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C++ Overview

C++ wasdesignedat AT&T Bell Labsby Bjarne Stroustrupin the ealy
80's

{ The original cfront translatedC++ into C for portability
However,this was di cult to debugand potentially ine cient

{ Many native host machinecompilersnow exist
e.g, Borland, DEC, GNU, HP, IBM, Microsoft, Sun, Symantec,etc.

C++ is a mostly upwardly compatibleextensionof C that provides:

1. Strongertypechecking

2. Supyport for data abstraction

3. Supyort for object-aiented programming
4. Support for genericprogramming

H . . g)r n&u ,:
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C++ Design Goals

As with C, run-time e ciency is important

{ Unlike other languageqe.g, Ada) complicatedrun-time libraries
havenot traditionally beenrequiredfor C++
Note, that thereis no language-spci ¢ support for concurrency
persistencepr distribution in C++

Compatibility with C libraries & traditional developmentoolsis
emphasizede.g,

{ Object code reuse

The starage layout of structuresis compatiblewith C
e.g, support for X-windows, standad ANSI C library, &

UNIX/WIN32 systemcallsvia extern block
{ C++ works with the makerecompilationutility

s)r n!u f:
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C++ Design Goals (cont'd)

\As closeto C aspossible,but no closer"

{ i.e, C++ isnot a proper supersetof C! backwards compatibility is
not entirely maintained
Typically not a problemin practice...

Note, certain C++ designgoalscon ict with moderntechniquesfor:

1. Compileroptimization
{ e.g., pointersto arbitrary memay locationscomplicateregister

allocation & garbagecollection
2. Software engineering

{ e.g, sepaate compilationcomplicatesinlining dueto di cult y of

interproceduralanalysis
{ Dynamicmemay managemenis erra-prone

AN GO
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Major C++ Enhancements

1. C++ supports object-aiented programmingfeatures

e.g, abstractclassesinheritance,& virtual methods
2. C++ supports data abstraction& encapsulation

e.g, the classmechanism& namespaces
3. C++ supports genericprogramming

e.g, paameterizedtypes
4. C++ supports sophisticatederrar handling

e.g, exceptionhandling
5. C++ supports identifying an object's type at runtime

e.g, Run-Time Type Identi cation (RTTI)

s)r n!u f:
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Important Minor Enhancements

C++ enfacestype checkingvia function prototypes
Providestype-safelinkage
Providesinline function expansion

Declae constantsthat can be usedto de ne static array boundswith
the const type quali er

Built-in dynamicmemay managementvia new& delete operatas

Namespaceontrol

nﬁur:
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Useful Minor Enhancements

The nameof a struct , class , enum or union is a type name
Referencesllow \call-by-reference"parametermodes

New type-secureextensibleiostreamsl/O mechanism

\F unction call"-style cast notation

Severaldi erent commentingstyles

New mutable type quali er

New bool booleantype

GO
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Questionable Enhancements

Default valuesfor function parameters
Operata & function overloading

Variable declaations may occur anywherestatementsmay appea
within a block

Allows user-de nedconversionoperatas

Static data initializersmay be arbitrary expgessions

nﬁur:
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Language Features Not Part of C++

1. Concurrency

\Concurrent C" by Gehani
Actor++ model by Lavender& Kafura

2. Persistence

Object Store, Versant, Objectivity
Exodus system& E programminglanguage

3. GabageCollection

USENIXC++ 1994 paper by Ellis & Detlefs
GNU g++

4. Distribution
CORBA,RMI, COM+, SQAP, etc.

. . . s)r n&u f:
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Strategies for Learning C++

Focuson concepts& programmingtechniques

{ Don't getlost in languagefeatures
Lean C++ to becomea better programmer

{ More e ective at designing& implementing
{ DesignPatterns

C++ supports many di erent programmingstyles
Lean C++ gradually

{ Don't haveto know everydetail of C++ to write a good C++
program

nﬁur:
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Stack Example

The following slidesexamineseveralalterative methods of implementing
a Stack

{ Beginwith C & evolveup to various C++ implementations
First, considerthe \bare-bones" implementation:
typedef int T;

#define MAX_STACKOO /* const int MAX_STACK 100; */
T stack]MAX_STACK];

int top = O;
T item = 10;
stack[top++] = item; // push

item = stack[--top]; Il pop

Obviouslynot very abstract...

AT G
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Data Hiding Implementation in C

De ne the interfaceto a Stack of integersin C in Stack.h:

[* Type of Stack element. */
typedef int T;

[* Stack interface. */
int create (int size);
int destroy (void);
void push (T new_item);
void pop (T *old_top);
void top (T *cur_top);
int is_empty (void);

int is_full  (void);

s

(
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Vanderbilt University s\ . 11




An Overviewof C++ DouglasC. Schmidt

Data Hiding Implementation in C (cont'd)
[* File stack.c*/

#include "stack.h"

static int top_, size ; /* Hidden within this file. */
static T *stack_;

int create (int size) {

top_ = 0; size_ = size;
stack_ = malloc (size * sizeof (T));
return stack ==07? -1 : 0;
}
void destroy (void) { free ((void *) stack ); }
void push (T item) { stack Jtop ++] = item;}
void pop (T *item) { *item = stack [--top_]; }
void top (T *item) { *item = stack [top_ - 1]; }
int is_empty (void) { return top_ ==0; }
int is_full  (void) { return top_ == size ; }
8 .-nﬁu,:
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Data Hiding Implementation in C (cont'd)
Usecase

#include "stack.h"
void foo (void) {
T
push (10); /* Oops, forgot to call create! */
push (20);
pop (&i);
destroy ();

Main problems:

1. The programmermust call create() rst & destroy() last!
2. Thereis only one stack & only onetype of stack

3. Namespacepollution...

4. Non-reentrant

o D) (3.
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Data Abstraction Implementation in C

An ADT Stack interfacein C:

typedef int T;
typedef struct { size_t top_, size_; T *stack_;

int Stack create (Stack *s, size t size);
void Stack destroy (Stack *s);

void Stack push (Stack *s, T item);

void Stack pop (Stack *, T *item);

/* Must call before pop'ing */

int Stack_is_empty (Stack *);

[* Must call before push'ing */

int Stack_is_full  (Stack *);

* .. %

} Stack;

DPDHGHO
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Data Abstraction Implementation
An ADT Stack implementationin C:

#include “stack.h"
int Stack create (Stack *s, size t size) {

s->top_ = 0; s->size_ = size;
s->stack_ = malloc (size * sizeof (T));
return s->stack. ==07? -1 : 0;

}
void Stack destroy (Stack *s) {

free ((void *) s->stack );
s->top_ = 0; s->size_ = 0; s->stack_ = 0;
}
void Stack push (Stack *s, T item)
{ s->stack_[s->top_++] = item; }
void Stack pop (Stack *s, T *item)
{ *item = s->stack_[--s->top__]; }
int Stack is_empty (Stack *s) { return s->top_

in C (cont'd)

DHGIO
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Data Abstraction Implementation in C (cont'd)
Usecase

void foo (void) {
Stack sl1, s2, s3; /* Multiple stacks! */
T item;
Stack_pop (&s2, &item); /[* Pop'd empty stack */

/* Forgot to call Stack create! */
Stack _push (&s3, 10);

s2 = s3; [* Disaster due to aliasing!!! */

/* Destroy uninitialized stacks! */
Stack_destroy (&sl); Stack_destroy (&s2);

}
E AT G
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Main problems with Data Abstraction in C

1. No guaanteedinitialization, termination, or assignment
2. Still only onetype of stack supported
3. Too much overheaddueto function calls
4. No generalizecerra handling...
5. The C compilerdoesnot enface information hiding e.g,

sl.top_ = s2.stack_[0]; /* Violate abstraction */

s2.size_ = s3.top_; /* Violate abstraction */

N D-C-C
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Data Abstraction Implementation in C++
We can get encapsulatiorand more than one stack:

typedef int T;

class Stack {

public:
Stack (size t size);
Stack (const Stack &s);
void operator= (const Stack &);
~Stack (void);
void push (const T &item);
void pop (T &item);
bool is_empty (void) const;
bool is full  (void) const;

private:
size_t top_, size ;
T *stack_;
h
AT G
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Data_Abstraction Implementation in C++ (cont'd)
Manageroperatlons

Stack::Stack (size_t s): top_ (0), size_ (s), stack_(new T[s]) {}

Stack::Stack (const Stack &s)
. top_ (s.top_), size_ (s.size_), stack_ (new T[s.size_]) {

for (size_t i =0; i <s.size_; i++) stack [i] = s.stack [i];
}
void Stack::operator = (const Stack &s) {
if (this == &s) return;
T *temp_stack = new T[s.size_]; delete [] stack_;
for (size_t i =0; i <s.size_; i++) temp_stack[i] = s.stack [i];
stack_ = temp_stack; top_ = s.top_; size_ = s.size_ ;
}

Stack::~Stack (void) { delete [] stack ; }

N D-C-C
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Data Abstraction Implementation in C++ (cont'd)
Accesso & worker operations

bool Stack:is_empty (void) const { return top_ ==0; }
bool Stack::is_full (void) const { return top_ == size ; }
void Stack:push (const T &item) { stack [top_++] = item; }

void Stack:pop (T &item) { item = stack [--top_]; }

Vanderbilt Universiy 20
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Data Abstraction Implementation in C++ (cont'd)
Usecase

#include "Stack.h"
void foo (void) {
Stack s1 (1), s2 (100);
T item;
if ('sl.is_full 0)
sl.push (473);
if (!s2.is_full 0)
s2.push (2112);
if (Is2.is_empty ()
s2.pop (item);
/I Access violation caught at compile-time!
s2.top_ = 10;
/I Termination is handled automatically.

Vanderbilt Universiy 21
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Benets of C++ Data Abstraction Implemenation
1. Data hiding & data abstraction,e.g,

Stack sl (200);
sl.top_ = 10 // Error flagged by compiler!

2. The ability to declae multiple stack objects
Stack sl1 (10), s2 (20), s3 (30);

3. Automatic initialization & termination
{

Stack s1 (1000); // constructor called automatically.
In ..
/I Destructor called automatically

}
Vanderbilt Universiy 22
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Drawbacks with C++ Data Abstraction Implementation

1. Error handlingis obtrusive

Useexceptionhandlingto solvethis (but be careful)!

2. The exampleis limited to a singletype of stack element(int in this case)

We canuseC++ \parameterizedtypes" to removethis limitation

3. Function call overhead

We can useC++ inline functionsto removethis overhead

Vanderbilt Universiy 23
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Exception _Handling Imglementation in C++ (cont'd)
C++ exceptionssepaate erra handlingfrom normal processing

typedef int T;
class Stack {

public:
class Underflow { /* .. * }
class Overflow { /* ... * }

Stack (size t size);

~Stack (void);

void push (const T &item) throw (Overflow);
void pop (T &item) throw (Underflow);

bool is_empty (void) const;

bool is full  (void) const;

private:
size_t top_, size ;
T *stack_;
h
Vanderbilt Universiy 24
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Exception Handling Implementation in C++ (cont'd)

Stack.cpp

void Stack::push (const T &item) throw (Stack::Overflow)
{

if (is_full 0)

throw Stack::Overflow ();

stack_[top_++] = item;

}

void Stack:pop (T &item) throw (Stack::Underflow)
{
if (is_empty ()
throw Stack::Underflow  ();
item = stack [--top_];
}

Vanderbilt Universiy 25
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Exception Handling Implementation in C++ (cont'd)
Stack.cpp

Stack::Stack (const Stack &s):

. top_ (s.top_ ), size_ (s.size ), stack_ (0) {
scoped_array<T> temp_array (new T[s.size_]);

for (size_t i =0; i <s.size_; i++) temp_array[i] = s.stack [i];
temp_array.swap (stack );
}
void Stack::operator = (const Stack &s) {
if (this == &s) return; // Check for self-assignment
Stack t (s);
std::swap (ttop , top));
std::swap (tsize_ , size);
std::swap (t.stack_, stack);
}
Vanderbilt Universiy 26
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Exception Handling Implementation in C++ (cont'd)
scoped_array extendsauto ptr to arrays
Deletion of array is guaanteedon destructionof scoped_array

template <typename T> class scoped_array {
public:
explicit  scoped_array (T *p =0) : ptr_ (p) {}
~scoped_array () { delete [| ptr_; }
T &operator[](std::ptrdi ff_t i) const { return ptr_]i; }
T *get() const { return ptr_; }
void swap (T *&b) { T *tmp =b; b =ptr_; ptr_ = tmp; }
private:
T *ptr_;
/I Disallow copying
scoped_array (const scoped_array<T> &);
scoped_array &operator=(const scoped_array<T> &);

Vanderbilt Universiy 27
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Exception Handling Implementation in C++ (cont'd)
Usecase

#include "Stack.h"
void foo (void) {
Stack sl (1), s2 (100);
try {
T item;
sl.push (473);
sl.push (42); /I Exception, push'd full stack!
s2.pop (item); /[ Exception, pop'd empty stack!

s2.top_ = 10; // Access violation caught!

} catch (Stack::Underflow) { /* Handle underflow... */ }

catch (Stack::Overflow) { /* Handle overflow... */ }

catch (...) { /* Catch anything else... */ throw; }

}

/[ Termination is handled automatically.

}

Vanderbilt Universiy 28
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A paametenseiR S RBRE SR
template <typename T> class Stack {
public:

Stack (size_t size);

~Stack (void)

void push (const T &item);

void pop (T &item);

bool is_empty (void) const;

bool is full  (void) const;
private:

size_t top_, size_;

T *stack_;

|3

To simplify the following exampleswe'll omit exceptionhandling, but
note that it's important to ensureexception-safgt guaantees!

Vanderbilt Universiy 29
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Template Implementation in C++ (cont'd)

A parameterizedtype Stack classimplementationusing C++

template <typename T> inline
Stack<T>::Stack (size_t size)
. top_ (0), size_ (size), stack (new T[size]) { }

template <typename T> inline
Stack<T>:~Stack (void) { delete [] stack_; }

template <typename T> inline void
Stack<T>:push (const T &item) { stack [top_++] = item; }

template <typename T> inline void
Stack<T>::pop (T &item) { item = stack [--top ]; }

Vanderbilt Universiy 30
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Template Implementation in C++ (cont'd)
Note minar changesdo accommalate parameterizeatypes

#include "Stack.h"

void foo (void) {
Stack<int> sl (1000);
Stack<float> s2;
Stack< Stack <Activation_Record> *> s3;

sl.push (-291);

s2.top_ = 3.1416; // Access violation caught!
s3.push (new Stack<Activation_Rec ord>);
Stack <Activation_Record> *sar;

s3.pop (sar);

delete sar;

/[ Termination is handled automatically

Vanderbilt Universiy 31
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Template Implementation in C++ (cont'd)
Another parameterizedtype Stack class

template <typename T, size_t SIZE> class Stack {
public:
Stack (void);
~Stack (void)
void push (const T &item);
void pop (T &item);
private:
size_t top_, size ;
T stack [SIZE];
2

No needfor dynamicmemay, though SIZE must be const, e.g,
Stack<int, 200> si;

Vanderbilt Universiy 32
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Object-Oriented Implementation in C++

Problemswith previousexamples:

{ Changedo the implementationwill requirerecompilation& relinking

of clients
{ Extensionswill requireaccesdo the sourcecode

Solutions

{ Combineinheritancewith dynamicbindingto completelydecouple

interfacefrom implementation& binding time
{ This requiresthe useof C++ abstractbaseclasses

Vanderbilt Universiy 33
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DERIRFLSEhasR pemes gtion in C++  (contd)

template <typename T>
class Stack {
public:
virtual ~Stack (void) = 0; // Needimplementation!
virtual void push (const T &item) = O;
virtual  void pop (T &item) = 0;
virtual  bool is_empty (void) const = 0;
virtual  bool is full  (void) const = 0;
void top (T &item) { // Template Method
pop (item); push (item);

}
h

By using\pure virtual methods," we can guaranteethat the compiler
won't allow instantiation!

Vanderbilt Universiy 34
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Ob{'ect-Oriented _Iméalemen_tation in C++ cont'd?
Inherit to createa specializedstack implementedvia an STL vecta:

#include "Stack.h"
#include <vector>

template <typename T> class V_Stack : public Stack<T> {
public:
enum{ DEFAULT_SIZE 100 };
V_Stack (size_t size = DEFAULT_SIZE);
virtual ~ void push (const T &item);
virtual  void pop (T &item);
virtual  bool is_empty (void) const;
virtual  bool is_full  (void) const;
private:
size_t top_; /I Dbuilt-in
std::vector<T> stack_; // user-defined

h
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Object-Oriented Implementation in C++ (cont'd)

classV_Stack implementation

template <typename T>
V_Stack<T>:V_Stack (size_t size): top_ (0), stack (size) {}

template <typename T> void
V_Stack<T>:push (const T &item) { stack [top_++] = item; }

template <typename T> void
V_Stack<T>::pop (T &item) { item = stack [--top ]; }

template <typename T> int
V_Stack<T>::is_full (void) const
{ return top_>= stack .size (); }

Vanderbilt Universiy 36
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Object-Oriented Implementation in C++ (cont'd)
Inheritancecan alsocreatean linked list stack:

template <typename T> class Node; // forward declaration.
template <typename T> class L_Stack : public Stack<T> {
public:

enum{ DEFAULT_SIZE 100 };

L_Stack (size_t hint = DEFAULT_SIZE);

~L_Stack (void);

virtual void push (const T &new_item);

virtual void pop (T &top_item);

virtual  bool is_empty (void) const { return head == 0; }
virtual  bool is_full  (void) const { return O; }

private:

/I Head of linked list of Node<T>'s.

Node<T>*head_;
3
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Object-Oriented Implementation in C++ (cont'd)

classNode implementation

template <typename T> class Node {
friend template <typename T> class L_Stack;

public:

Node (T i, Node<T>*n = 0). item_ (i), next_ (n) {}
private:

T item_;

Node<T>*next_;
¥

Note that the useof the \Cheshirecat" idiom allows the library writer
to completelyhide the representationof classV_Stack...

Vanderbilt Universiy 38
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Object-Oriented Implementation in C++ (cont'd)

classL_Stack implementation:

template <typename T> L_Stack<T>::L_Stack (size_t): head_ (0) {}

template <typename T> void L_Stack<T>:push (const T &item) {
Node<T>*t = new Node<T>(item, head_ ); head_=t;

}

template <typename T> void L_Stack<T>:pop (T &top_item) {
top_item = head_->item_;
Node<T>*t = head ; head = head ->next_;
delete ft;

}

template <typename T> L_Stack<T>::~L_Stack (void)
{ for (T t; head_!= 0; pop (t)) continue; }
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Object-Oriented Implementation in C++ (cont'd)

Usingour abstractbaseclass,it is possibleto write code that does not
depend on the stack implementation,e.g,

template <typename T> Stack<T> *make_stack (bool use_V_Stack)
{ return wuse_V_Stack ? newV_Stack<T>: new L_Stack<T>; }

template <typename T>
void foo (Stack<T> *stack, const T &t) {
T s;
stack->push (t);
stack->pop (s);
1
}

foo<int> (make_stack<int> (true), 10);

Vanderbilt Universiy 40
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Object-Oriented Implementation in C++ (cont'd)

Moreover,we can make changesat run-time without modifying,
recompiling,or relinking existingcode

{ i.e., canuse\dynamic linking" to selectstack representationat
run-time, e.qg,
char stack_symbol[MAXNAMEN],
char stack_file[MAXNAMLEN;
cin >> stack file  >> stack_symbol,
void *handle = ACE_OS::dlopen (stack_file);
void *sym = ACE_OS:dIsym(handle, stack_symbol);
if (Stack<int> *sp =// Note use of RTTI
dynamic_cast <Stack<int> *> (sym)) foo (sp);

Note, no needto stop, modify, & restat an executingapplication!

{ Naturally, this requirescareful con guration management...
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Summary

A maja contribution of C++ isits support for de ning abstractdata
types (ADTS) & for genericprogramming

{ e.g, classesparameterizedtypes & exceptionhandling

For somesystems,C++'s ADT support is more important than using
the OO featuresof the language

For other systemsthe useof C++'s OO featuresis essentiako build
highly exible & extensiblesoftware

{ e.g, inheritance dynamicbinding & RTTI
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