CMSC 425 Dave Mount

CMSC 425: Lecture 7

Tips on Programming in C++
Thursday, Feb 14, 2013

Reading: See the links at the end of this document for resources on the Web.

Overview: This is a brief overview of C++, for people who know Java and C. We wdlfs particularly on
aspects of C++ that will be the most useful for graphics and game progireg. We will also focus
on the aspects of C++ that are different from C and Java.

Primitive types and pointers: In Java, everything is either a primitive type (int, char, float, etc.) or an
object. Objects in Java are essentially references to objects. C++ inhebigsitstypes from C, and
adds an two additional typedasses andreferences. The C++ types include primitive types (int, char,
float etc.), enumerations, C-style structures and classes, pointenefarehces. As in C, a pointer
is an address in memory, and an array is a pointer to the first element ofagn e will discuss
references later.

Constants and Enumerations: One interesting feature of C++ is the ability to declare that an object is
constant. This means that, once initialized, its value cannot be changedavbiis the need for
many #define  constants that crop up in many C programs (which are not type chechkdd} a
analogous tatatic final in Java. Here is an example:

const float FREEZING_POINT = 32.0;
const int WINDOW_WIDTH = 800;
const int WINDOW_HEIGHT = 300;
const char QUIT = 'q;

By convention, constants are expressed using ALL CAPITAL letters.

A common use for constants is for indicating quantities that take on a discteté\sdues. As in
C and never versions of Java, C++ offeraimerations, which provide an easy way to define such
constants. Here are some examples:

enum DayOfWeek { SUN, MON, TUE, WED, THU, FRI, SAT }
enum GameState { RUNNING, PAUSED, FINISHED };

DayOfWeek today = TUE;
GameState gameState = PAUSED;

Classes: Class syntax in C++ is quite similar to Java. (Note however, that a semicolorcedpdd the end
of a C++ class.) As in Java, class members may be public (accessible #yjepnavate (accessible
only internally), or protected (accessible only internally or by derivedsda). Unlike Java, it is
possible to define class methods outside the class body as well as inside-+(lnl&s methods are
usually calledmember functions.)

Homm e s
/I This would appear in file Vector2d.h

e L e
class Vector2d {
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public:
Vector2d() { x =y = 0; } /I default constructor
Vector2d(double xx, double yy); /I constructor

double getX() { return x;
double getY() { return vy;
void setX(double xx) { x

/I getters

xx; } [/l setters

[ et

void setY(double yy) {y = vyy; }

Vector2d addTo(Vector2d v); /l add to vector v
private:

double x; /I member data

double vy;

k

We have defined the getters and setters inside the class. We have chdstneohe constructor and
theaddTo function outside the class (see below).

e et
/I This would appear in file Vector2d.cpp

e e
#include "Vector2d.h"

Vector2d::Vector2d(double xx, double yy)

{x=xx; y=yy }

Vector2d Vector2d::addTo(Vector2d v)
{x += vx; y += wvy; }

Notice that, when outside the class, it is necessary to usectipe resolution operator, “:: ", to
indicate that a name is associated with a particular class. Thus, when we ithefifunctioraddTo
outside the class, we need to spedifgctor2d::addTo , so the compiler knows we are talking
about a member of Veector2d.

What why would you prefer defining a member function outside a class tatlkgr than inside? Most
C++ style manuals insist thatl member functions be defined outside the class. The rationale is that
a user should see only the public interface, not the implementation. If yawedefiunction within

the class, it should be very short, no loops or conditionals. C++ takefiratide inside the class
body to be a hint that this should be antine function, which means that the function is expanded,
rather than being called. This produces more efficient code, but@ixeesse of this feature results in
unnecessarily long executable files (so called, “code bloat”).

Stream I/O: Input and output in C++ is performed by the operatersand<<, respectively. The standard
output stream is calleccout ” and the standard stream is calledrf ”. Here is a simple example.

int x, vy;
cin >> x >>vy; /I input x and y
cout << "The value of x is " << x << " and y is " << y << "\n";

The character\h ” generates an end-of-line. It is also possible to use standard C I/Qf(prid
scanf), but it is not a good idea to mix C++ stream 1/O with C standard I/O inahmgrogram.
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Include files and namespacesFollowing C’s convention, declarations are stored in files ending in “.h”
and most code is stored in files ending in “.cpp” or “.cc”. Objects like cin and are defined by the
system. At the start of each program, it is common to begin with a number ofidégthat include
common system declarations. Here are some of the most useful ones.

#include <cstdlib> /I standard definitions from C (such as N ULL)

#include <cstdio> /I standard 1/O for C-style /O (scanf, pr intf)

#include <cmath> /I standard C math definitions (sqrt, sin, etc.)
#include <iostream>  // C++ stream 1/O

#include <string> /I C++ string manipulation

#include <vector> /I C++ STL vector (an expandable vector ob ject)

#include <list> /I C++ STL list (a linked list)

In order to keep your program names from clashing with C++ progrgectt) many named entities
are organized intmamespaces. Most system objects are stored in a namespace caled™ This
includes, for examplesin  andcout , mentioned above. To access objects from this namespace, you
need to use a scope resolution operator, “::". For example, to reéar tpyou would usestd::cin

and the refer t@out you would usestd::cout . To avoid this extra verbiage, you can invoke the
“using ” command to provide direct access to these names.

using std::cin; /I make std::cin accessible
using std::cout; /I make std::cout accessible
using namespace std; /I make all of std accessible

Memory Allocation and Deallocation: One of the principal differences with C++ and Java is the need to
explicitly deallocate memory that has been allocated. Failure to deallocate merabtyathbeen
allocated results in anemory leak, which if not handled, can cause your program to exhaust all its
available memory prematurely and crash. As in Java, memory is allocatednesingThis returns
a pointer to the newly allocated object. Unlike the primitive C functioalloc , the new operator
returns an object of the specified type, and performs initialization by ingoltia constructor. For
example, to allocate an object of typector2d , we could do the following.

Vector2d * p; /l p is a pointer to a Vector2d

p = new Vector2d(3, -4); /I allocate vector, initialized to ( 3,-4)
p->setY(2.6); /I set its y-coordinate to 2.6

cout << p->getX(); /I print its x-coordinate

delete p; /I deallocate p’s memory

Recall from C that, when dealing with pointers, the ‘bperator is used to dereference its value and
if p is a pointer to a structure or class, thgn*xxx ”is used to access member xxx.

Array Allocation: It is also possible to useew anddelete to allocate arrays. This is a common way
to generate vectors whose size is known only at execution time. When dedetthgan array, use

“delete [] ”. Hereis any example.
int n = 100;
Vector2d * p = new Vector2d[n]; /I allocate an array of n vectors
p[5] = Vector2d(3, -4); Il set p[5] = (3,-4)
delete [] p;

Lecture 7 3 Spring 2013



CMSC 425 Dave Mount

Constructors and Destructors: The most common place where memory is allocated and deallocated is
when classes are first constructed or destroyed, or in class membé#ofisnthat insert new entries
into a dynamic object. If a class allocates memory, it is important that when treabject ceases
to exist, it must deallocate all the memory that it allocated. Whenever an obgeubig to cease to
exist (e.g., the scope in which it was defined is exiting), the system automaimmalkes a special
class function called destructor. Given a clas¥, the corresponding destructor is nam&d Here is
a simple example, of a class, which allocates an array.

class VectorArray {
public:
VectorArray(int capac); /I constructor
Vector2d at(int i) { return A[i]; }
/I some functions omitted...

“VectorArray(); /I destructor

private:
int n; /[ array capacity
Vector2d * A; /I array storage

3
/I constructor
VectorArray::VectorArray(int capac) {

n = capac;
A = new Vector2d[n]; /I allocate array storage
}
VectorArray::"VectorArray() {
delete [] A; /I deallocate array storage
}

Note that you do not invoke the destructor (in fact, you can't). The sysiges it automatically.

Using STL Data Structures to Avoid Memory Allocation: Memory allocation and deallocation is a pain,
and it is easy to make mistakes, which can result in memory leaks or attemptingegs @cpointer
that references a piece of memory that has been deleted. There is &abipaasy way to avoid
memory allocation and deallocation.

A remarkably large amount of memory allocation and deallocation arises wdedmgl with very
common dynamic structures, such as vectors, lists, hash-maps, and th8yikector, | mean a
variable-sized array (which may be appended to), andshy mean a doubly linked list. Rather than
going through the hassles of implementing your own dynamic structures frmatch, and dealing
with the headaches of memory allocation and deallocation, it is much simpler to eidmiittzin
vector and list types provided by the C8andard Template Library, or STL. The STL provides data
structures for a number standard containers, such as stacks, gdegess (double ended queues),
vectors, lists, priority queues, and maps.

One of the important features of the STL is that each data structure caro$fects of any one type.
Such a class whose definition depends on a user-specified type is ctdfeplae. The type of the

object being stored in the container is given in angle brackets. For exawglsould define vectors
to hold 100 integers or 500 characters as follows:

#include <vector> Il class vector definitions
using namespace std; /I make std accessible
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vector<int> scores(100); /I a vector of (initially) 100 int egers
vector<char> buffer(500); /I a vector of (initially) 500 ch aracters

Here are a couple of examples of how to use an STL vector.

int n = 100;

vector<int> mylnts(n); /I a vector with 100 ints

vector<Vector2d> myVects; /I an empty vector of Vector2d ob jects
myVects.push_back(Vector2d(1,5)); // use push_back to ap pend items
mylints[5] = 14; /Il use "[]" to index entries

myVects[0].setX(2); /I invoke a method on an element

STL vectors and lists provide too many capabilities to be listed here. | will y@fetto online docu-
mentation for more details. There are a number of other useful STL datausts, including dictio-
naries and priority queues.

STL vectors are superior to standard C++ arrays in many respects, dsirgith arrays, individual
elements can be indexed using the usual index operatpr)( They can also be accessed by ¢he
member function, which also performs array bounds checking. (As imr&@ysin C++ do not even
know their size, and hence range checking is not even possible.) trasgravector object’s size
is given by itssize  member function. Unlike standard arrays, aetor object can be assigned
to another, which results in the contents of eeetor object being copied to the other.\&ctor

can be resized dynamically by calling ttesize  member function. Here are some examples:

int i =/ ..

cout << scoresli]; /I index (range unchecked)

buffer.at(i) = buffer.at(2 * ), /I index (range checked)

vector<int> newScores = scores; /I copy scores to newScores
scores.resize(scores.size() + 10); // add room for 10 more e lements

Another handy STL container is the list, which implements a doubly linked list. idér@w to declare
a list of floats. By default, the initial list is empty.

#include <list> /I class list definitions

using namespace std,; /I make std accessible
list<float> myList; /I an (initially empty) list of floats
myList.push_back(5); /I append 5 to back of the list
myList.push_front(2); /I prepend 2 to the front of list
myList.pop_back(); /I remove the last elements (5)

List supports operations suchgige (number of elementsgmpty (is the list empty?)front and
back (return reference to first/last elemenfsish _front andpush _back (insert to front/back),
pop _front andpop _back (remove from front/back).

Iterators: The STL container classes introduced above all define a specialatssiociass called aitera-
tor. An iterator is an object that specifies a position within a container and whestdiswed with the
ability to navigate to other positions. j#fis an iterator that refers to some position within a container,
thenxp yields a reference to the associated element.
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Advancing to the next element of the container is done by incrementing th&oitefeor example,
either ++p or p++ advance® to point to the next element of the container. The former returns
the updated value of the iterator, and the latter returns its original valuén &Bc container class
provides two member functionBegin andend, each of which returns an iterator for this container.
The first returns an iterator that points to the first element of the containéithe second returns an
iterator that can be thought of as pointing to an imaginary elefuenibeyond the last element of the
container.

Let us see how we can use iterators to enumerate the elements of an STiherafitaSuppose, for
example, tha€ is of typevector<int> | thatis, itis an STL list of integers. The associated iterator
type is denotedvector<int>::iterator ". For example, the code below demonstrates how to
sum the elements of an STL vectdrusing an iterator.

vector<int> v;

typedef vector<int>:iterator Iterator; /I iterator type
int sum = 0;
for (Iterator p = v.begin(); p !'= v.end(); ++p) {
sum += xp;
}

cout << "The sum of elements in the list is " << sum << "\n";

Different containers provide iterators with different capabilities. MoSL $ontainers (including
lists, sets, and maps) provide the ability to move not only forward, but barckas well. For such
containers the decrement operaterg andp-- are also defined for their iterators. This is called a
bidirectional iterator.

A few STL containers (including vectors and deques) support the additfeature of allowing the
addition and subtraction of an integer. For example, for such an itepatbe valuep + 3 references
the element three positions affein the container. This is calledrandom-access iterator. As with
pointers, care is needed in the use of iterators. For example, it is up toodpe@aprmer to be sure that
an iterator points to a valid element of the container before attempting to daveéeit. Attempting to
dereference an invalid iterator can result in your program abortingnéigioned earlier, iterators can
beinvalid for various reasons. For example, an iterator becomes invalid if the poitibit refers to
is deleted.

C++11 and Range For Loops: The iterator syntax is quite messy. The latest version of C++, called C++11,
has a vastly simpler way in which to iterate through STL structures. In C+héJrevious code block
would be written as follows.

vector<int> v;

int sum = O;

for (int x : v) {
sum += Xx;

}

cout << "The sum of elements in the list is " << sum << "\n";

C++11 is supported in Visual Studio 2013 and the latest releases of thecGGller.

References:In C, all parameter passing to functions is perforrogdalue. This has two important impli-
cations. First, altering the value of an formal parameter inside a functiondaffect on the actual
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parameter in the calling function. If you want to modify the value of a paramgberneed to pass
a pointer to the parameter. This is messy, since it implies that the function nedelgaterence the
resulting parameter whenever it uses it. Second, passing a large ctgscture to a function means
that its entire contents will be copied. This can be inefficient for very latgectures. (Note that this
does not apply to C++ arrays, however, since an array is just a painitsrfirst element. However,
this would apply if you were to pass an STL vector by value. Such an tipersould involve making
a duplicate copy of the entire vector.)

In Java, this was handled very elegantly by making all objects in refesenidsus, small primitive
types, such as int and float are passed by value, and all objectssaexiday reference. If it is desired
to change the value of a primitive type, standard wrappersiiileyer were defined.

In C++, this issue was addressed by defining a special type, caliefdrance. The following line

defines the variabléto be an integer, andto be a reference to this integer. All references tare
effectively “aliases” to references 1o

int i = 34;
int& r = 1i; /Il r is an alias for i
r = 27, /I this is equivalent to i = 27

References are rarely used as shown above. Instead, they anipaihinused for passing parameters,
“by reference” to functions. A reference parameter has two advastager a value parameter. First,
it can be modified (without any messy pointer de-referencing) and it is aefficeent for class objects,
since only the address of the object (not the entire object) needs to eyeaito the function.

void f(int& r, Vector2d& u) {

r = 27, /I changes the actual parameter to 27
u.setY(4); /I alters y-coordinate of actual parameter
}
/I ... in your main program
int i = 34;

Vector2d v(2, 1);
f(i, v);
cout << i << " " << v.getY() << "\n"; // outputs "27 4"

Although passing class objects by reference is more efficient than bg,vahas the downside that
the function may inadvertently modify the value of the parameter, without the itmmbeing able to
detect it. To handle this, C++ allows for something calledstant reference, which is a reference to
an object that can be read, but not modified. Since the above functesnid modify its arguments,
it would more aptly be written in the following form:

Vector2d add(const Vector2d& u, const Vector2d& v) {
return Vector2d(u.getX() + v.getX(), u.getY() + v.getY()) ;

}

To get this to work, we should inform the compiler that the functigesX() andgetY() are
not allowed to modify the class variables. To do this, we would add the moddierst ” to their
function definitions.
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Operator Overloading: One of the nicest features of C++ when dealing with geometric objects (points
vectors, rectangles, etc) is the ability to redefine standard operatonsasaddition (*+”), subtraction
("- "), multiplication ("+"), and division (7 ") and other operations, such as input¥”) and output
("<<"). Suppose we want to define an addition operator that adds two vedtdescould do it as
follows:

Vector2d operator+(const Vector2d& u, const Vector2d& v) {
return Vector2d(u.getX() + v.getX(), u.getY() + v.getY() ;
}

This would allow us to perform arithmetic on vectors, a¥ector2d w = u + v
Here is an example how to define an output operator for Vectors.

ostream& operator<<(ostream& out, const Vector2d& p) {

Out << II(II << p.getx() << II, n << p.getY() << II)II;
return out;
}
To output a vertex, we could then writeut << "The vector v is " << v Afo=(2,1),

then this would generate the outpditfe vector v is (2, 1)

While operator overloading is cool, it should be used sparingly, and ohinvthe meaning of an
operation is clear.

More information: There are a number of resources on the web, which can be foundimhsey for “C++
for Java programmers”. Here are some examples:

http://www.cs.williams.edu/"lenhart/courses/cs371/c ++forjava.html
http://www.icce.rug.nl/documents/cplusplus/

For a brief survey of the new features of C++11, see

http://www.cprogramming.com/c++11/what-is-c++0x.htm I
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