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Keyword Maping

¥Jaa!l C++
¥ JaaAPl! STL (& friendse.g.Boost)

¥ Generics! Templates
¥ Same syntax:

Vector<foo>! wvector<foo>

¥interfaced multiple inheritance

¥CaStinginstanceof | dynamic cast<T>
¥bnall virtual



C++:Rope to Hangourself

¥ File Lgout

¥ Globals

¥ Macios

¥ Memory Management
¥ Overriding operators
¥ Multiple Inheritance



C++ File Laout

¥In Jaaeverything @es in the. java Ple
cross-eferencejust wrkO

¥In C++,the compiler isni@o smat

¥ If one class depends on anothi®e dependent class
needs to#include the other®ble

¥ If multiple classes depend on the same, ibimight
be included mog than once

¥ Have to wrap headers with a little bit of maor

bOIIerplate + #indef INCLUDED_Foo_h_ | recommend thisdrm, assuming &
#define INCLUDED_Foo_h_ ple name®Bo.hOThis is an arbitray
: choice simpl must be unique

[* rest of the file ... */

#endif



C++ File Laout

¥ Two types of C++ bles:

¥ .h: Debnitionsdocumentationand small
Implementations

//' the venerable "Hello World!"
void sayHello();

¥ . cc: ImplementationakaOTanslation unitO

void sayHello() {
std::cout << "Hello World!" << std::endl:

}
¥ Each translation unit is compiled independentl

¥ After compilationpunits ae linked into executable



C++ File Lgout

¥In C++,classes can be completalebne:
by the .n Ple:

#include <igstream>

class. Foo {

FOO. h: public :

void sayHello() {
std::cout << “Hello World!" << std::endl;

}
5 you are going to hate this




C++ File Laout

¥ Do you want everything in the.h?

¥ Might want to impove readabilityor avoid inline
¥ Splitdefinition from implementation
#include <igstream> <« SyStem Header

class Foo {
public :
void sayHello();

J§

FOO0.h:

#include "Foo.h" <~ lJser Header

void Foo::séa yHello() {

stdicout < "Hello World!" << std::endl:
}

Scope Specibcation

FOO.CC:




Template Usage

¥ Allows a class to bee-used with a
variety of types

¥ Canonical exampleector

¥ Want to store a resizable any of dataput it doesniC
realy matter what the data is

¥ vector<T>,where T is ary type:vector<int>,
vector<string>, vector<Foo>,elC.

¥ A class mamale assumptions about typefabilities
of its template argument N esults in cyptic
compliler erors when the wong type Is passed.



Template Usage

Code:

#include <vector> (1’
using namespace std; 2
3
int main ( int argc, char * const argv(]) { g
. 6
vector< int>v; 7
for (int i= 0; i< 10; ++i) 08 .
o . ' 9 :
__________ v-push_back(); [leach callstoresacopyofi | The 0th element is: 0 |
: ' The 1th element is: 1
/literator usage 5 i The 2th element is: 2
for (v ector< int >:iter atorit=v .begin(); it'=v  .end(); ++it) 5 e S leet e o
< Hit < d- : EThe 4th element is: 4
cout | endl, : ' The 5th element is: 5
T i ' The 6th element is: 6
' Jlindexed usage : The 7th element is: 7
for (int i= 0: i<v .siz e(); ++i) + The 8th element is: 8
: - y . ] . . .. ................ : EThe 9th element is: 9 :
cout<< '"The" <<i<< "thelementis:" << V[i] << endl; N '
return O;




C++ Memory Management

¥ For every new, there should be @elete
¥ Arrays hae to use@elete []10

int *a= new int[10];
|
delete [] a;

¥ Don®usemalioc / free (the old C-style)

¥ These functions dohfespect constructors or
destructors,can cause all kinds of nastyoprems.

10



Pointers vsRekrences

¥ When you have a pointerprepend®0 to
access the value pointed,nd usé3>0
Instead ofDO to access members.

¥ Rekrences abays return the referenced
value

¥ Ccantreassign aaference must debne at &ation

¥ AnOarayO is just a pointer to the Prst
element (no ealOarayO type)
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Pointers vsRekrences

Pointers

Int * pi;

char ** ppc;
int*ap[ 15];
int * f( char *);

char c= 'a’;
char * p = &c;
char c2 = *p;
*p = 'b':

p = &C2;

/l pointer to int

Il pointer to pointer to char

/[ array of 15 pointers to ints

/l function taking a char* argument; returns a pointer to int

/l p holds the memory address of ¢

[[c2=="a

/[ c=="b" , c2 unaffected

/l p now holds the address of c2: *p == ¢2 =="a’, ¢c==0b0O

Retrences

int & pi;

char && ppc;
int & ap[ 15];
int & f( char &);
char c= 'a’;
char & p =c;
char c2 =p;

p — lbl;
p=c2;

Il lllegal (uninitialized reference)

Il lllegal (no reference to reference)

/[ illegal (can't create array of references)

/l legal! Function taking a char&, returns a reference to int

I/l p now references c

/[l c2 =="a'
/[l c=="b" , c2 unaffected
/[c=="a" , pstillreferencesc: p==c==c2=="a'

adpndup] Suiwwpisold ++9 3y dnnsnanssyuey |
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Pointers vsRekrences

class Foo {
public :
Int member;
string getName() const { return "Foo" ;}

%

FOoO a;
Foo&r=a; //reference
Foo*p =4&a; //pointer

cout << "Access via value: "
<< a.getName() << "is " << a.member << endl;

cout << "Access via reference: "
<<r .getName() << "iIs"  <<r .member << endl;

cout << "Access via pointer: "
<< p->getName() << "Is" << p->member << endl;
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Value vsPointer vs.Retrence

¥ When creating functionsjou have 3
choices or each argument

1. Pass P value (default)
¥ A copy Is made of each argumeatjginal untouchable
¥ Best br primitive valueshut nothing else

// good
int f(int x);

// bad, unnecessary copying, slicing (will be explained)
void drawShape(Shape s, T ransform t),

// bad, vector does a deep copy -- could be large
void setV alues(v ector< int > v);
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Value vsPointer vs.Retrence

¥ When creating functionsjou have 3
choices or each argument

2. Pass b reference (pointer)
¥ Best when gu want to allav NULL as a valid argument
¥ Sometimes implies passing cantof the memow® allocatior

// only good if you intend to take an array
int f(int * x); //better to say 'f(int X[])' to be clear

// bad use for Shape, requires a value
// good use for Transform, NULL would be acceptable
void drawShape(Shape *s, T ransform * t);

/l bad, a OsetO function requires a non-NULL value

void setV alues(v ector< int >* v); 15



Value vsPointer vs.Retrence

¥ When creating functionsjou have 3
choices or each argument

3. Pass Y reference (eference)
¥ Best br everything else

I/ overkill, unless you intend to modify the value passed
/Il (e.q. if there are multiple values to return)
int f( int & x);

// good use for Shape, but now Transform is required
// (consider overloading the function)
void drawShape(Shape& s, T ransformé& t);

// good
void setV alues(v ector< int >& v);
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Value vsPointer vs.Retrence

¥ Don®forget GonstO!

¥ Get in the habit of usingonst by defaultremoving
It when necessar

¥ Sy you are creating a functiofuckO which is not
supposed to modify the value 1t Is passed

v oid muck(F oo f); //bad, how big is 'Foo'?
v oid muck(F oo& f); //bad, might accidentally modify original
v oid muck( const Fooé& f); //good - no copy, and still read-only

¥ On a related noteif muck is a member of a clasad
should not modify the class:

v oid muck( const Foo& f) const;
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Value vsPointer vs.Retrence

¥ Thusthe ideal function depnitions:

// weOll assume f doesnOt intend to return a value in x
Int f(int x);

// pass Shape by const reference and optional Transform by pointer
void drawShape( const Shape& s, const Transform *t= NULL);
// or use overloading:

void drawShape( const Shape& s);

void drawShape( const Shape& s, const Transformé&t);

// last one...
void setV alues( const vector< int>& v);
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Value vsPointer vs.Retrence

¥ Don®return references to local variables

Shapeé& unif y(const Shape& sl, const Shape& s2) {
Shape ans;
ans = /[* however union is done... */
return ans; // BZZZT, error:
/[ ans is disappearing, how can it be referenced?

}

¥ Have to either return a member variabjer allocate
on the heg (caller Is esponsibledr deletion)

Shape* unif y(const Shape& sl1, const Shapeé& s2) {
Shape *ans=  new Shape();
*ans = [* however union is done */
return ans; // caller has to delete

}
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GotchasSlicing

¥ Slicing
¥ Store pointers when inheritance mabe possible

¥ can(store referencesno way to reassign them

¥ Sy you hae vector<Foo>. What hgppens when
you inset a subclass with atktional Pelds?

class Foo { class Bar: public Foo {
public : public :
Int I, Int X; :
! ! |
} I Foo

—— Bar| i | x
Int main ( int argc, char * const argv(]) {

vector<F oo>v; //vector of OF0o0oOs VI o 1 2 3

v.push_back(Bar());  //insert a OBarO
}
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GotchasSlicing

¥ Slicing
¥ Store pointers when inheritance mabe possible

¥ can(store referencesno way to reassign them

¥ Sy you hae vector<Foo>. What hgppens when
you inset a subclass with atktional Pelds?

class Foo { class Bar: public Foo {
public : public :
Int I, Int X; :
! ! |
} I Foo

iInt main ( int argc, char * const argv[]) {

vector<F oo>v; // vector of OF000s VI i 1 2 3
v.push_back(Bar());  //insert a OBarO _Q>

}
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GotchasSlicing

¥ Slicing
¥ Store pointers when inheritance mabe possible

¥ can(store referencesno way to reassign them

¥ Sy you hae vector<Foo>. What hgppens when
you inset a subclass with atktional Pelds?

¥ Answer: Very bad things: the adlitional belds & cut off
-- only the®o0O pdion is stored (at best!)

¥ This is calle®slicingd

¥ Usevector<Foo*> insteadnow elements can be
arny subclass.
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Gotchaschar* VS.string

¥ Remember an aay is a pointer to the
prst element.

¥ C used an amy of charsterminated ly
O00 (ak&DO) as Its striegresentation.

¥ strcpy(),strcat(),strcmp(), E

¥ Sometimes elegariiut sometimes inefpcierstnd
error prone to boot

¥ Better than its contemporariefascal-style strings
store the length in the brstyie, limited to 256
characters.
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Gotchaschar* VS.string

¥ C++ has a better ideatring class
¥ souped-upvector<char>

¥ Can automaticafl create astring from
achar*

v oid print( const string& s);
print( "foo" ); // works! (compiler implicitly calls string constructor)

¥ But hae to explicity request achar*
from astring

v oid print( const char * s);

string s= "foo" ;

print(s); //doesn't work

print(s.c_str());  //the solution: call  c¢_str()
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Scratching the Surface

¥ Further reading:
¥ The C++ Programming Language, Bjarne Stoustrup

The debpnitie, practicaland insightfuleference fom the languageGeator

¥ Effective C++ : 55 Specific Ways to Improve Your
Programs and Designs, Scott Mey/ers

Don®learn the Pne points the hdrway, read this instead(Others in his series
also ecommended)

¥ An STL Reference (I don®have any particular favorite)

Stroustrup®book is a god introduction to the STL highlightsut there®a lot
to be expanded on.
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