences of the base class type also can point or r efer to derived class objects.

The code on the next page demonstrates some of the points of public inheritance.

C++ Pr ogr amming

Page 64 of 74

Ohio Super computer Center

class Vehicle { int weight; public: int getweight() { r eturn(weight); } void setweight(int i) { weight=i; } }; class Land : public V ehicle { float speed; public: float getspeed() { r eturn(speed); } void setspeed(float x) { speed=x;} }; main () { Land car; // car.weight=2000; Illegal! weight is private car.setweight(2000); car .setspeed(1 10.5); Vehicle v; v=car; cout << v .getweight() << endl; Vehicle *vp; vp=&car; // vp->setspeed(65.4); Illegal! *vp only has V ehicle capabilities vp->setweight(1000); cout << car .getweight() << endl; } ----------------------- 2000 1000

C++ Pr ogr amming

Page 65 of 74

Ohio Super computer Center

Since it can be said that an object of a derived class is at the same time an object of the base class, functions which use the base class will also work when derived-class objects ar e passed as ar guments. The following code demonstrates this featur e with out V ehicle-Land class hierar chy:

class Vehicle { int weight; public: int getweight() { r eturn(weight); } void setweight(int i) { weight=i; } }; class Land : public V ehicle { float speed; public: float getspeed() { r eturn(speed); } void setspeed(float x) { speed=x;} }; void check_wt(V ehicle& v) { if(v.getweight()>2000) cout << "Y our vehicle is too heavy\n"; } main () { Vehicle blob; blob.setweight(100);

check_wt(blob); Land car; car .setweight(5000);

check_wt(car); } --------------------- Your vehicle is too heavy

C++ Pr ogr amming

Page 66 of 74

Ohio Super computer Center

Constructors and Destructors of Derived Classes

When an object of derived class is declar ed, the constr uctor for the base class is invoked first, then the constr uctor for the derived class. It is the opposite or der for destr uction. When a derived-class object goes out of scope, the destr uctor for the derived class is invoked first, then the destr uctor for the base class.

Actual ar guments to a derived-class constr uctor ar e passed in the usual way. To specify actual ar guments to the base class constr uctor, insert a colon after the derived class constr uctor ’s formal argument list, followed by the name of base class and a par enthesized list of actual ar guments. This technique is demonstrated in the following code:

class Widget { int wx; public: Widget(int a) { wx=a; } void display() { cout << "wx=" << wx << endl; } }; class Gidget : public W idget { int gx; public:

Gidget(int i, int j) : W idget(i) {gx=j;} void display() { cout << "gx=" << gx << endl; } }; main () { Gidget sally(5,33); sally.display(); sally.Widget::display(); } ----------------------- gx=33 wx=5

C++ Pr ogr amming

Page 67 of 74

Ohio Super computer Center

Mathematical Example: A veraging Data

In this C++ code the base class Data is r esponsible simply for inputting and outputting two arrays of data. The derived class- A verage- extends and reuses the Data class. In A verage, data is r ead in and averages of the data are also calculated.

class Data { protected: double *x,*y; int N; public: Data(int i=1) { N=i; x=new double [N]; y=new double [N]; } ~Data() { delete [] x; delete [] y; } void getdata(); void showdata(); }; void Data::showdata() { for(int i=0;i<N;++i) cout << "i=" << i << " x=" << x[i] << " y=" << y[i] << endl; } void Data::getdata() { for(int i=0;i<N;++i) cin >> x[i] >> y[i]; }

C++ Pr ogr amming

Page 68 of 74

Ohio Super computer Center

class A verage : public Data { double mux,muy; public:

Average(int i) : Data(i) {} ; void averagex() { double sum=0.0; for(int i=0;i<N;++i) sum += x[i]; mux=sum/N; } void averagey() { double sum=0.0; for(int i=0;i<N;++i) sum += y[i]; muy=sum/N; } void display() { cout << "A verage x: " << mux << endl; cout << "A verage y: " << muy << endl; } }; main () { Average temp(9); temp.getdata(); temp.averagex(); temp.averagey(); temp.display(); } ------------------------ Average x: 5 Average y: 51.8556

C++ Pr ogr amming

Page 69 of 74

Ohio Super computer Center

Virtual Function T erminology

In mor e traditional pr ogramming languages, the act of invoking a function is static, which means that the compiler has suf ficient information at compile-time to generate all the code necessary to implement the function call. This is called early binding of the function name to the its code.

A principal featur e of C++ is that the same function name with the same argument list can perform dif ferent actions depending of the class of the object on which its is invoked. This pr operty is r eferred to as polymorphism . In order to implement polymorphism, sometimes you must defer until r un-time the association of a specific function name with the code that implements it. When this r un-time connection occurs it is r eferred to as late binding . Finally, functions for which late binding is used ar e called virtual functions .

C++ Pr ogr amming

Page 70 of 74

Ohio Super computer Center

Virtual Functions: Syntax and Use

To declar e a member function to be virtual, pr ecede the function declaration with the keywor d virtual. Say that a base class has a virtual function and that function is overridden in derived class. When the function name is invoked by an object of the derived class, the derived class version of the function is always used , regardless of how the derived-class object is referred to . In other wor ds, when using virtual functions the meaning selected for the function depends on the class of the object rather than the way you refer to the object.

On the next two pages we have r esurr ected the Golfer class hierar chy to demonstrate the dif ference between the actions of non-virtual and virtual overridden functions.

C++ Pr ogr amming

Page 71 of 74

Ohio Super computer Center

#include <iostr eam.h> class Golfer { public: int rounds_per_mo; void swing() { cout << "#&%*@!\n"; } }; class Serious_Golfer : public Golfer { public: int handicap; void swing() { cout << "Ahhhhh! \n"; } }; class Pr o_Golfer : public Serious_Golfer { public: float income; void swing() { cout << "It's in the hole! \n"; } }; main () { Pro_Golfer jc; Golfer *gp; gp=&jc; gp->swing(); } ------------ #&%*@!

C++ Pr ogr amming

Page 72 of 74

Ohio Super computer Center

#include <iostr eam.h> class Golfer { public: int rounds_per_mo;

virtual void swing() { cout << "#&%*@!\n"; } }; class Serious_Golfer : public Golfer { public: int handicap; void swing() { cout << "Ahhhhh! \n"; } }; class Pr o_Golfer : public Serious_Golfer { public: float income; void swing() { cout << "It's in the hole! \n"; } }; main () { Pro_Golfer jc; Golfer *gp; gp=&jc; gp->swing(); } ---------------- It's in the hole!

C++ Pr ogr amming

Page 73 of 74

Ohio Super computer Center

Pure V irtual Functions

The virtual function Golfer::swing() shown on this pr evious page is an example of a simple virtual function because it is both declar ed and defined in the base class. A pure virtual function , on the other hand, is only declar ed in the base class. The (rather odd!) syntax change for a pur e virtual function is to append = 0 to the function declaration:

virtual r eturn-type func-name(ar gs) = 0;

Pure virtual functions in base classes have the following characteristics:

- No objects of the base class can be declar ed. Base class can only be used to derive other classes. - Must be overridden in each derived class - A pur e virtual function establish a function interface inherited by all derived classes - A class that declar es one or mor e pur e virtual functions is termed an abstract base class

The pr ogram on the next page makes the Golfer::swing function a pur e virtual function and thus makes Golfer an abstract base class.

C++ Pr ogr amming

Page 74 of 74

Ohio Super computer Center

#include <iostr eam.h> class Golfer { public: int rounds_per_mo;

virtual void swing()=0; }; class Serious_Golfer : public Golfer { public: int handicap; void swing() { cout << "Ahhhhh! \n"; } }; class Pr o_Golfer : public Serious_Golfer { public: float income; void swing() { cout << "It's in the hole! \n"; } }; main () { Pro_Golfer jc; // Golfer mike; Illegal! can't declar e a variable of an abstract base class Golfer *gp; gp=&jc; gp->swing(); } -------------- It's in the hole!